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The presence of a Raphidascarid parasitic nematode Hysterothylacium aduncum (Rudolphi, 1802) in two sparid
fish (Sparus aurata and Diplodus vulgaris) and one soleid fish (Solea solea) was investigated in this study. A
total of 868 individuals; 385 S. aurata, 437D. vulgaris and 46 S. soleawere collected from theMersin Bay between
February 2013 and January 2014 and examined. Variations in the prevalence, mean intensity, and mean abun-
dance of the parasite were 14.55%, 2.05, and 0.30 for S. aurata, 4.12%, 2.44, and 0.10 for D. vulgaris, and 15.22%,
3.29, and 0.50 for S. sole respectively.
Nucleotide sequences of 1398 base pair long fragment of 18S rRNA-ITS1-5.8S rRNA-ITS2-28S rRNA region and
641 base pair long fragment of mtDNA cytochrome c oxidase I (cox1) genewere used inmolecular identification
of isolated parasites at species level. All the parasite samples were identified as H. aduncum based on nucleotide
sequence comparisons. Both ITS rDNA and mtDNA cox1 sequences revealed a genetic variation among
H. aduncum specimens isolated from different fish species, while only mtDNA cox1 sequences were indicating
a mean genetic distance of 0.010 among H. aduncum specimens of the same host species.

© 2014 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

The phylogenetic studies based on molecular markers divide nema-
todes into two classes: Enoplea and Rhabditea. The genus Capillaria and
Pseudocapillaria are known asmarine fish parasitic species and found in
the class of Enoplea, subclass of Dorylaimia. The heteroxenous marine
ascaridoid nematodes (use intermediate hosts) such as Anisakis,
Hysterothylacium and Pseudoterranova are classified under the Rhabditia
subclass [1,2].

Hysterothylacium is one of the common genera in the family
Raphidascarididae. Hysterothylacium has been found to be a valid
genus which now includes some species previously considered as
members of the junior synonym Thynnascaris. These species were
considered members of Contracaecum in the past [3].

Hysterothylacium is usually found in benthic and pelagic fishes [4].
The adult stages are normally found in the alimentary canal of marine
fishes and also reported from the freshwater fishes [5,6]. Third stage lar-
vae have been found encapsulated in the mesentery and viscera.
Fourth-stage larvae were found in the intestinal canal and also free in
the abdominal space. Infected fish act as transport hosts [2,7].
.

In the literature, Hysterothylacium aduncum has been reported from
the Northeastern Atlantic [8,9], the Mediterranean Sea [10–18], the
Black Sea [19], the Adriatic Sea [20], the Pacific and Atlantic waters of
North America [21,22], Northwest Pacific, [23] and the Pacific Ocean
costs of Japan [24].

On the subject of molecular characterization of Raphidascarid
Hysterothylacium, Martín-Sánchez et al. [25] provided valuable results
at the taxonomic level. Klimpel et al. [1], Amor et al. [26], and Farjallah
et al. [11] determined population-specific patternswith the different lo-
calities off the Tunisian coasts. Vardić Smrzlić et al. [17] provided some
data on the molecular characterization of Anisakidae larvae from
Adriatic Sea and recently Guo et al. [27] used molecular methods by se-
quencing and analyzing the internal transcribed spacer (ITS) of nuclear
ribosomal DNA (rDNA). The improvements in molecular parasitology
have been reviewed by Mattiucci and Nascetti [28] but there are still
very limitedmolecular studies that confirm themolecular identification
of the H. aduncum at species level, other than data based on ITS rDNA
sequences.

Therefore, this study was designed to investigate the H. aduncum in-
fections and to describe the molecular identification of H. aduncum by
sequencing the region spanning the ITS1, the 5.8S and the ITS2 of nucle-
ar DNA and cytochrome c oxidase I region, known as the DNA barcode,
in two sparid fish species, Sparus aurata (gilthead sea bream) and
Diplodus vulgaris (two banded bream), and one soleid fish species,
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Solea (common sole) from theMersin Bay, the southern coast of Turkey
(Northeast Mediterranean Sea). This is the first molecular study using
mtDNA cox1 gene sequences in identification of H. aduncum at species
level and in investigation of genetic variability of specimens isolated
from different hosts, comparing nucleotide sequence data of ITS rDNA
and mtDNA cox1 genes.

2. Materials and methods

2.1. Sampling

Gilthead seabream S. aurata Linnaeus, 1758 and common two-
banded seabream D. vulgaris (Geoffroy Saint-Hilaire, 1817) were sam-
pledmonthly from commercialfishing area ofMersin Bay, EasternMed-
iterranean Sea (36°10′58.08″N–33°58′37.43″E and 36°32′00.70″N–
35°19′32.54″E) during February 2013 to January 2014 and common
sole, S. solea (Linnaeus, 1758) were sampled from the same catching
area between February 2013 and April 2013.

2.2. Parasitological examination

Fish were obtained from commercial fishermen and fish samples
were measured for total length (TL, cm) and weight (W, g) individually
before the parasitological examination. All the nematodes studied were
counted. After that nematodes were measured with the micrometric
ocular. Standard parasitic procedures were used. In the cranial and
post-cranial dissection, parasites were found only from internal lumen
of digestive tract. Alimentary canals of fish specimenswere longitudinal-
ly opened and parasites were removed. Isolated parasites were washed
in physiological saline solution,fixed in 70% ethanol for themolecular in-
vestigation and also stored in 4% buffered formalin for the routine study.
Fixed nematodes within the formalin, cleared in glycerin for lightmicro-
scope (phase-contrast Nikon H550L) examination and for the identifica-
tion. The parasite specimensweremorphologically identified as L4 stage
larvae of Hysterothylacium sp. [3,7,8,27,29–32].

Isolated parasites were counted, then prevalence (P%), mean inten-
sity (mI) andmean abundance (mA) ofHysterothylacium sp. were calcu-
lated regarding the procedures reported in Bush et al. [33].

2.3. DNA analyses

Genomic DNA was isolated from Hysterothylacium sp. L4 stage
larvae (total 157 out of 182 specimens; S. aurata: 100/115,
D. vulgaris: 39/44 and S. solea: 18/23. Remaining specimens kept in
fixatives) using the Promega Wizard® Genomic DNA Purification
Kit according to the manufacturers' protocol. Quality and quantity
of the DNA were determined using NanoDrop™ ND-1000 spectro-
photometer and were visualized on a 1% agarose gel electrophoresis.
DNA samples were all set to a final concentration of 50 ng/μl. Eluted
DNA samples were used either immediately in polymerase chain re-
action (PCR) or stored at −20 °C.

Two regions were selected to amplify with PCR. The first region in-
cludes a small fragment from 18S rRNA, complete ITS1-5.8S rRNA-ITS2
region and a small fragment of 28S rRNA. The second region includes
a fragment of mtDNA cox1 gene, known as the DNA barcode region for
Table 1
Data of the fish hosts examined, number of specimens examined, and levels of infection.

Examined fish Nupf Wupf TLupf Npf

Sparus aurata 329 78.83 ± 19.02 16.59 ± 1.55 56
Diplodus vulgaris 419 104.68 ± 40.52 17.11 ± 2.4 18
Solea solea 39 61.17 ± 20.49 19.53 ± 2.22 7

Nupf: the number of un-parasitized fish,Wupf: liveweight of un-parasitized fish, TLupf: total leng
fish, TLpf: total length of parasitized fish, Np: the number of parasites, P: prevalence, mI: mean
the eukaryotic species. Both protein coding and non-coding regions
were amplified using species specific primers designed for this study.
Primer sequences, fragment lengths and PCR conditions are presented
in Table 2. PCR yields were subjected to a bidirectional direct sequenc-
ing using ABI Prism 3130 Genetic Analyzer (Applied Biosystems, CA)
platform. Sequencing was performed using the same primers designed
for the PCR.

2.4. Data analyses

Alignment of the forward and reverse nucleotide sequences was
conducted using ClustalW 2.1 and MEGA 6.0.5 software [34] with the
default gap and extension penalties. Basic Local Alignment Search Tool
(BLAST) program was used in comparison with previously published
reference sequences in order tomake species levelmolecular identifica-
tion. BOLD Systems Identification database was also used for mtDNA
cox1 sequences. Nucleotide sequences of Hysterothylacium sp. speci-
mens were deposited as haplotypes into GenBank database (Accession
numbers KJ748530–KJ748537).

Nucleotide composition was calculated using MEGA 6.0.5 software.
jModelTest [35] was used to choose the best fitting model for our
dataset according to the corrected Akaike information criterion. Maxi-
mum likelihood phylogenies were reconstructed with Jukes Cantor
model with a discrete Gamma distribution for ITS rDNA and with
Tamura-Nei model with a discrete Gamma distribution for mtDNA
cox1 datasets using PAUP 4.0b10 software [36] with transition/
transversion ratio calculated in the JModelTest. Bootstrap test with
1000 replicates was used to check confidence in the topologies. Fst
values according to host species were also calculated [36].

Genetic distance (pairwise) among the haplotypes and previously
submitted sequences gathered from GenBank database were calculated
using Jukes Cantor and Tamura-Nei model for ITS rDNA and mtDNA
cox1, respectively. Genetic distance matrix of both datasets including
relative standard errors was given in. Evolutionary relationship among
the haplotypes was analyzed using Neighbor Joining (NJ) trees. Phylo-
genetic trees were constructed using Jukes Cantor, Tamura Nei, and
Kimura 2-parameter models (according to datasets) with bootstrap
tests of 1000 replicates. Building phylogenetic trees from intraspecific
datasets is complicated because of high number of samples and small
genetic distances among the specimens. Network analysis helps to ex-
press the alternative evolutionary path possibilities in the form of cycles
[37]. Consequently, we also used Median Joining (MJ) network to eval-
uate the relationship among Hysterothylacium sp. haplotypes, using
Network 4.612 software [37].

3. Results

3.1. Parasitological indices

A total of 868 fishwere examined in this study (from February 2013
to January/April 2014 from the Mersin Bay, Northeast Mediterranean
Sea) by means of presence of nematodes. Fifty-six of 385 S. aurata, 18
of 473 D. vulgaris and 7 of 39 S. solea specimens were found to be para-
sitized. Common characteristics of the L4 stage larvaewere found as dis-
tinct 3 lips, short interlabia and tail shapes typically spinous were
Wpf TLpf Np P (%) mI mA

85.64 ± 22.20 17.11 ± 2.07 115 14.55 2.05 0.30
92.02 ± 23.91 16.68 ± 3.02 44 4.12 2.44 0.10
61.01 ± 14.66 19.96 ± 1.72 23 15.22 3.29 0.50

th of un-parasitized fish, Npf: the number of parasitized fish,Wpf: liveweight of parasitized
intensity, mA: mean abundance.



Table 2
Primer sequences designed for ITS rDNA and mtDNA cox1 regions, PCR contents and thermal cycler conditions.

Primer sequence Target region Amplified fragment length Tm Reaction content
(25 μl)

PCR condition

HaITS-F: 5′-GAAGACTTCTTAGAGGGACA-3′
HaITS-R: 5′-CAGCGGGTAGTCACGA-3′

ITS rDNA 1398 bp 53 °C 10 mM Tris–HCl (pH 8.3)
50 mM KCl
2,5 mM MgCl2
0.3 mM dNTP mix
1 mM of each primer
0.5 U DNA Polymerase
5 μl DNA

95 °C (2 min)
30 cycles of:
94 °C (30 s)
53/59 °C (45 s)
72 °C (1 min)
and
72 °C (10 min)

HaCOI-F: 5′-TTTTTATTTGGTTTGTGGTCTGGTA-3′
HaCOI-R: 5′-ATGCTGAATAATTAATGGGTTACCA-3′

mtDNA cox1 639 bp 59 °C
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detected. The larvae lengths (mm) and nerve ring widths (mm) were
measured as;

Host 1: Sparus aurata, 18.29 ± 4.31 (11.4–24.7, n = 23) and 0.29 ±
0.07 (0.18–0.37, n = 11)

Host 2: Solea solea, 16.72±4.02 (10.8–24.6, n=14) and 0.28±0.08
(0.17–0.36, n = 12)
Host 3: Diplodus vulgaris, 18.29 ± 4.31 (10.9–23.2, n = 15) and
0.25 ± 0.06 (0.16–0.33, n = 8) respectively.Total lengths and
weights of un-parasitized and parasitized fish samples are shown
in Table 1.

The raphidascarid parasitic nematodes were found only in the stom-
ach and intestine during the endo-parasitic examination of the infected
fish. The identified nematodes were classified as L4 form larvae of
Hysterothylacium sp. Numbers of Hysterothylacium sp. worms per
gilthead sea bream, common two banded seabream and common sole
were 1-4, 1-5 and 2-5, respectively.

Prevalence (P) values for Hysterothylacium sp. for parasitized
gilthead sea bream, common two banded seabream, and common sole
were calculated as 14.55%, 4.12%, and 15.22%, respectively. Also mean
intensity (mI) values were found to be 2.05, 2.44, and 3.29, and the
mean abundance (mA) values were 0.30, 0.10, and 0.50, respectively
(Table 1).

3.2. Molecular analyses

The comparison of the obtained sequences with those available in
GenBank resulted with a match for the species H. aduncum with an
identification ratio of N99%, using both the mtDNA cox1 and ITS rDNA
genes.

3.2.1. ITS rDNA dataset
ITS rDNA gene, including a small fragment from 18S rRNA, complete

ITS1-5.8S-ITS2 region and a small fragment of 28S rRNAwas successful-
ly amplified using the species specific primer pair HaITS-F and HaITS-R.
The final length of the aligned nucleotide sequencewas 1398 base pairs.
No insertion or deletion was detected among aligned sequences. Nucle-
otide sequenceswere composed of 431 base pairs long partial 18S rRNA
sequence, 431 base pairs long complete ITS1 sequence, 157 base pairs
long complete 5.8S rRNA sequence, 347 base pairs long complete ITS2
Table 3
Number of individuals, total number of sequences, haplotype numbers, nucleotide diversity an

H. aduncum
Individuals

Total
sequences

Number of haplotypes

Host mtDNA cox1
dataset

ITS rDNA
dataset

Diplodus vulgaris 39 157 2 (18/21) 1
Solea solea 18 2 (12/6) 1
Sparus aurata 100 1 (100) 1

a All the polymorphic sites were found parsimony informative.
sequence, and 32 base pairs long partial 28S rRNA sequence. Nucleotide
composition, in terms of G+ C, for each region was between 51.2% and
51.5%. Nucleotide composition of 28S rRNA region (G+C=62.5%)was
not used in calculations as only a 32 base pairs-long fragment of it was
amplified. Nucleotide composition was 22.2% adenine, 23.0% cytosine,
28.4% guanine, and 26.4% thymine. Number of sequences, number of
haplotypes, nucleotide diversity and number of polymorphic sites
were given in Table 3.

Pairwise genetic distance matrix indicated a genetic divergence
among H. aduncum specimens isolated from different hosts in our
study and among different H. aduncum populations such as Black
Sea, Baltic Sea, Adriatic Sea, North Sea, Pacific, and Atlantic from
GenBank. All the H. aduncum specimens isolated from the same host
species belonged to the same haplotype. However, mean pairwise ge-
netic distance among H. aduncum specimens isolated from different
host species were in the range of 0.002–0.003 (±0.001), indicating a
genetic variation based on host species. Pairwise genetic distance
among H. aduncum specimens from this study and previously submit-
ted sequenceswas 0.001–0.012 (±0.001). None of theH. aduncumhap-
lotypes found in this study showed absolute match with any of the
previously submitted sequences. Specimens from Black Sea, North Sea,
Portugal, and Tunisia showed no difference based on sequenced frag-
ments of the ITS rDNA gene. Although there is no insertion or deletion
detected among sequences from this study, one deletion at sequences
from South Korea (702733) and Tunisia (HQ270427), one insertion at
sequence from Portugal (KF923931), two insertions at same positions
from sequences of Japan (AB277826), China (KF736937) and South
Korea (HQ702733) were detected among the compared sequences.
The Fst value of the dataset according to host species was calculated
as 0.286.

Neighbor-joining tree clearly indicated four distinct clusters among
specimens from different populations (Fig. 1). H. aduncum specimens
from this study were grouped under three clusters according to their
hosts, while sequences from Japan, South Korea and China were clus-
tered together close to another group of sequences from Portugal,
Denmark, Croatia, Turkey and Tunisia. The sequence from Poland was
separated from the rest with a single branch. Bootstrap supports were
all found to be greater than 73%. The clustering pattern correlated
with geographical distribution of the specimens. Median joining net-
work confirms the divergence of populations under four distinct clus-
ters separated with three mutational vectors (Fig. 2).
d parsimony informative polymorphic sites according to datasets.

Nucleotide diversity Polymorphic sitesa

mtDNA cox1
dataset

ITS rDNA
dataset

mtDNA cox1
dataset

ITS rDNA
dataset

0.010 (SE: 0.003) 0.004 (SE: 0.001) 13/641 10/1398



Fig. 1. Neighbor joining tree based on ITS rDNA sequences. Phylogenetic relationship was inferred using neighbor joining method. Bootstrap confidence percentage is shown next to
branches. Genetic distances were calculated using the Jukes Cantor + G method. H. fabri was used as out-group.
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3.2.2. The mtDNA cox1 dataset
The mtDNA cox1 region amplified in this study consists of 641 base

pairs long fragment of mitochondrial cytochrome c oxidase I region.
The mtDNA cox1 region was successfully amplified using the species-
specific primer pair of HaCOI-F and HaCOI-R. No insertion or deletion
was detected in the aligned dataset. Translated protein sequences re-
sulted with no stop codons confirming the functional mitochondrial
gene and lack of numts. ThemtDNA cox1data generated twohaplotypes
forH. aduncum specimens isolated from S. solea and D. vulgaris, and one
haplotype for specimens isolated from S. aurata. A total of 5 haplotypes
were detected using mtDNA cox1 dataset. Mean G + C composition of
amplified region was calculated as 35.2%. Nucleotide composition was
21.8% adenine, 16.1% cytosine, 19.1% guanine, and 43.0% thymine. Num-
ber of sequences, number of haplotypes, nucleotide diversity and num-
ber of polymorphic sites were given in Table 3.

Genetic distance matrix was constructed using only haplotypes of
this study as no other published mtDNA cox1 sequences were found in
BOLD and GenBank databases. Genetic distance among H. aduncum
specimens isolated from same host species was calculated as 0.005
(±0.003) for two haplotypes of D. vulgaris and 0.003 (±0.002) for
Fig. 2.MJ network based on ITS rDNA sequences of examined H. aduncum specimens. Median
proportional to frequencies. Numbers indicate mutated base positions. Haplotypes: BS1: JX413
CR: JQ934881 Adriatic Sea Croatia, D: JX845137 North Sea Denmark, DV: Eastern Mediterrane
Portugal, SA: Eastern Mediterranean (Sparus aurata), SK: HQ702733 South Korea, SS: Eastern M
two haplotypes of S. solea. No genetic distance was calculated for spec-
imens isolated from S. aurata as they were clustered under same haplo-
type. On the other hand, genetic distance range among H. aduncum
specimens isolated from different host species was calculated between
0.010 and 0.014 (±0.004). The overall genetic distance of the mtDNA
cox1 dataset was found as 0.010 (±0.003).

Neighbor joining tree indicates that three distinct clusters were cor-
related with host species in whichH. aduncum specimenswere isolated
from D. vulgaris seems to be the most divergent among haplotypes. Al-
though the specimens isolated from host species S. solea and S. aurata
were clustered under the same main branch, their sub branches were
separated according to the host species they are sampled from
(Fig. 3).Median joining network confirms the divergence of populations
into four haplotypes separated with four mutational vectors (Fig. 4).

4. Discussion

According to Deardorff and Overstreet [3] the excretory pore of
Hysterothylacium sp. is located at or near the level of the nerve ring.
Additional distinctive specifications of the L4 stage larvae were
vectors (mv) were shown with black squares and population nodes were drawn as gray,
596 Black Sea Turkey, BS2: JX413597 Black Sea Turkey, CH: KF736937 Yellow Sea China,
an (Diplodus vulgaris), J: AB277826 Japan, PL: AF115571 Baltic Sea Poland, PR: KF923931
editerranean (Solea solea), T: HQ270427 Tunisia.



Fig. 3. Circular neighbor joining tree based onmtDNA cox1 sequences. Phylogenetic relationship was inferred using neighbor joining method. The sum of branch length was calculated as
0.21772246. Bootstrap confidence percentage is shown next to branches. Genetic distances were calculated using both Tamura Nei/Kimura 2-parameter method as both has given the
same topology.
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characterized by the typical spinous shape of tail and also arrange-
ment of the digestive organs, especially the excretory pore position
(just behind the nerve ring). Therefore all of the examined nema-
todes removed from the fish hosts in the study are considered to be-
long to the species H. aduncum (Rudolphi 1802).

Anisakids are typically found in carnivorous fishes and their nat-
ural transmission takes place in specific habitats where the hosts
consume parasitized prey, other intermediate or paratenic host [15,
31]. According to Genc [12], prevalence levels of Hysterothylacium
sp. in S. aurata (N = 100), D. vulgaris (N = 117) and S. solea (N =
Fig. 4.MJ network based onmtDNA cox1 sequences of examinedH. aduncum specimens. Media
proportional to frequencies. Numbers are indicating mutated base positions. A total of 5 haplo
(46.15%); DV2: EasternMediterranean (Diplodus vulgaris) Haplotype-2, 21 individuals (53.85%)
(Solea solea) Haplotype-1, 12 individuals (66.67%); SS2: Eastern Mediterranean (Solea solea) H
72) from the Iskenderun Bay (close to the Mersin Bay) from June
2000 to May 2001 were found as 1%, 0.85%, and 0%, respectively.

InMay2003 andApril 2004, Kalay et al. [15] isolatedH. aduncum spec-
imens from two sparids. The prevalence and the mean intensity values
were noted as 6.25%, 1.92 for S. aurata (N = 208), and 6.08%, 2 for
D. vulgaris (N=263).Moreover,H. aduncumwas reported from common
guitarfish, Rhinobatos rhinobatos, an elasmobranch fish species sampled
(N = 244) in Northeastern Mediterranean Sea, Iskenderun Bay. Genc
et al. [13] stated that the prevalence value of H. aduncum (in L4 stage)
was varied from 7.69% to 78.57% (March 2003–February 2005).
n vectors (mv)were shownwith black squares and population nodes were drawn as gray,
types found: DV1: Eastern Mediterranean (Diplodus vulgaris) Haplotype-1, 18 individuals
; SA: Eastern Mediterranean (Sparus aurata), 100 individuals; SS1: EasternMediterranean
aplotype-2, 6 individuals (33.33%).
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In the present study,H. aduncumwas the only endoparasite detected
in the examined S. aurata, D. vulgaris and S. solea from the Mersin Bay.
Our parasitological indices including P, mI and also mA were found to
be slightly higher than the previously published studies mentioned
above [12,13,15].

According toMarques and Cabral [38], estimation of the parasitolog-
ical indices (their variance and bias) depends on sample size of fish (in
the Monte Carlo simulation procedures). Estimates of prevalence were
not significantly affected by sample size whereas mean abundance
andmean intensity were affected by even a single sample. Thus, under-
estimation of values was more perceptible in small (b40) sample sizes.

In the current study fish sample sizes were recorded as 385 for
gilthead seabream, 437 for common two banded seabream and 46 for
common sole, respectively. This makes our sparid sample size more re-
liable than the soleid sample size in terms of confidence interval. Al-
though sample size of soleid fish is just over acceptable limit of 40,
results of molecular data showed a significant divergence among the
H. aduncum specimens, even at intragenic levels, related to their host
and sampling populations.

Previous studies based on nucleotide sequences of ITS rDNA gene
clearly demonstrated the effectiveness of this genetic marker in molec-
ular identification of ascaridoid species [1,19,26,39–44]. Nucleotide se-
quences of L4 stage larvae of H. aduncum specimens isolated from
three commercially important fish species caught off the Eastern Med-
iterranean cost are also shown to be effective inmolecular identification
at species level, using both ITS rDNA and mtDNA cox1 regions. Results
indicated that the ITS rDNA sequences from our study are highly similar
to those already submitted to GenBank in previous studies [1,19,26,42,
45–47]. We were not able to compare mtDNA cox1 sequences, as this
is the first molecular study using mtDNA cox1 sequences in identifica-
tion of H. aduncum.

Comparisons of ITS rDNA sequences from this study to sequences
from GenBank were indicating two main clades. First clade includes
H. aduncum specimens isolated in this study, in which three haplotypes
were found according to host fish species. Second clade three distinct
groups, separating Asian coast samples (Japan, China and South Korea)
under one branch, European coast samples (Turkey, Croatia, Denmark,
Portugal and Tunisia) in another and leaving the sample from Baltic Sea
(Poland) at another. European cost samples from Turkey were isolated
from the Black Sea [19] and were clearly distinct from the specimens in
this study that were isolated from Eastern Mediterranean Sea. Both the
neighbor-joining tree and the median-joining network show that the
haplotypes were correlated with the geographical variation.

Moreover, mtDNA cox1 data pointed out an intragenic variation
among H. aduncum specimens isolated from the same host species.
Two haplotypes were detected for H. aduncum specimens isolated
both from S. solea andD. vulgaris. On the other hand, specimens isolated
from S. aurata showed a single haplotype.

The low intraspecific genetic distance amongH. aduncum specimens
has already been reported by Klimpel et al. [1]. Their result based on ITS
rDNA data was indicating a genetic variation of only three indels at ITS2
sequences, and exactly the same sequences at ITS1 and 5.8S rRNA genes
from geographically distant populations. Klimpel et al. [1] suggested
that studies with higher sample sizes should be used to confirm the
phylogenetic pattern and using more polymorphic markers will in-
crease the chance to detect intraspecific variation. Results based on
mtDNA cox1 dataset in our study confirm these suggestions as the am-
plified fragment of mtDNA cox1 gene used in this study revealed multi-
ple haplotypes within H. aduncum specimens isolated from same host
species.

4.1. Conclusions

As a result, this study provides new data on the occurrence of
H. aduncum in three commercially importantmarine fish species caught
off the Eastern Mediterranean coast.
Studies on molecular identification of nematodes typically use
the ribosomal DNA small subunit (SSU) [48], the ribosomal DNA
large subunit (LSU) [49,50] or the internal transcribed spacer (ITS)
region [49,51] for the advantage of the availability of universal nem-
atode primers and genus level phylogenetic resolution. The mtDNA
cox1 has been distinguished lately as a potential marker with an am-
plification success across a wide taxonomic range, lack of insertions
and deletions making the alignment easy and variability pattern
making species level identifications possible. Besides advantages of
being a mitochondrial gene, mtDNA cox1 is translated into an evolu-
tionary conserved protein, making it a better molecular identifica-
tion tool over SSU, LSU, and ITS rDNA [52].

In this study, mtDNA cox1 sequences were used for the first time
to identify H. aduncum at species level. Along with mtDNA cox1 se-
quences, also ITS rDNAwhich is a widely used genetic marker in pre-
vious studies on molecular identification was also used to confirm
the results. Both datasets resulted with an intraspecific variation
among H. aduncum specimens sampled from different host species.
Intraspecific genetic variation was also found between ITS rDNA se-
quences of H. aduncum specimens from this study and previously
submitted sequences downloaded fromGenBank. Also different hap-
lotypes were detected from the H. aduncum specimens isolated from
the same host species and the same location (Eastern Mediterra-
nean) using the mtDNA cox1 nucleotide sequences. Calculated Fst
value of 0.286 between specimens of different host species also con-
firms the pattern. Fst values range from 0 to 1. Zero means a total
panmixis, which can be explained by a free interbreeding among
populations. Contrary to zero, one points out a population structure
with no genetic relationship. Fst values b0.05 indicate a population
structure with no genetic differentiation, while Fst value N0.25 points
out a large genetic differentitation [53]. Fst value of 0.286 calculated in
our study stands for a high rate of genetic differentitation among the
populations of H. aduncum specimens from different fish hosts.

Further studies using different host species from distinct geographi-
cal locations and sequencing other polymorphic genes could result in a
more detailed analysis of the population structure of H. aduncum.
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