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Paratrajectura longcementglandatus Amin, Heckmann et Ali, 2018 (Transvenidae) was recently de-
scribed from two species of percid fishes collected from the marine territorial waters of Iraq and

Iran in the Persian Gulf. The genus Paratrajectura Amin, Heckmann et Ali, 2018 is a close relative
to transvenid genera Trajectura Pichelin et Crib, 2001 and Transvena Pichelin et Crib, 2001. Mor-
phologically, Paratrajectura is characterised by having apical proboscis cone, long, tubular cement
glands, short lemnisci, prominent roots on all proboscis hooks, subterminal female gonopore, and
males with long pre-equatorial testes. Molecular studies of P. longcementglandatus using 18S rDNA
and cox1 genes compared with available data of members of other families of Echinorhynchida
showed that P. longcementglandatus is grouped with species of the genus Transvena forming a
clade within the family Transvenidae.
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Introduction

Pichelin & Cribb (2001) described the family Transvenidae with
two genera: monotypic Transvena with T. annulospinosa Pichelin
et Cribb, 2001, and Trajectura with two species, T. ikedai (Machida,
1992) and T. perinsolens Pichelin et Cribb, 2001. Specimens of the
two genera were recovered from wrasses (Labridae, Perciformes)
in the Pacific off southern Australia and southern Japan. Lisitsyna
et al. (2019) described two other species of the family Transveni-
dae, namely Transvena pichelinae Lisitsyna, Kudlai, Cribb et Smit,
2019, and Pararhadinorhynchus sodwanensis Lisitsyna, Kudlai,
Cribb et Smit, 2019 from the marine fishes from the Sodwana Bay,
South Africa. The other genus of this family, Paratrajectura, was
established by Amin et al. (2018). It comprises one species Par-
atrajectura longcementglandatus Amin, Heckmann et Ali, 2018,
which was described on the basis of worms from the Japanese
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threadfin bream Nemipterus japonicus Bloch (Nemipteridae) and
the tigertooth croacker, Otolithes ruber Bloch et Schneider (Sciae-
nidae, Perciformes) caught in the marine territorial waters of Iraq
and Iran, the Persian Gulf (Amin et al., 2018). The genus Par-
atrajectura is characterised by having apical proboscis cone, long,
tubular cement glands, short lemnisci, prominent roots on all pro-
boscis hooks, subterminal female gonopore, and males with long
pre-equatorial testes.

While, several studies have been published about sequence data
for acanthocephalans including two Transvena spp. (Westram et
al., 2011; Garcia-Varela, et al., 2013; Pinacho-Pinacho et al., 2014;
Lisitsyna et al., 2019), no sequence data has been published for
P. longcementglandatus whose phylogenetic relationship with oth-
er acanthocephalans and related families was unknown. In this
paper, we report the molecular profile of P. longcementglandatus,



validate its generic affiliations, and explore its evolutionary rela-
tionships with related and other species and taxa based on partial
18S rDNA and cox1 genes.

Materials and Methods

DNA extraction and PCR amplification

For extraction of genomic DNA, five adult worms of P. longcement-
glandatus were washed with sterile distilled water several times
to remove the ethanol residuals. Total DNA was extracted using
Qiagen DNeasy Blood and Tissue kit (Qiagen Inc., Valencia, Cal-
ifornia, USA) according to manufacturer’s instructions and kept at
=20 °C until use.

PCR reactions were performed in 30 pL volumes containing 2 x
red PCR premix (Ampligon, Odense, Denmark), 20 pmol of each
primer and 3 pL of extracted DNA. The partial 18S rRNA gene was
amplified using the forward primer (5'-AGATTAAGCCATGCATG-
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CGTAAG-3') and reverse primer (5'- ACCCACCGAATCAAGAAA-
GAG-3'). Also, primers used for the amplification of the partial mi-
tochondrial cytochrome oxidase subunit1 (cox?) gene were COI-F
(5'-AGTTCTAATCATAARGATATYGG-3') and COI-R (5'-TAAACT-
TCAGGGTGACCAAAAAATCA-3') (Folmer et al., 1994). PCR
conditions for 18S rRNA gene amplification included of an initial
denaturing step of 95 °C for 5 min and 35 cycles followed by de-
naturing step at 95 °C for 30 s, annealing step of 61 °C for 30
s, and 60 s of extension at 72 °C, and 72 °C for 7 min as a final
extension. The thermal PCR profiles for cox? gene consisted of
initial denaturation at 95 °C for 6 minutes followed by 35 cycles
of 95 °C for 30 s (denaturation), 55 °C for 30 s (annealing), and
at 72 °C for 60 s (extension) with a final extension of 72 °C for
6 minutes. PCR products were analysed on 1.5 % agarose gel and
visualized with UV transluminator. Next, the PCR products were
sequenced in both directions using the same PCR primers with
ABI 3130 sequencer.
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Fig. 1. Phylogenetic tree based on the Maximum likelihood analysis using 18S rDNA sequence of Paratrajectura longcementglandatus of current study and sequences
of the closest-related members of the order Echinorhynchida deposited in the GenBank. Outgroup: Floridosentis mugilis, Neoechinorhynchus pseudemydis
and N. crassus. Bootstrap values lower than 70 are omitted.
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Fig. 2. Phylogenetic reconstruction based on the Maximum likelihood analysis using partial region of the cox1 sequence of Paratrajectura longcementglandatus of
current study and sequences of the closest-related members of order Echinorhynchida deposited in the GenBank. Outgroup: Floridosentis mugilis, Neoechinorhynchus
saginata and N. brentnickoli. Bootstrap values lower than 70 are omitted.



The obtained sequence results were manually edited and trimmed
using Chromas software v.2.01 (Technelysium Pty Ltd., Brisbane,
Queensland, Australia). Next, generated sequences were com-
pared with GenBank submitted sequences using the Basic Local
Alignment Search Tool (BLAST; http://blast.ncbi.nim.nih. gov/).
Also, Clustal W method of Bioedit software v.7.0.9 was used for
multiple sequence alignment (Larkin et al., 2007). The sequenc-
es of 18S rRNA and cox? genes were submitted to GenBank
database (Accession Numbers: MK770616 for 18S rRNA and
MK770615 for cox1)

Phylogenetic analysis

The phylogenetic tree was constructed using Maximum-Likelihood
model and Tamura-3-parameter model by Molecular and Evolution
Genetic Analysis software v.6 (MEGA 6). The reliability of topology
of the tree was supported with Bootstrap value based on 1000
replications. The whole scientific names of acanthocephalan spe-
cies, names of host species, localities, and GenBank accession
numbers used in the phylogenetic analysis are listed in Table 1.

Ethical Approval and/or Informed Consent
The authors declare compliance with all relevant ethical standards.
Results

The specimens of P. longcementglandatus successfully presented
amplifications of about 1234 bp for the 18S rDNA gene and 664 bp
forthe cox1gene. Comparisons of the18S rDNAand cox 1 sequenc-
es from this parasite with other available acanthocephalan se-
quences in GenBank, using multiple sequence alignment, showed
that it had the highest similarity with T. annulospinosa based on18S
rDNA (98 %) and cox1 (77 %) genes. The 18S rDNA dataset (1129
nt) included 26 sequences for species of seven families within
the Echinorhynchida and the novel sequence of P. longcement-
glandatus. The cox1 dataset (538 nt) included 39 sequences for
species of nine families of Echinorhynchida and the sequence of
P. longcementglandatus.

The phylogenetic reconstruction based on the partial sequence
spanning the 18S rDNA showed that our sequence of P. long-
cementglandatus is clustered with Transvena annulospinosa
(AY830153), T. pichelinae (MN105736 and MN105737), P. sod-
wanensis (MN105738) and an unidentified species of Pararhadi-
norhynchus (HM545903) with strong support forming a clade of the
family Transvenidae. Also, the species of Gymnorhadinorhynchus
sp. (MK014866) (Gymnorhadinorhynchidae) and Rhadinorhyn-
chus laterospinosus (MK457183) (Rhadinorhynchidae) are very
closely related with the family Transvenidae in the tree with 100 %
of bootstrap support. The sequence of Gymnorhadinorhynchus
decapteri (KJ590123) (Gymnorhadinorhynchidae) is located at the
basal position to the members of the clade. Other families of the
order Echinorhynchida including Rhadinorhynchidae, Pomphorhy-

nchidae, Cavisomidae, Arhythmacanthidae and Echinorhynchidae
located in a major sister clade (Fig. 1). Inter-generic differences
are noted between P. longcementglandatus and T. annulospinosa,
T. pichelinae, P. sodwanensis and Pararhadinorhynchus sp. from
Transvenidae based on partial 18S rDNA sequence were 2.4 %
(18 nt), 2.8 % (21 nt), 2.9 % (22 nt) and 2.9 % (22 nt), respectively.
According to phylogenetic analyses based on the cox? gene, our
sequence of P. longcementglandatus (MK770615) is grouped with
T. annulospinosa (DQ089711) and T. pichelinae (MN104895 and
MN104896) with strong support in a clade of the family Transveni-
dae. The species of G. decapteri (KJ590125) and Gymnorhadino-
rhynchus sp. (MK012665) (Gymnorhadinorhynchidae), Neorhadi-
norhynchus nudus (MG757444) (Cavisomidae), R. laterospinosus
(MK572744) and Rhadinorhynchus sp. (DQ089712) (Rhadino-
rhynchidae), appear as a sister group of the family Transvenidae
(Fig. 2). The interspecific divergence between P. longcementglan-
datus and T. annulospinosa, T. pichelinae based on partial cox1
gene was 23.4 % (141 nt), 27.3 % (144 nt), respectively.

Discussion

Recently, molecular methods are applied for species identification,
classification and phylogenetic analysis of acanthocephalan spe-
cies (Garcia-Varela et al., 2002). To date, molecular profile has
been provided for few species of the family Transvenidae including
T annulospinosa, T. pichelinae, P. sodwanensis and Pararhadino-
rhynchus sp. (Pichelin & Cribb, 2001; Lisitsyna et al., 2019). In the
current study, phylogenetic relationships of P. longcementglanda-
tus as another genus of this family is described based on partial
18S rDNA and cox? genes determining relationships with other
acanthocephalan families.

This study showed that the interspecific variation between P, long-
cementglandatus and species of Transvena based on partial 18S
rDNAwas 2.4 % - 2.8 % (18 — 21 nt) and between it and species of
Pararhadinorhynchus was 2.9 % (22 nt). Also based on cox1 gene,
inter-generic variations between P. longcementglandatus and T.
annulospinosa was 23.4 % (141 nt). These results illustrate that
sequence differences between the genera of the family based on
cox1 gene is higher than18S rDNA and it is appropriate to consider
for taxonomic studies at the generic level.

The phylogenetic analysis of the 18S rDNA sequence (Fig. 1)
showed that P. longcementglandatus is grouped in a highly
supported clade with T. annulospinosa (AY830153), T. picheli-
nae (MN105736 and MN105737), P. sodwanensis (MN105738)
and Pararhadinorhynchus sp. (HM545903) forming a clade of
the family Transvenidae. In the clade, the family Transvenidae
grouped close to R. laterospinosus (MK457183) and G. decapteri
(KJ590123) (Gymnorhadinorhynchidage). Our phylogenetic tree for
18S rDNA is similar to those of Garcia-Varela et al. (2002) and Lis-
itsyna et al. (2019) where the family Transvenidae grouped close
to different species of Rhadinorhynchus (Rhadinorhynchidae) and
Gymnorhadinorhynchus (Gymnorhadinorhynchidae).
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Our phylogenetic analysis of the cox? gene (Fig. 2) confirmed
that P. longcementglandatus is grouped with T. annulospinosa
(DQO89711) and T. pichelinae (MN104895 and MN104896) which
made the clade of the family Transvenidae with good statistical
support. Also, the families Rhadinorhynchidae, Gymnorhadinorhy-
nchidae and Cavisomidae appear as a sister group with the clade
of family Transvenidae. Other families of Echinorhynchida such
as Pomphorhynchidae, Echinorhynchidae, Cavisomidae, llliosen-
tidae, Rhadinorhynchidae, Gymnorhadinorhynchidae, Diplosenti-
dae and Arhythmacanthidae are well separated in the later clade.
In the present study, the higher level of variation in cox? gene com-
pared to the 18S rDNA gene provides better resolution of the rela-
tionships within closely related taxa. While Amin et al. (2019a) pre-
sented relationships in their analysis of Rhadinorhynchus based
on cox1 sequences, it was not clearer than 18S rDNA due to the
lack of sufficient sequences of this gene in GenBank.

One of the most commonly used molecular markers for classifica-
tion of acanthocephalans is the small subunit from RNA ribosomal
gene or 18S rRNA. This gene displays a slow evolution rate and
is highly conserved. It was used to infer phylogenetic relation-
ships among the major classes of Acanthocephala (Garcia-Varela
& Pérez-Ponce de Ledn, 2015). Most of phylogenetic studies of
acanthocephalans similar to this research showed that 18S rDNA
sequences appear to be suitable marker for phylogenies among
acanthocephalans (Garcia-Varela et al., 2000; Near, 2002; Herlyn
et al., 2003; Verweyen et al., 2011; Amin et al., 2019b). Also, cox1
gene is commonly used for phylogenetic studies and to recognize
and establish species limits in acanthocephalans (Guillen-Hernan-
dez et al., 2008; Alcantar-Escalera et al., 2013; Garcia-Varela, et
al., 2013). The present study confirmed that this gene has high
genetic diversity among genera of the family and other families of
Echinorhynchida which would be more particularly useful for phy-
logenetic analysis.

Finally, the genetic data collected in the current study provide a
better understanding of the taxonomic status of P. longcement-
glandatus. Sequence variations within the family Transvenidae
and among other families of Echinorhynchida based on cox?
gene is higher than18S rDNA that can be useful for achieving a
proper assessment of biodiversity. More sequence data from other
geographical isolates using more gene targets will be useful for
exploring the phylogenetic relationships among species. On the
other hand, using of molecular tools for identification of acantho-
cephalan species is still scarce due to the lack of sequences of
different genera of acanthocephalans in GenBank (Amin et al.,
2013; Salgado-Maldonado, 2013; Weaver & Smales, 2013; Amin
et al., 2014; Smales, 2014; Gomes et al., 2015; Steinauer & Nick-
ol, 2015). More molecular studies are recommended in order to
elucidate acanthocephalans classification.
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