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Morphological and molecular identification
of an echinostomatid digenean Pegosomum asperum
ex Ardea alba (Aves: Pelecaniformes: Ardeidae)
from the Volga River delta
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ABSTRACT: Pegosomum is a genus of aberrant echinostomatid digeneans that parasitize
ardeid birds as adults in the biliary system. Phylogenetic relationships of this genus are not
entirely clear. Two specimens of Pegosomum were collected from the Greategret Ardea alba
in the Volga River delta (Russia), and identified based on morphological characteristics as P.
asperum. Morphological identification of these specimens was confirmed by phylogenetic
analysis based on markers of nuclear (28S rRNA gene, ITS2 region) and mitochondrial
(nadl and cox1) genes. It is the first comprehensive molecular and morphological evidence
of the occurrence of this species in Eastern Europe. The results of our phylogenetic analyses
show that Pegosomum spp. share the most recent common ancestor with the type species
of the genus Petasiger, P. exaeretus, and morphologically undescribed cercariae Petasiger
sp. 1 of Laidemitt et al. (2019) from Radix natalensis (Krauss, 1848), Kenya. The genus
Petasiger appears to be a non-monophyletic taxon, and its revision is necessary.
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penbstbl Bonrn

C.I. Cokonos, C.A. BnaceHkoB*

Hnemumym npobnem sxonocuu u s6omoyuu um. A.H. Cesepyosa PAH, Jlenunckuii npocnekm 33,
Mockea 119071 Poccus.
* 4emop 0ns koppecnondenyuu: svlasenkov22@gmail.com

PE3IOME: Pegosomum — poy abeppaHTHBIX SXMHOCTOMATHHBIX TPEMATO/I, Tapa3uTHpy-
oKX Ha (aze MapuThl B JKEITYEBBIBOASIICH cucTeMe narneib. OunoreHeTHYecKue CBI3u
9TOTO pojia He JI0 KOHIA scHBI. [IBa sk3emmisipa Pegosomum Obutn oOHApy>KEHBI HAMHU Y
6onpmroii 6emoit marum Ardea alba, 1o6w1Tol B MenbTe Bonrn, n MAEHTH(GUIMPOBAHEI 11O
MOp(hOoJIOTHYECKUM ITpH3HaKaM Kak P. asperum. Bumosas mpuHa[IexKHOCTh Tapa3uTa Obiia
MOJITBEPIK/ICHA pe3yJibTaraMi (pUIOreHETHUECKHM aHalln3a, BBIOJIHEHHOTO Ha OCHOBE
MapkepoB siiepHoit (28S pPHK rew, ITS2 peruon) u mutoxoHapuanbHoi (nadl u coxl
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rennl) JJHK. D1o nepBoe coobrienue o perucrpanuu P. asperum B Boctounoii Espore,
TMTOIKPETUIEHHOE KOMIUIEKCHOM MOJICKYJISIPHBIX © MOP(OJIOTHYECKIX JI0Ka3aTesIbeTB. Prito-
TEHETHYECKUI aHaIn3 MoKa3zas, 4to Pegosomum spp. uMeet Haubolee MO3IHEro 00Iero
Tpeka ¢ TUIIOBBIM BHIOM pona Petasiger (P. exaeretus) u o6uapy»xkeunoi B Kenun Mop-
(omornuecku HeomMcaHHOM 1epkapueii Petasiger sp. of Laidemitt et al. (2019) u3 Radix
natalensis. Pox Petasiger, mo-BuanMomy, He SIBISICTCS MOHO(DHICTHICCKUM, YTO YKa3bIBACT

Ha HEOOXOAMMOCTh €r0 PEBU3HUH.

Kax uutuposars 31y crarbio: Sokolov S.G., Vlasenkov S.A. 2024. Morphological and
molecular identification of an echinostomatid digenean Pegosomum asperum ex Ardea
alba (Aves: Pelecaniformes: Ardeidae) from the Volga River delta// Invert. Zool. Vol.21.
No.3. P.304-318, Suppl. Table. doi: 10.15298/invertzool.21.3.04

KJIFOYEBBIE CJIOBA: Trematoda, Echinostomatidae, Petasiger, namum, gunorenus.

Introduction

PegosomumRatz, 1903 isagenus of aberrant
echinostomatid digeneans parasitising herons
(Ardeidae) as adults in the biliary system. Their
striking morphological character is the absence
of the oral sucker (Skrjabin, Bashkirova, 1956;
Kostadinova, 2005). Two representatives of this
genushave beenrecorded in Europe, P.saginatum
(Ratz, 1898) and P. asperum (Wright, 1879) (=P.
spiniferum Ratz, 1903) (Iskova, 1985; Heneberg,
Sitko, 2017).

Pegosomum asperum has a rich taxonomic
history. This species was originally described
as Distomum (Echinostoma) asperum based on
specimens collected from the American bittern
Botaurus lentiginosus (Rackett, 1813) from
Canada (Wright, 1879). Ratz (1903) transferred
itto Pegosomum. Aleksandrova (1976) proposed
to consider P. asperum as a senior synonym of
P. spiniferum (=P. skrjabini Schachtachtinskaja,
1949), which was originally described from the
Eurasian bittern Botaurus stellaris (Linnaeus,
1758) from Hungary (Ratz, 1903). According
to an almost universally accepted opinion of
Bychovskaya-Pavlovskaya (1955), P. spiniferum
is a senior synonym of P. skrjabini. Pegosomum
skrjabiniwasoriginally described fromthe herons
of Azerbaijan (Schachtachtinskaya, 1949). Iskova
(1985) disagreed with the proposal to synonymise
P. spiniferum with P. asperum. According to this
author, the conclusions of Aleksandrova (1976)
were actually based not on the study of type
specimens of P. asperum but on the comparison
of individuals mentioned under this name by other
authors. Unaretal. (2011) considered P. asperum
and P. spiniferum as two distinct species. At the
sametime, Henebergand Sitko (2017) agreed with
Aleksandrova (1976) regarding the synonymy of

P. asperum and P. spiniferum. These authors an-
alysed one nuclear (ITS2) and two mitochondrial
(cox1, nadl) loci of P.asperumand P. saginatum
from Central Europe and confirmed the validity
of the taxonomic separation of these two species
(Heneberg, Sitko, 2017).

In systems of the Echinostomatidae based
on morphology, Pegosomum is traditionally
allocated to the subfamily Pegosominae Odh-
ner, 1910 (e.g. Skrjabin, Bashkirova, 1956;
Yamaguti, 1971; Kostadinova, 2005). Accord-
ing to Feizullaev et al. (1990), Pegosomum
is phylogenetically close to Chaunocephalus
Dietz, 1910. Recent results of the phylogenetic
analysis of echinostomatids based on 28S rRNA
gene sequences do not support the conclusions
of these authors and reveal a close affinity of
Pegosomum spp. (P. asperum and P. saginatum)
with the type species of Petasiger Dietz, 1909,
P. exaeretus Dietz, 1909 (Le et al., 2022, 2024).
However, the 28S rRNA gene sequences of
Pegosomum spp. available in GenBank NCBI
(KY945919 and KY945918) are unsupported
by morphological description, which casts some
doubt on the reliability of the identification of
the genotyped specimens. A close relationship
between P. saginatum and P. exaeretus is also
shown by the ITS marker (LApez-Hernandez
et al., 2023), but in this case the reliability of
P. saginatum identification is unquestionable.

During parasitological investigation of the
Great egret Ardea alba Linnaeus, 1758 (Ardei-
dae) inthe Volga River delta, we found digenean
specimen morphologically identified as P. as-
perum. Here, we described the morphological
characteristics of this species and reconstructed
its phylogeny based on nuclear (28S rRNA gene,
ITS2 region) and mitochondrial (nad1 and cox1
genes) DNA markers.
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Table 1. List of primers used for amplification and sequencing.
Ta6numa 1. Ciucok UCIOIb30BaHHBIX MPaiMEpOB.
DNATegion | Primer Sequence 5'—3’ Direction Reference
ZX1aF | ACCCGCTGAATTTAAGCATAT forward, Palm et al. (2009)
28S rRNA external
gene 1500R GCTATCCTGAGGGAAACTTCG reverse, Snyder, Tkach
external (2001)
3S GTACCGGTGGATCACGTGGCTAGTG | forward, Morgan, Blair
) external (1995)
ITS2 region 7577 T CCTGGTTAGTTTCTTTTCCTCCGC reverse, | Cribb et al. (1998)
external
JB3 TTTTTTGGGCATCCTGAGGTTTAT forward, Bowles et al.
external (1992)
cox1 gene JB45 | TAAAGAAAGAACATAATGAAAATG | reverse, | Bowles etal.
external (1992)
NDJ11 | AGATTCGTAAGGGGCCTAATA forward, Kostadinova et al.
(JB11) external (2003)
nad1 gene NDJ?a | CTTCAGCCTCAGCATAAT reverse, | Morgan, Blair,
external (1998)

Material and Methods

SAMPLING AND MORPHOLOGICAL
STUDY. One intact and one severely damaged adult
specimen of P. asperum were collected from the bile
duct of the Great egret taken near Kalinino Village,
Astrakhan Region, Russia (46°20'9""N;48°53'29"E),
in September 2017. The intact specimen was initially
relaxed in fresh water and fixed with 70% ethanol,
then transferred to 96% ethanol and subsequently
used as a hologenophore; the damaged specimen was
immediately fixed in 96% ethanol. A small fragment
of the body was extracted from the hologenophore
using needles and subsequently used for the molec-
ular genetic analysis. The hologenophore was stained
with acetocarmine, dehydrated in a graded series of
ethanol, cleared with dimethyl phthalate, and finally
mounted in Canada balsam. The anterior body end
of the damaged specimen was dissected with a razor
blade along the sagittal and parasagittal planesin order
to make a thick histological section. This section was
stained and mounted in Canada balsam according to
the procedure described above. All the measurements
are given in micrometres. The drawings were made
using the camera lucida.

MOLECULAR DATAAND PHYLOGENET-
ICANALY SES. Total DNAwas isolated from abody
fragment of the hologenophore of P. asperum using a
QlAamp DNA Mini Kit (QIAGEN, Germany). The
fragments of nuclear and mitochondrial DNAwere am-
plified using BIO-RAD T100 Thermal Cycler (USA).

Polymerase chain reaction (PCR) with specific
primers amplified partial sequences of the 28S rRNA
gene and complete sequences of the ITS2 region of

nuclear DNA, as well as partial sequences of the cox1
and nad1 genes of mitochondrial DNA (Table 1). PCR
were performed in a total volume of 25 pl using the
Encyclo Plus PCR kit (Eurogene, Russia) according
to the manufacturer’s instructions.

The following protocol was used toamplify partial
28SrRNAgene sequences: initial denaturationat 95°C
(5min); 40 cycles of 30 sat 95°C; 30 sat 55 °C; 2 min
at 72 °C; and 7 min at 72 °C for the final extension.
In addition, we amplified ITS2 locus of nuclear DNA
and cox1 gene of mitochondrial DNA.

To amplify the complete sequences of the ITS2
region according to the following protocol: cycle 1
was 95 °C for 3 min, 45 °C for 2 min and 72 °C for
150s; this was followed by 4 shorter cycles, 95 °C for
45's, 50 °C for 45 s and 72 °C for 90 s, then further
30 cycles of 95 °C for 20 s, 52 °C for 20 sand 72 °C
for 90 s and 5 min at 72 °C for the final extension.

The following protocol was used to amplify partial
cox1 gene sequences: initial denaturation at 95 °C for
5 min, then 95 °C for 20 s, 55 °C for 30 s, 72 °C for
30 s extension for 35 cycles, and 5 min at 72 °C for
the final extension.

PCR cycling parameters for amplification partial
sequences nadl gene sequence included denaturation
at 95 °C for 5 min, then 94 °C for 30's, 48 °C for 20
s, 72 °C for 45 s extension for 35 cycles, and 4 min
at 72 °C for the final extension.

The amplicons were purified using Cleanup S-Cap
(Eurogene, Russia) and sequenced directly using
PCR primers. In addition, we used internal primers
to sequence 28S rRNA gene. All amplicons were
sequenced at the Beagle Company (St. Petersburg,
Russia). Sequences from both forward and reverse
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primers were assembled using Chromas Pro v. 1.7.4
(Technelysium Pty Ltd, Australia).

For the phylogenetic reconstruction based on
the 28S rRNA gene, the ITS2 region, cox1 and nadl
genes dataset, the newly obtained sequences were
aligned with those of 76 echinostomatid species for
28S-tree, 7 species for cox1-tree, 31 species for ITS2-
tree and 24 species for nad1-tree (Table S1). The final
alignment length of the sequence was 1044 bp for
the 28S rRNA gene, 378 bp for the ITS2 region, 397
bp for the cox1 gene and 402 bp for the nadl gene.
Alignments were accomplished using the Muscle
algorithm (Edgar, 2004) as implemented in SeaV-
iew Version 4.0 (Gouy et al., 2010), after which the
alignmentwas adjusted manually. Bayesian algorithm
was performed in MrBayes 3.2.7a (Ronquist et al.,
2012) with the GTR+G+I model for 28S rRNA and
nadl alignments, also TPM2uf+G model for cox1
and ITS2 alignments. The evolutionary model was
estimated as suggested by jModeltest 2.1.7 (Darriba
etal., 2012). In the analysis, 15 000 000 generations
of the Markov chain Monte Carlo posterior third
were simulated; the selection was performed with a
frequency of every 100 generations.

The phylogenetic 28S-tree was rooted to Caballe-
rotremasp. (Echinostomatoidea, Caballerotrematidae)
based on the findings of Tkach et al. (2016) (Table
S1). For the ITS2, nadl and cox1 trees, Echinostoma
revolutum (Frohlich, 1802) (Echinostomatoidea, Echi-
nostomatidae) was used as an outgroup following the
conclusions of Le et al. (2022) (Table S1). Estimates
of evolutionary divergence (p-distances) were made
with MEGA 11.0.13 software (Tamura et al., 2021).

Results

TAXONOMY

Family Echinostomatidae Looss, 1899
Genus Pegosomum Ratz, 1903
Pegosomum asperum (Wright, 1879)
Figs 1-3.

FINAL HOST: the Great egret Ardea alba Lin-
naeus, 1758 (Ardeidae).

SITE OF INFECTION: bile duct.

LOCALITY: Vicinity of Kalinino Village, As-
trakhan Region, Russia.

ACCESSIONSSEQUENCESIN GENBANK:
28S rRNA gene, PP388212; ITS2 region, PP388213;
cox1 gene, PP388214; nadl gene, PP400928.

DESCRIPTION (based on whole mount hol-
ogenophore and histological section of anterior end
of paragenophore): Body lanceolate; length 9375,
maximal width 3700 at about midlevel. Body surface
covered with small spikes. Oral sucker absent. Mouth
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opening almost terminal. Head collar weakly devel-
oped, with 27 spines in two rows. Dorsal spines 35-49,
lateral spines 155165 long. Ventral sucker oval 750 x
875. Forebody 46.4% of body length. Prepharynx 50
long. Pharynx pyriform 400 x 260. Oesophagus 3250
long. Intestinal bifurcation in posterior quarter of
forebody. Caeca terminate blindly close to posterior
extremity. Testestwo, slightly indented, in second half
of body, median, almost tandem, separated; anterior
testis, transversely-oval, 1000 x 2480, posterior testis
subtriangular, 1250 x 2510. Post-testicular region
5.3%. Cirrus sac median, reaching posteriorly to ante-
rior third of ventral sucker, 550 x 475. Cirrus everted,
club-shaped, 1000 x 500. Genital pore just posterior
tointestinal bifurcation. Ovary entire, pyriform, 765 x
600, dextro-submedian, between anterior testis and
posterior end of ventral sucker; distance between
ovary and posterior margin of ventral sucker 0.53%
of body length. Mehlis’ gland large, sinistral to ovary.
Uterus pre-testicular; Proximal part of uterus acts as
uterine seminal receptacle. Eggs numerous, 98 x 75.
Vitellarium follicular; follicles in two lateral fields,
reaching from middle pharynx to posterior end of
body, confluent only anteriorly to cirrus sac. Excretory
vesicle not observed.

PHYLOGENETIC STUDY. Bayesian Inference
analysis based on 28SrRNAgene sequences produced
a tree in which the newly genotyped specimen of P.
asperum clustered with a conspecific specimen whose
molecular data were deposited in GenBank NCBI un-
der the number KY 945919 (Fig. 4). The sequences of
these specimens were very similar (p-distance 0.1%).
This group of P. asperum specimens was pooled to-
gether with Petasiger sp.1 of Laidemitt et al. (2019)
and P. saginatum into one moderately supported
clade, in which the latter species occupied the basal
position. The clade of Pegosomum spp. and Petasiger
sp. of Laidemitt et al. (2019) appeared as a strongly
supported sister to P. exaeretus. The clade containing
all the mentioned digeneans formed polytomy with a
strongly supported Petasiger phalacrocoracis (Yama-
guti, 1939) + Petasiger sp.2 of Laidemittetal. (2019)
clade, Petasiger radiatus (Dujardin, 1845) and some
unidentified Petasiger spp. Inturn, the large polytomic
clade considered was nested within an even larger
group of the echinostomatid digeneans designated
by Izrailskaia et al. (2021) as Group 1.

The results of the analysis for three other genetic
markers (ITS2 region, nadl and coxl genes) also
showed both a high similarity of the corresponding
sequences of our P. asperum specimen with those of
conspecific specimens available in GenBank NCBI
andthe clustering of all these specimens into one clade
(Figs 5-7). The p-distances between the sequences
of our sample and those of P. asperum available in
GenBank NCBI had the following values: 0.18-0.55%
(ITS2 region), 0.50-1.24% (nadl gene), 0-0.60%
(cox1 gene).
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Fig. 1. Hologenophore of Pegosomumasperumex Arcellaalba from \olga River delta, Russia, whole ventral view.
Abbreviations: ¢ — cirrus sac with everted cirrus; i — caeca; m — Mehlis’ gland; mt — mouth opening; oe — oesopha-
gus; ov — ovary; ph — pharynx; ts — testes; ur — uterine seminal reciptacle; ut — uterine loops; vs — ventral sucker;
vf — vitelline follicles. Scale bar: 1000 um.

Puc. 1. Tonorernodop Pegosomum asperum u3 Arcella alba, gensra Bonru, Poccusi, BeHTpasibHO.
O003HaueHNs: ¢ — CyMKa LIUPpyca C BRIBEPHYTHIM LIUPPYCaM; i — KHIICYHbIE BETBH; M — ene3a Menuca; mt— poToBoe
OTBEPCTHUE; 0€ — IHIIEBOJ; OV — SUYHHK; ph — IJI0TKA; tS — CEMEHHUKH; Ur — MaTOYHBIN CEMANPUEMHHK; Ut — MEeTIN
MarkH; vs — OploiHas nprcocka; v — jxentounsie Gposutikyisl. Maciurabnas suneiika: 1000 pm.
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Fig. 2. Anterior end of hologenophore of Pegosomum asperum, ventral view.

Abbreviations: hcs — collar spines; mt — mouth opening; ph — pharynx; pph — prepharynx. Scale bar: 200 pum.
Puc. 2. Ilepennnii koren roiorenodopa Pegosomum asperum, BeHTpaIbHO.

O6o3HaueHus: hCS — 1MIIbI aI0paIbHOTO AHCKa; Mt — portoBoe orBepetue; ph — miorka; pph — npedapunke. Mac-

mrrabuast smHeika: 200 MM,

In1TS2-tree, P. asperum appeared asamoderately
supportedsister to P. exaeretus. Inturn, the P. asperum
+ P. exaeretus clade had a strongly supported sister
relationship with P. saginatum (Fig. 5). However,
the phylogenetic position of the clade represented
by Pegosomum spp. and P. exaeretus was poorly
resolved on this tree.

In nadl-tree, P. asperum appeared as a strongly
supported sister to the equally strongly supported P.
saginatum + Petasiger sp.1 of Laidemittet al. (2019)
clade (Fig. 6). The clade containing all these digene-
ans was nested into the large clade that also included
Neopetasiger spp., Petasiger spp., Isthmiophora
hortensis (Asada, 1926) and Isthmiophora melis of
Kostadinova et al. (2003) (probably conspecific to
Petasiger radiatus (Dujardin, 1845), see Nugaraité
et al., 2017). Overall, however, this large clade was
poorly resolved internally.

In cox1-tree, P. asperum was a poorly supported
sister to P. saginatum. In turn, the clade of these
species formed polytomy with other members of
Group 1 (Fig. 7).

Discussion

Morphological features of our specimens,
namely, vitelline follicles filling almost the

enter forebody and a large cirrus (diameter >
447) unambiguously indicate that they belong
to P. asperum (Heneberg, Sitko, 2017). Several
authors have described a poorly developed oral
sucker in this species (Wright, 1879; Ratz, 1903;
Sitko, 2012; Heneberg, Sitko, 2017), but Odhner
(1910), having examined histological sections
of P. spiniferum (=P. asperum), concluded that
the oral sucker was absent. Our results support
this conclusion of Odhner (Fig. 3). Molecular
data on several genetic markers of our specimen
indicate its conspecificity with the specimens
of P. asperum whose sequences are available
in GenBank NCBI. In addition, our data also
confirm that the 28S rRNA gene sequence from
GenBank NCBI (KY945919), assigned to P.
asperum without a morphological confirmation,
does indeed belong to this species.

Thus, our study provides the first comprehen-
sive molecular and morphological evidence of
the presence in the Volga River deltaregion (and
in Eastern Europe in general) of a Pegosomum
isolate conspecific with P. asperum from Central
Europe. Previously, only morphologically con-
firmed reports on the occurrence of P. asperum
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Fig. 3. Microphotographs of thick sagittal section of anterior end of paragenophore of Pegosomum asperum.
A — pharynx and prepharynx; B — prepharynx within the fragment outlined by white frame in Part A; B —
prepharynx within the fragment outlined by white frame in Part B.

Abbreviations: ph — pharynx; pph — prepharynx. Scale bars: A — 100 pm; B-D — 10 pm.

Puc. 3. Mukpodororpaduu TOJICTOr0 CaruTTalbHOIO cpe3a MepeaHero Kouia maparenogopa Pegosomum
asperum. A— dapunkc u npedapunkc;. B — npedapunke B ipenenax pparMeHTa, 04epueHHOro 6eoi pam-
xoit Ha pucynke 3A; C — npecdapuHKCe B mpenenax pparmMeHTa, ouepueHHoro 6ernoii pamkoii Ha pucynke 3B.
O6o3nauenus: ph — ¢apunke; pph — npedapunke. Maciurabubie nuneiikn: A — 100 mxm; B—-C — 10 Mxm.

(as P. spiniferum) in the Volga River delta were
published (Dubinin, Dubinina, 1940; Ivanov et
al., 2012). However, the validity of synonymi-
sation of P. asperum with P. spiniferum must
be verified using molecular data on P. asperum
isolate from Canada (type locality of thisspecies).

Molecular data on the Echinostomatidae
obtained in the last decade have contributed to
progress in addressing the taxonomic problems
2015; Tkach et al., 2016; Laidemitt et al., 2019;
Izrailskaia et al., 2021; Pantoja et al., 2021;
Le et al. 2022, 2024; Lépez-Hernandez et al.,
2023; Valaddo et al., 2023). The results of our
predecessors indicate the differentiation of the
echinostomatids into two large clades, respec-

e

2015; Tkach et al., 2016; Laidemitt et al., 2019;
Izrailskaiaetal.,2021; Leetal.,2022,2024). Our
datasupportthisconclusion. To date, these clades
have no definite taxonomic status. We leave this
question open until molecular data are available
for as many echinostomatids as possible.

The results of our phylogenetic analyses
support the findings of Le et al. (2022, 2024) and
Ldpez-Hernandez et al. (2023) that Pegosomum
spp. share the most recent common ancestor
with the type species of the genus Petasiger,
P. exaeretus. The descendants of this ancestor
also include Petasiger sp.1 of Laidemitt et al.
(2019), known from morphologically unde-
scribed cercariae from Radix natalensis (Krauss,
1848), Kenya. Morphological evidence for the
clustering of P. exaeretus with Pegosomum spp.
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AF184260 Echinoparyphium cinctunm
JF820594 Echinoparyphium rubrum
KY436409 Echinoparyphium poulini
MZ409805 Echinoparyphium rubrum
| MZ409803 Echinoparyphium recurvatum
MK482478 Echinoparyphium sp.
GU270100 Echinostomatidae sp. 1
KT956914 Echinoparyphium sp.
KY436410 Echinoparyphium eliisi
MZ409808 Echinoparyphium sp. 2
KT956917 Euparyphium cf. murinum
MZ409814 Hypoderaeum conoideum
KJ542642 Echinoparyphium mordvilkowi
MZ408807 Echinoparyphium sp. 1
MZ409801 Echinoparyphium aconiatum
AY222246 Echinostoma revolutum
EU025867 Echinostoma paraensei
0Q132569 Echinostoma maldoinadoi
KP065600 Echinostoma sp. n.
KPOB5603 Echinostoma sp. n.
94 MZ409809 Echinostoma nasincovae
KPOB5599 Echinostoma revolutum
MZ408810 Echinostoma revolutum
KT956915 Echinostoma ci. revolutum
MZ409811 Echinostoma revolutum
KP065606 Echinostoma sp.
MZ409813 Echinostoma sp. AF231
KY436408 Echinostoma miyagawai
MH748722 Echinostoma miyagawal
OK586835 Echinostoma pseudorobustum
I MTS77827 Echinostoma cinetorchis
L. OP389066 Echinostoma paraulum
KY436407 Echinostoma novaezealandense
1 MK482501 Echinostoma caproni
¢ KP065591 Echinostoma bolschewense
MTS577829 Echinostoma chankensis
KT956922 Neoacanthoparyphium echinatoides
KF781302 Artyfechinostomum sufrartyfex
MK482419 Echinostomatidae sp. 1
MK482484 Echinostomatidae sp. 3
MK482510 Echinostomatidae sp. 2
KT956945 Patagifer bilobus
1| - KT956946 Patagifer vioscai
MK482417 Patagifer sp. 1
MK482511 Patagifer sp. 2
1771 Mz412882 Patagifer vioscai
OP410306 Neomoliniella longicorpa

¢ dNoyoO

OP408064 Neomoliniella longicorpa

1 MZ409815 Maliniella anceps
' mz409819 Echinostomatidae gen. sp.

KT956947 Cathaemasia hians

MK321661 Ribeiroia ondairae
MK482461 Ribeiroia sp. 3
MK482424 Ribeircia sp. 1

MKE48280 Rhopalias macracanthus

MF351544 Drepanocephalus mexicanus

KP683124 Drepanacephalus auritus
005 MF351546 Drepanocephalus spathans
KP009619 Euparyphium capitaneum

KM191800 Petasiger sp. 1
KM191802 Petasiger sp. 2
MZ409817 Neopetasiger sp. 5
KM191807 Petasiger sp. 4
KT956925 Neopetasiger sp.
MZ409816 Neopetasiger islandicus
KM191804 Petasiger sp. 3
KT447522 Chaunocephalus ferox
— MK482437 Isthmiophora sp.
KT956920 Isthmiophora sp.
ABL189982 Isthmiophora hortensis
KT359583 Isthmiophora melis
K'Y 284008 Petasiger phalacrocoracis
MK482447 Petasiger sp. 6
|— KY284010 Petasiger radiatus
[ MK482458 Petasiger sp. 3
MK482470 Petasiger sp. 2
- MK482495 Petasiger sp. 5
|- MK482500 Petasiger sp. 4
KY284009 Petasiger exaeretus
KY945918 Pegosomum saginatum
MK482443 Petasiger sp. 1
PP388212 Pegosomum asperum
KY945919 Pegosomum asperum

T dNOYO

KT956941 Caballerotrema sp. | OUTGROUP
0.02

Fig. 4. Phylogenetic relationships of Pegosomum asperum based on Bayesian inference analysis of sequences
of 28S rRNA gene. Values of posterior probability supports lower than 0.9 are not shown. Newly obtained
sequences are underlined.

Puc. 4. Gunorenerudeckue cBsi3u Pegosomum asperum, peKoHCTpyHUpoBaHHbIE B X0/1e baifecoBckoro aHammsa
nocnenosarenbHocteil reHa 28S pPHK. Ilopnep:kku anocTepuopHbIX BepossTHOCTEH Hibke 0.9 He yka3aHbI.
HoBrie TOCJICA0BATCIIbHOCTU BbIACJICHBI TOAYCPKUBAHUEM.
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AY761146 Cathaemasia hians

MK982815 Rhopalias macracanthus
1 AY761142 Ribeiroia ondatrae

1[

L AY761147 Ribeiroia marini
MK882800 Rhopalias oochi
MK982809 Rhopalias coronatus

. KY636277 Drepanocephalus mexicanus
0.99 4@6??969 Drepanocephalus auritus

0.95

KY636237 Drepanocephalus spathans
KP009616 Euparyphium capitaneum
AY245709 Petasiger phalacrocoracis
KX034047 Petasiger variospinosus
0Q548524 Petasiger sp. 5
ON964653 Petasiger sp. 5
0Q548430 Petasiger sp. 3
KM972995 Petasiger sp.
KM972994 Petasiger sp.
ONB66948 Petasiger sp.
0.95] KM972999 Petasiger radiatus
AY168932 Isthmiophora melis of Kostdinova et al. 2003
KM973000 Petasiger radiatus

MG183690 Petasiger radiatus

OM305105 Petasiger sp.

OM305106 Petasiger sp.

OM305107 Petasiger sp.
— PP388213 Pegosomum asperum
— KY945919 Pegosomum asperum

0.99

1

 KX097838 Pegosomum asperum

1| F KX097837 Pegosomum asperum
 KX097836 Pegosomum asperum
I KX097835 Pegosomum asperum
I KX097834 Pegosomum asperum
I KX097833 Pegosomurm asperum
I KX097832 Pegosomum asperum

I KX097831 Pegosomum asperum
094 | [ KX097830 Pegosomum asperum
 KX097829 Pegosomum asperum
 KX097828 Pegosomum asperum
[ KX097827 Pegosomum asperum

1 [ KX097826 Pegosomum asperum

[ KX097825 Pegosomum asperum

- KX097824 Pegosomum asperum

KY283996 Pelasiger exaeretus

KY945918 Pegosomum saginatum

098 L %097839 Pegosomum saginatum

1 MT577836 Isthmiophora hortensis
{ KT359584 Isthmiophora melis

JX570738 Baschkirovitrema sp.

MK168696 Echinostoma revolutum | OUTGROUP

0.02

Fig. 5. Phylogenetic relationships of Pegosomum asperum based on Bayesian inference analysis of sequenc-
es of ITS2 region. Values of posterior probability supports lower than 0.9 are not shown. Newly obtained

sequences are underlined.

Puc. 5. dunorenernueckue cBsi3u Pegosomum asperum, pekoHcTpynpoBaHHbIe B xoze baifecoBckoro ananmsa
nocnenosarenbHocTeil ITS2 pernona. [lognepkku armocTepuopHbBIX BeposiTHOcTel Himke 0,9 He yka3zaHbI.
HoBrie MOCJICA0BATEIbHOCTH BbIACIICHBI TIOAYEPKUBAHUEM.
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-

r PP400928 Pegosomum asperum
KX097869 Pegosomum asperum

KX097868 Pegosomum asperum
KX097867 Pegosomum asperum
KX097866 Pegosomum asperum
KX097865 Pegosomum asperum

0.90

r KX097863 Pegosomum asperum
KX097862 Pegosomum asperum
KX097861 Pegosomum asperum
KX097859 Pegosomum asperum
KX097858 Pegosomum asperum
‘I 1KX097856 Pegosomum asperum
KX097864 Pegosomum asperum

605297860 Pegosomum asperum
KX097857 Pegosomum asperum

KX097870 Pegosomum saginatum

e
MK534361 Petasiger sp. 1

0Q574001 Petasiger sp. 3
MK534364 Petasiger sp. 3

1 [ 0Q574003 Petasiger sp. 5
MK534340 Petasiger sp. 5

MK534366 Petasiger sp. 2

313

MTS592857 Isthmiophora hortensis

0.93

[

KP053263 Drepanocephalus auritus

KY636284 Drepanocephalus spathans

KY677939 Drepanocephalus auritus

5(‘5336285 Drepanocephalus spathans
KY636286 Drepanocephalus spathans

|1— MK534350 Petasiger sp. 4
L= Aviesoss Isthmiophora melis of Kostadinova et al. 2003

1
1 K

MZ404687 Neopetasiger sp. 5

M191808 Petasiger sp. 1
KM191811 Petasiger sp. 2
—— MZ404684 Neopetasiger islandicus

KM191812 Petasiger sp. 3

KM191817 Petasiger sp. 4
—1f MH369316 Petasiger sp. 4
KT831343 Petasiger sp.

JQ425591 Neopetasiger neacomense

KY636280 Drepanocephalus mexicanus

_{ KY677940 Drepanocephalus auritus
MH368952 Drepanocephalus spathans
MZ404673 Echinostoma revolutum | OUTGROUP

0.2

Fig. 6. Phylogenetic relationships of Pegosomum asperum based on Bayesian inference analysis of sequences
of nadlgene. Values of posterior probability supports lower than 0.9 are not shown. Newly obtained sequences

are underlined.

Puc. 6. Dunoreneruueckue cesa3u Pegosomum asperum, pekoHCTpyHpOBaHHBIE B Xoz1e baiiecoBckoro aHamm3a
nocneaoBarenbHocTel rena nadl. Tlomepsxku anocrepropHbIX BepositHocTeid Hike 0,9 He ykasansl. HoBbie

TOCJICA0BATCIIbHOCTU BbIACIICHBI [TIOAUYCPKUBAHUEM.
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- PP388214 Pegosomum asperum

- KX097853 Pegosomum asperum
- KX097846 Pegosomum asperum
- KX097845 Pegosomum asperum
— KX097843 Pegosomum asperum
- KX097851 Pegosomum asperum
- KX097849 Pegosomum asperum
0.97 |- KX097847 Pegosomum asperum

- KX097844 Pegosomum asperum
- KX097848 Pegosomum asperum
- KX097854 Pegosomum asperum
— KX097841 Pegosomum asperum
- KX097842 Pegosomum asperum
- KX097850 Pegosomum asperum

- KX097840 Pegosomum asperum

— KY945920 Pegosomum asperum

I: KY945921 Pegosomum saginatum
KX097855 Pegosomum saginatum
0Q606524 Petasiger sp. 3

i MW476492 Isthmiophora melis

MT577590 Isthmiophora hortensis

0.04

KP053255 Drepanocephalus auritus

MN496162 Echinostoma revolutum | OUTGROUP

Fig. 7. Phylogenetic relationships of Pegosomum asperum based on Bayesian inference analysis of sequences
of cox1gene. Values of posterior probability supports lower than 0.9 are not shown. Newly obtained sequences

are underlined.

Puc. 7. dunorenernueckue cBa3u Pegosomum asperum, pekoHcTpyHpoBaHHble B xoze baitecoBckoro ananuza
nocieoBaresibHOCTeH rena Cox 1. ITognep:kku anocTepnopHsIX BepositHocTel Hinke 0,9 He yka3ansl. HoBere

TIOCJIEA0BATCIIBHOCTHU BBIACJICHBI IOAYCPKUBAHUEM.

is not obvious, the only similarity being in body
shape and the presence of a massive pharynx (at
least as compared to P. asperum) (Dietz, 1910;
Schachtachtinskaya, 1949; Bychovskaya-Pav-
lovskaya, 1955; NaSincova et al., 1994). Un-
fortunately, only one other marker besides the
28S rRNA gene is available for P. exaeretus and
for Petasiger sp.1 of Laidemitt et al. (2019),
namely, the ITS2 region for the former and the
nadl gene for the latter. The poor resolution
of the phylogenetic relationships of the clades

represented by Pegosomum spp., P. exaeretus
and/or Petasiger sp.1 of Laidemitt et al. (2019)
with other Petasiger spp. does not allow us to
draw a definite taxonomic conclusion about the
genera Pegosomum and Petasiger. So far, two
taxonomic solutions seem equally probable: (i)
retention of the genus Petasiger for P. exaeretus
and erection of separate genera for other Petasi-
gerspp. lineages, or (ii) the abolition of the genus
Petasiger and the transfer of the species of this
taxon to the genus Pegosomum.
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