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ARTICLE INFO ABSTRACT

Two nematode species of the subfamily Synonchinae Platonova, 1970, (Leptosomatidae Filipjev, 1916) were
isolated during deep-sea expeditions to the Kurile-Kamchatka Trench and adjacent area, for morphological and
molecular analyses. One new genus and two new species are described. Platonova gen. nov. differs from other
known Synonchinae genera by the tail shape, by the pronounced division of pharyngostome into 2 parts, by the

. . . presence of one dorsal tooth in the anterior part of pharyngostome, by the presence of cuticular beams and
Phylogenetic relationships A L. i . . .
Scanning electron microscopy microonchia in the posterior part of pharyngostome. Platonova magna sp.nov. is characterised by the combi-
CLCM nation of following characters: very large body size, cheilostome with three mandibular ridge, posterior part of
pharyngostome with 6 cuticular beams 43-51 um long, two ventrosublateral microonchia at about the level of
the middle of the cuticular beams and dorsal microonchium at the base of cuticular beams, one ventral pre-
cloacal supplement, spicules 214-243 um, with wide vellum, capitulum with incision ending in circular fenestra.
Platonova verecunda sp nov. is characterised by the combination of following characters: very large body size,
cheilostome with three mandibular ridges, posterior part of pharyngostome with 6 cuticular beams 19-27 um
long, two ventrosublateral microonchia at the level of apical part of the cuticular beams and dorsal micro-
onchium at the base of cuticular beams, one ventral pre-cloacal supplement, spicules 152-161 um, with wide
vellum, capitulum with circular fenestra. BI and ML phylogenetic analysis based on 18S and 28S rDNA suggest
that Leptosomatidae requires transfer from superfamily Ironoidea (suborder Ironina) to superfamily Enoploidea
(suborder Enoplina). Phylogenetic relationships within the family Leptosomatidae remained unresolved despite
of the various sequences analysed in different loci. Finally, spatial distribution of the described species was
analyzed.
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1. Introduction difficult to study leptosomatids using light microscopy. Therefore, the

simultaneous use of several microscopy techniques (e.g., light, electron

Nematodes are usually encountered in macrofauna communities,
and they often dominate in numbers and are characterized by high
species richness (Brandt et al., 2015; Gunton et al., 2017; Sharma et al.,
2011). However, knowledge of macrobenthic nematodes remains rather
limited, and they are often identified only at the phylum level and not
considered in macrobenthic assemblages. A typical representative deep-
sea macrobenthic nematodes with a high abundance and frequency of
occurrence are leptosomatids. Some species of this family are the lar-
gest free-living nematodes, and their body length can reach up to
50 mm (Tchesunov, 2006). Describing and identifying the nematode
species from this family are often challenging tasks due to the complex
structure of the head end, feeding structures, and copulatory apparatus
of these species. Due to their large size, the thick cuticle often makes it
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scanning, and laser confocal methods), image processing techniques,
and molecular analysis can help overcome data limitations in studies of
marine nematodes. Currently, there are only a few examples of the use
of an integrative approach to study marine free-living nematodes, but
the results obtained in these analyses reflected the high efficiency of
this approach (for example, De Oliveira et al., 2012; Derycke et al.,
2010a; Fonseca et al., 2008; Leduc and Zhao, 2016, 2019).

Examination of the material collected by the German-Russian and
the Russian-German deep-sea expeditions in the North-Western Pacific
revealed that species of the family Leptosomatidae regularly occur in
macrobenthic samples. And some members of the family can be con-
cluded as new to science.

The purpose of this work is to offer an integrative study of the new
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genus and two new species of Leptosomatidae with a discussion of the
systematic position of the family within the order Enoplida.

2. Material and methods
2.1. Study area and sampling

Samples were collected in several locations during KuramBio I
(July-August 2012), SokhoBio (July-August 2015) and KuramBio II
(August-September 2016) expeditions to the Kuril-Kamchatka Trench
and adjacent northwest Pacific at water depths of 3350-9290 m (Fig. 1,
Table 1). Specimens collected by Agassiz trawl (AGT), epibenthic-
sledge (EBS) and giant-boxcorer (GKG). On deck, the sediment from the
AGT was sieved through a 1000-um mesh size, and the upper layer of
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sediment (0-20 cm) from the GKG was carefully sieved through 1000-,
500- and 300-pum mesh sizes. Immediately after sieving, samples from
AGT and GKG were sorted in seawater using stereomicroscopes, and
nematodes were removed and fixed in 10% formalin for morphological
studies and in DESS for DNA studies. On deck, the samples from EBS
were immediately transferred into chilled (—20 °C) 96% ethanol and
kept in a —20 °C freezer for at least 48 h for subsequent DNA studies. In
the laboratories of the ship and in the home institutes, sorting of the
fauna was done on ice in order to avoid DNA decomposition.

2.2. Morphological analysis

Nematodes were picked out from the formalin fixed samples under a
stereoscopic microscope, transferred to glycerin using the Seinhorst’s
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Fig. 1. Map of the investigated area. Dot means sampled station, red dot — presence of Platonova magna sp. nov., green dot — presence of Platonova verecunda sp. nov,
green diamond - Synonchus sp. TCR_206. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Localities, depth and sampling data.

Species Cruise Area  Longitude midpoint [degree north]  Latitude midpoint [degree east] = Average depth [m]  Date [year/month/day]
Platonova magna sp. nov. KuramBio I 3 47.2 154.7 4991 2012/08/04-05
Platonova magna sp. nov. SokhoBio 9 46.2 152.1 3374 2015/07/25-27
Platonova magna sp. nov. KuramBio II A8 43.8 151.8 5152 2016/08/18-20
Platonova verecunda sp. nov.  KuramBio I 3 47.2 154.7 4991 2012/08/04-05
Platonova verecunda sp. nov. KuramBio I 4 47.0 154.5 5756 2012/08/06-07
Platonova verecunda sp. nov.  KuramBio I 11 40.2 148.1 5347 2012/08/29-30
Platonova verecunda sp. nov.  KuramBio II Al 45.9 153.8 8208 2016/08/21-23
Platonova verecunda sp. nov. KuramBio II A2 44.1 151.4 6490 2016/09/18-19
Platonova verecunda sp. nov.  KuramBio II A3 45.2 153.7 5743 2016/09/08-09
Platonova verecunda sp. nov.  KuramBio II A4 45.5 153.2 8724 2016/09/06
Platonova verecunda sp. nov. KuramBio II A6 45.9 152.8 6114 2016/08/25-27
Platonova verecunda sp. nov. KuramBio II A9 44.7 151.5 8235 2016/09/12-17
Platonova verecunda sp. nov. ~ KuramBio II ~ A10 45.0 151.1 5477 2016/09/16
Platonova verecunda sp. nov.  KuramBio II  All 44.2 150.6 9436 2016/09/20-21
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(1959) rapid method as modified by De Grisse (1969), and mounted on
permanent slides. Drawings and DIC (differential interference contrast)
photographs were made on an optical microscope Olympus BX 53 with
the aid of a drawing tube and a digital camera respectively.

Two individuals of each species fixed in formalin were cut to obtain
a piece containing the anterior end. The specimens were then rinsed in
the distilled water. After dehydratation in graded ethanol series and
ethanol-acetone mixture, the specimens were embedded in Spurr resin
(Spur, Sigma). Semithin transverse sections (0.5 um) were cut with a
Leica Ultracat E Ultratome. Obtained sections were stained with me-
thylene blue and examined using light microscope Zeiss Axio Imager
Z.2. The acquired images were then adjusted for contrast and brightness
using the ImageJ image processing software.

Two formalin fixed males of each species were prepared to study the
structure of spicules and head end by the laser scanning confocal mi-
croscopy (LSCM) using natural autofluorescence (Fadeeva and Zograf,
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2010; Zullini and Villa, 2006). The head end and the cloacal part of the
body were cut off, washed with distilled water and then the soft tissues
were removed in 10% solution of sodium hypochlorite (NaOCl), then
washed again with distilled water and glycerol slides were prepared.
Microscopic examination was done using an Olympus BX 53 light mi-
croscope and a confocal microscope Leica LSM SPE. Fluorescence image
stacks were registered in the 488 nm (green) channel. The scanning step
size was usually 0.5mm. The number of optical sections in a series
ranged from 30 to 70, depending on the size of the specimen.

For the scanning electron microscopy, specimens were gradually
dehydrated in a series of baths of increasing ethanol content, dried in a
critical-point dryer, sputtercoated with gold and observed and imaged
with a Ziess Evo 40 scanning electron microscope (SEM). Longitudinal
sections were obtained by cutting the head end along the axis of sym-
metry.

Type specimens are preserved in the collection of the Zoological

Fig. 2. Platonova magna sp. nov. (A) Female head. (B) Male head. (C) Male tail. (D) Female tail. (E) Spicules and gubernaculum, lateral view. (F) Female reproductive

systems, anterior branch. Scale bars: 100 um.
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Museum of Far Eastern Federal University, Vladivostok, Russia.

Abbreviations of the measured variables in the description are: a —
body length divided by maximum body diameter; b — body length di-
vided by pharyngeal length; ¢’ - tail length divided by corresponding
body diameter at cloacal level; c — body length divided by tail length; c.
b. d. - corresponding body diameter (um); L — body length (um); V -
distance of the vulva from the anterior end (um); V (%) — distance of the
vulva from the anterior end as percentage of body length (%).

2.3. Molecular analyses

Nematodes were picked out from the DESS or ethanol fixed samples
under a stereoscopic microscope, mounted on temporary slides with
sterile distilled water and observed at different magnifications using a
light microscope (Olympus BX 53) with differential interference con-
trast, and equipped with a digital camera. After the vouchering DNA
from the whole body of adult nematodes was extracted using a hotshot
extraction method (Truett et al., 2000) in compliance with described
protocol. PCR mixture contained 5ul Go Taq Green Master Mix (Pro-
mega corp, Madison, WI, USA), 0.5 uM of each primer, 3 pl of nuclease-
free water (Ambion) and 1 pl of genomic DNA. Fragments of the nuclear
ribosomal DNA and internal transcribed spacers (18S rDNA, ITS1, 5.8S
rDNA, ITS2 and D2-D3 region of 28S rDNA) and the mitochondrial
cytochrome oxidase c¢ subunit 1 (COI) genes were amplified. For 18S
rDNA, we used the primer set SSU_F_03 and SSU_R 81 (Blaxter et al.,
1998) which amplifies a fragment of ca 1800 bp. The internal tran-
scribed spacer (ITS) region was amplified with the primers Vrain2F and
Vrain2R (Vrain et al., 1992) which amplifies a fragment of ca 1200 bp.
whereas the D2-D3 region of the 28S ribosomal DNA region was am-
plified using the primers D2a and D3b (Nunn, 1992). The length of the
obtained amplicon was 700 bp. For COI, we used the primer set JB3
(Bowles et al., 1992) and JB5 (Derycke et al., 2005) which amplifies a
fragment of ca 400 bp. PCR products were visualized on a 1.5% TBE
agarose gel GelDoc XR + imaging systems (BioRad). Each PCR frag-
ment was purified using Exonuclease I (Exol) and Thermosensitive Al-
kaline Phosphatase (FastAP) (Thermo Fisher Scientific Inc., USA). PCR
products were cycle sequenced using BigDye Terminator v.3.1 Cycle
Sequencing Kit (Applied Biosystems, Inc.), and bidirectionally se-
quenced on an ABI 3130XL automated sequencer. We use additional
primers to sequence 18S rDNA amplicons: SSU_F_24 1 (Meldal et al.,
2007) and SSU_R_13 (Blaxter et al., 1998). MEGA7 (Kumar et al., 2016)
and FinchTV were used to edit and assemble double stranded se-
quences. Also, MEGA7 was used for calculated inter- and intraspecific
COI and ITS (in this article abbreviation for genetic marker contained
ITS1 — 5.8S rDNA - ITS2) K2P distances. ABGD analysis (www.abi.snv.
jussieu.fr/public/abgd/abgdweb.html, Puillandre et al., 2012) was used
for species delimitation and establish taxonomic status of sequenced
specimens, using relative gap width (X = 1.0) and intraspecific diver-
gence (P) values between 0.005 and 0.100 with the K2P model.

The obtained sequences were aligned using M-Coffee (Wallace et al.,
2006) integrated into the T-Coffee software. PartitionFinder 2.1.1
(Lanfear et al., 2012) was used to select the best-fit partitioning scheme
and models separately for each codon position of COI as well as ribo-
somal loci using the greedy algorithm with linked branch lengths for
the corrected Bayesian Information Criterion. The best models of nu-
cleotide substitution for ribosomal loci was GTR (Tavare, 1986) plus I
(a proportion of invariable sites) whereas for 1 and 3 COI codon posi-
tions the best models were HKY + G (Hasegawa et al., 1985) and
F81 + G (Felsenstein, 1981) for 2 position. Sequences of Platonova
magna sp. nov. and P. verecunda sp. nov. obtained in this study have
been deposited in GenBank (accession numbers MK007141-MK007146
for COI, MK007570-MKO007575 for 18S rDNA, MK007576-MK007581
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Fig. 3. Platonova magna sp. nov. Light microscopy (A) Female body. (B) Male
body. Scale bars: 1000 pm.

for ITS1 — 5.8S rDNA - ITS2 and MK007564-MK007569 for 28S rDNA).

SSU rDNA and LSU rDNA sequences were used for analyses of the
position of the family Leptosomatidae in order Enoplida and LSU rDNA
and COI sequences were used to resolve phylogenetic relationships
within leptosomatids. Each tree was made by Bayesian Inference and
Maximum likelihood, however, we show only a Bayesian tree with the
addition bootstrap supports in the branch nodes of ML tree with the
same topology. In addition to our sequences, we used GenBank data and
only sequences longer than 1550 bp and 590 bp were included in the
final SSU and LSU phylogenetic analyses respectively. For COI phylo-
geny we used 13-M11 region longer than 320 bp. Bayesian phylogenetic
analyses were conducted with MrBayes v. 3.2.7 (Ronquist and
Huelsenbeck, 2003). Bayesian Inference was performed with two in-
dependent runs of Metropolis-coupled Markov chain Monte Carlo
analyses, with each run comprising one cold chain and three heated
chains at a heating temperature of 0.06 for 18S tree and default tem-
perature of 0.1 for 28S tree. The chains were run for 5 million gen-
erations and sampled every 500 generations. A burn-in of 500,000
generations (or 10% of the sampled trees) was used. Moreover, trace
files were visually inspected in Tracer 1.7 (Rambaut et al., 2018).
RAXML v. 8.2.4 (Stamatakis, 2006) was used to conduct a maximum
likelihood (ML) and bootstrap analysis (1000 replications) using the
GTR plus G model. FigTree v. 1.4.4 was used to visualize phylogenetic
trees after analysis.

3. Results
3.1. Morphological analysis
Family Leptosomatidae Filipjev, 1916

Subfamily Synonchinae Platonova, 1970
Diagnosis (from Platonova, 1976).
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Cephalic capsule short, rather thin-walled, but distinctly developed. with numerous long setae. Photosensitive eyes absent.
Cephalic suture may be straight, but often bends and forms lobes and
grooves. Interlobular grooves wide and not divided into furrows; List of valid genera (Bezerra et al., 2019)
formed by smoother curve of cephalic suture. All grooves identical in Anivanema Platonova, 1976
shape; lateral ones, in which amphids are located, do not differ in any Corythostoma Hope and Murphy, 1972
way from the rest. Amphids may be situated inside lateral grooves as Eusynonchus Platonova, 1970
well as below level of cephalic suture. Cephalic ring narrow. Oral cavity Macronchus Inglis, 1964
small, often armed with onchia. Nerve ring encircles pharynx most Paratuerkiana Platonova, 1970
often in its anterior third. Tail in majority of genera stretched but cla- Sadkonavis Platonova, 1979
viform at end. Posterior end in males covered with a large number of Synonchoides Wieser, 1956
setae. Preneural part of body in both male and female usually covered Synonchus Cobb, 1894

Fig. 4. Platonova magna sp. nov. A-B, D-H light microscopy, DIC. C confocal microscopy. (A) Anterior end of male. (B) Anterior end of male. (C) Head capsule of male.
(D) Male copulative apparatus. (E) Supplementary organ. (F) Male copulatory apparatus. (G) Male copulatory apparatus. (H) Male tail. Scale bars: 100 pm.
Abbreviations: a - amphid; mr - mandibular ridge; dfg - dorsal pharyngeal gland; hc - head capsule; mo - microonchium; p - cuticular beams; sup - supplementatry
organ.
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Triaulolaimus Platonova, 1979
Tuerkiana Platonova, 1970
Genus Platonova gen. nov.

Genus description. Synonchinae. Very large nematodes. Cephalic
capsule relatively long, interlobular grooves wide. Three well-devel-
oped lips. Amphideal fovea big, pocket-shaped, located in lateral
grooves. Six small inner labial papillae (2 on each lip); six outer labial
setae and four cephalic setae in one circle, relatively equal in length.
Short post-amphideal setae present. Cheilostome with three mandibular
ridge, odontia present. Single dorsal onchium in the anterior part of
pharyngostome. The posterior part of pharyngostome is reinforced with
6 cuticular beams (each 2 on the dorsal and two ventrosublateral sec-
tors) and contains microonchia. Female amphidelphic, gonads anti-
dromic. Male diorchic, testes opposed and outstretched. Spicules
curved, gubernaculum with dorsal and ventral processes. Pre-cloacal
ventromedian supplement and subventral pre-cloacal sensilla present.
Tail conical anteriorly, filiform posteriorly.

Etymology. The genus name is given in honour of Tatyana
Alekseevna Platonova, a russian nematologist who intensively studied
the family Leptosomatidae
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Differential diagnosis. The new genus differs from other known
Synonchinae genera by the following characters: tail shape (conical
anteriorly and filiform posteriorly), pronounced division of phar-
yngostome into 2 parts, one dorsal tooth in the anterior part of phar-
yngostome, 6 cuticular beams and microonchia in the posterior part of
pharyngostome. Moreover, the structure and armature of the stoma
sharply distinguish the new genus from all other genera of the family
Leptosomatidae.

Richard Warwick (1973) has described Synonchus alisonae (from the
Indian ocean) with a very similar to Platonova gen. nov. set of char-
acters according to the presented drawings (tail with filiform part,
presence of cuticular beams and microonchium in pharyngostome),
however, did not provide their explanation in the text. We state that
this species belongs to genus Platonova gen. nov.

Remark. Platonova gen. nov. resembles Metacylicolaimus

(Cylicolaiminae) in the tail shape, funnel-shaped buccal cavity, well-
developed dorsal tooth, presence of pre-cloacal ventromedian supple-
ment, absence of photosensitive eyes. However, in addition to the al-
ready mentioned differences in the structure and armature of phar-
yngostome, in Metacylicolaimus species cephalic capsule is less
developed and armature absent in cheilostome.

.
.
'

'

Fig. 5. Platanova magna sp.nov. Extracted copulatory apparatus of male. (A-C) Light microscopy, DIC. (D-S) Confocal microscopy. (A-C) Copulatory apparatus at
different focal planes, lateral view. (D-K) Copulatory apparatus at different angles of view (from ventral (D) to dorsal (K)). (L-S) Copulatory apparatus at different
angels of view (from subventral (L) to dorsal (N-Q) and subdorsal (S)). Scale bars: A-K — 100 um; L-S — 50 um. Abbreviations: i - incision; f - fenestra.
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Type species. Platonova magna gen. et sp. nov.

Platonova magna gen. et sp. nov.

(Figs. 2-10, Table 2)

Measurements. See Table 2.

Type material. Three males (holotype and two paratypes) and
three females (paratypes). The type species are deposited in the
Zoological Museum of Far Eastern Federal University, Vladivostok,
Russia (MN SB 9-9 Pm1). Paratypes are deposited in the Zoological
Museum of Far Eastern Federal University, Vladivostok, Russia (MN SB
9-9 Pm1 and MN SB 9-9 Pm2).

Etymology. The species name is derived from the Latin magna
(=great) and refers to the well-developed armature of buccal cavity of
this species.

Description. Males.

Body large, cylindrical, tapering from about the level of the cardia
towards the head (Fig. 3B). Cuticle thick, marked with fine transverse
striations. Head blunt, rounded, bounded by three rounded lips each
bearing a pair of small conical labial papillae (Figs. 2A, 4A, 10A, D). Six
outer labial setae and four cephalic setae in one circle, equal in length,
15-20% cbd long, with nerve process often visible. There are two or
three short setae about 60 um posterior to amphid and a few other short
setae scattered posteriorly to about the level of the nerve-ring. Cephalic
capsule without prominent anterior lobes or tropis; six posterior lobes
present. Interlobar incisions wide, simple, without posteriorly-directed
arms; posterior lobe margin smooth (Figs. 2A, 4B, C). Amphids pocket-
shaped with relatively small aperture, 7-9 um wide by 3-5um high
(Figs. 2A, 4B, 10D).
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Cheilostome with three complexes of fused mandibular ridges and 2
odontia, ventrosublateral ones are about 5-6 pm wide and dorsal one is
about 2-3 um (Figs. 8a, 10B, G, I). The pharyngostome varies in ap-
pearance depending on the angle from which it is viewed. It is basically
conical, anterior part contains a large solid dorsal tooth, ventrosu-
blateral teeth absent. The posterior part of pharyngostome with 6 cu-
ticular beams (each 2 on the dorsal and two ventrosublateral sectors),
43-51 pm long. There are two ventrosublateral microonchia at about
the level of the middle of the cuticular beams and dorsal microonchium
at the base of cuticular beams (Figs. 2A, 4A, 8j, k, 10H).

Dorsal pharyngeal gland lies in the center of the dorsal sector and
opens into the posteriormost part of the buccal cavity (Figs. 4A, 8l).
Subventral glands lie in the center of respective sector between the
radial muscles (Fig. 8i, g). Near the base of anterior part of the phar-
yngostome subventral gland cells become continuous with a cuticularly
lined ducts which proceed anteriorly in the cheilostome, the locations
of the external orifices are uncertain (Fig. 8b—f). Subdorsal pharyngeal
glands are sometimes well seen but in the anterior part of the pharynx
each gland becomes very thin, imperceptible and not observed in serial
cross sections of the head end. Pharynx largely muscular, undivided,
cylindrical, slightly tapered anteriorly. Renette absent.

Lateral hypodermal chords with numerous large epidermal glands
and loxometanemes of type I with caudal filaments (Fig. 9A-G). The
ends of caudal filaments are often difficult to detect and exact number
and length of metanemes cannot be determined.

Male reproductive system diorchic with opposed testes in left po-
sition to the intestine. Anterior gonad 6351 um, posterior one 2055 pum.

Fig. 6. Platanova magna sp.nov. (A-D) Light
microscopy, DIC. (E-F) Scanning electron
microscopy (A) Anterior end of female. (B)
Female head end. (C) Female head end. (D)
Female tail. (E) Female tail. (F) Female head
end. Scale bars: A - 1000 pm; B-E - 100 pm;
F - 10 um. Abbreviations: a - amphid; an -
anal opening; hs - head setae; mo - micro-
onchium; ols - outer labial setae; p - cuti-
cular beams.
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Vas deferens heavily muscled (Fig. 9H), 8156 um. Pre-cloacal ven-
tromedian supplement present, 1.1-1.2 abd anterior to cloaca (Figs. 2C,
4D, E, 10C, F, J). Two rows of subventral peri-cloacal setae present
(Figs. 4F, 10C, F). There are 6-9 setae in each row between cloaca and
supplement, 18-23 anterior to supplement and 6-8 posterior to cloaca.

Spicules paired, fusiform, 1.3 abd long. Capitulum well developed,
wide, with incision and circular fenestra. Spicules are usually somewhat
twisted (Fig. 5D-K, L-S), and the structure of the capitulum is often not
obvious in light microscope (Fig. 4D, F, G). Calomus indistinct. Lamina
with wide vellum. Gubernaculum composed of two symmetrical wings,
joined together by one centered ventral piece, crura with membrane
embracing the spicule and with ventral expansion of an intricate shape.
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Tail conical anteriorly, filiform posteriorly, with scattered short
setae (Fig. 2C, 4H, 10K). Caudal glands absent.

Females. Similar to males, but with one short setae about 25 um
posterior to amphid (few other short setae scattered posteriorly to
about the level of the nerve-ring) and slightly shorter on tails.
Reproductive system amphidelphic with two opposed and reflexed
ovaries (Fig. 2F, 7A, B); in two females both branches to the left of
intestine and in one female to the right of intestine. Vulva situated
at ~ 1/2 of body length. Anterior ovary 1656-2934 um, posterior one
2284-2450 um, anterior uterus 983-1249 and posterior one
970-1200 pm; mature eggs 210-241 um wide by 746-1151 um long.
The oviduct differentiated into a narrow part with collapsed lumen and

Fig. 7. Platonova magna sp. nov. Light microscopy, DIC. (A) Female reproductive system. (B) Female reproductive system, anterior branch. (C) Ovary and oviduct. (D)
Vulvar region and uterus with egg. (E) Vulvar region. (F) Narrow part of the oviduct. (G) Wider part of the oviduct and uterus. Scale bars: A, B - 1000 um; C-G
-100 um. Abbreviations: ov - oviduct; ut - uterus.



V.V. Mordukhovich, et al.

wider part (close to the uterus) (Fig. 7C, F, G). Spermathecae absent,
the sperm cells scattered along the uterus and expanded part of oviduct.
Locality. Eastern slope of the Kuril Islands and abyssal of the North-
eastern Pacific, water depth 3374-5152m (Fig. 1, Table 1).
Diagnosis and relationships. Platonova magna sp. nov. is char-
acterised by the combination of following characters: very large body
size, cheilostome with three complexes of fused mandibular ridges and
2 odontia (ventrosublateral ones about 5-6 ym wide and dorsal one
about 2-3 um), posterior part of pharyngostome with 6 cuticular beams
43-51 pm long, two ventrosublateral microonchia at about the level of
the middle of the cuticular beams and dorsal microonchium at the base
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of cuticular beams, one ventral pre-cloacal supplement situated
190-210 pm anterior to cloaca, spicules 214-243 pm, with wide vellum,
capitulum with incision ending in circular fenestra.

Platonova magna sp. nov. can be differentiated from P. alisonae by
the larger body size (18333-23615pum vs 10030-11700 um), by the
number of supplements (1 vs 2), by the presence of vellum. Platonova
magna sp. nov. differs from P. verecunda sp. nov. in the length of cuti-
cular beams in pharyngostome (43-54 um vs 19-27 um), in the position
of ventrosublateral microonchia (middle vs anterior part of the cuticular
beams), and in the length of spicules (214-243 pym vs 152-161 pm).

Nucleotide sequences. GenBank accession numbers MK007141 -

Fig. 8. Platonova magna sp.nov. Anterior end of the male showing levels of sectioning (scale bar - 100 um). Light microphotographs of transverse sections. Dorsal to
the left. (a) Mouth opening at the level of mandibular ridges. (b) Buccal cavity at the level of ventrosublateral pharyngeal gland ducts. (c) Buccal cavity at the level of
head capsule. (d) Buccal cavity at the level of dorsal onchium. (e) Buccal cavity at the level of amphids and head setae. f. Buccal cavity at the level of amphids. (g)
Buccal cavity at the level of ventrosublateral pharyngeal glands and cuticular beams. (h) Buccal cavity at the level of ventrosublateral microonchium and cuticular
beams. (i) Buccal cavity at the level of ventrosublateral microonchia and cuticular beams. (j) Buccal cavity at the level of dorsal microonchium and cuticular beams.
(k) Posterior part of the buccal cavity at the level of dorsal microonchium and cuticular beams. (1) Posteriormost part of the buccal cavity. Scale bars: 10 pm.
Abbreviations: a - amphid; dmr - dorsal mandibular ridge; ds - dorsal side; fg - pharyngeal gland; fgd - pharyngeal gland duct; hc - head capsule; mo - microonchium; o
- dorsal onchium; odfg - orifice of the dorsal pharyngeal gland; p - cuticular beams; vlmr - ventrosublateral mandibular ridge.
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MKO007143 (COI), MK007570 - MK007572 (18S rDNA), MK007576 -
MK007579 (ITS1 — 5.8S rDNA - ITS2) and MK007564- MK007566
(28S rDNA).

Platonova verecunda sp. nov.

Measurements. See Table 2.

Type material. Three males (holotype and two paratypes) and
three females (paratypes). The type species are deposited in the
Zoological Museum of Far Eastern Federal University, Vladivostok,
Russia (MN KBII 98 Pv1). Paratypes are deposited in the Zoological
Museum of Far Eastern Federal University, Vladivostok, Russia (MN
KBII 98 Pv1 and KBII 103 Pv1l).
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Etymology. The species name is derived from the Latin verecunda
(=modest) and refers to the moderately developed armature of buccal
cavity of this species.

Description. Males.

Body large, cylindrical, tapering from about the level of the cardia
towards the head (Fig. 12A). Cuticle thick, marked with fine transverse
striations. Head blunt, rounded, bounded by three rounded lips each
bearing a pair of small conical inner labial papillae (Figs. 11B, 17C, D).
Six outer labial setae and four cephalic setae in one circle, equal in
length, 17-26% cbd long, with nerve process often visible. There are
2-4 short setae about 40-60 um posterior to amphid and a few other

Fig. 9. Platonova magna sp. nov. Light microscopy, DIC. (A) Pharyngeal region with large epidermal glands, ventral view. (B) Lateral hypodermal chord with large
glands and metanemes, lateral view. (C) Epidermal gland, ventral view. (D) Epidermal gland and metaneme, lateral view. (E-G) Metanemes. (H) Male reproductive
system (vas deferens and vesicula seminalis), lateral view. Scale bars: 100 pum. Abbreviations: m - metaneme; s - scapulus, vd - vas deferens; vs - vesicula seminalis.
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short setae scattered posteriorly to about the level of the nerve-ring
(Fig. 17A, B). Cephalic capsule without prominent anterior lobes or
tropis; six posterior lobes present. Interlobar incisions wide, simple,
without posteriorly-directed arms; posterior lobe margin smooth
(Fig. 11B). Amphids pocket-shaped with relatively small aperture,
7-9 um wide by 3-5 pm high (Fig. 17B, D, J, K).

Cheilostome with three mandibular ridges (Fig. 16a). The phar-
yngostome conical, anterior part contains a large solid dorsal tooth,
ventrosublateral teeth absent. The posterior part of pharyngostome
with 6 weakly developed cuticular beams (each 2 on the dorsal and two
ventrosublateral sectors), 19-27 um long. There are two ventrosu-
blateral microonchia at the level of apical part of the cuticular beams
and dorsal microonchium at the base of cuticular beams (Figs. 14A,
l6e-g, 17H, D).
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Dorsal pharyngeal gland lies in the center of the dorsal sector and
opens into the posterior part of the buccal cavity (Fig. 16h). Subventral
glands lie in the center of respective sector between the radial muscles
(Fig. 16e-h). Near the base of anterior part of the pharyngostome
subventral gland cells become continuous with a cuticularly lined ducts
which proceed anteriorly in the cheilostome, the locations of the ex-
ternal orifices are uncertain (Fig. 16b-d). Subdorsal pharyngeal glands
sometimes are well seen but in the anterior part of the pharynx each
gland becomes very thin, imperceptible and not observed in serial cross
sections of the head end. Pharynx largely muscular, undivided, cy-
lindrical, slightly tapered anteriorly. Renette absent.

Lateral hypodermal chords with numerous loxometanemes of type I
with caudal filaments (Fig. 14D-E). The ends of caudal filaments are
often difficult to detect and exact number and length of metanemes

Fig. 10. Platonova magna sp. nov. Scanning
electron microscopy. (A) Male anterior end.
Subventral view. (B) Mouth opening with
mandibles. (C) Posterior end of the male,
ventral view. (D) Male head, anterior view.
(E) Longitudinal section through the buccal
cavity with  cuticular plates. (G)
Longitudinal section through the anterior
part of buccal cavity with dorsal onchium.
(H) Posterior part of buccal cavity with
ventrosublateral microonchium. ()]
Precloacal region of the male, ventral view.
(I) Mandibular ridge. (J) Supplementary
organ. (K) Male tail tip. Scale bars: A, D; E —
10 um; B, G, H, I, J - 2 um; F, K- 20 pm; C -
100 um. Abbreviations: a - amphid; c -
cloacal opening; dmr - dorsal mandibular
ridge; hc - head capsul; hs - head setae; ilp -
inner labial papillae; mg - mandibular ridge;
mo - microonchium; o - dorsal onchium; od -
odontium; ols - outer labial setae; p - cuti-
cular beams; ps - precloacal setae; sup -
supplementary organ; vlmr - ventrosu-
blateral mandibular ridge.
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Table 2

Morphometrics (um) of Platonova magna sp. nov. and Platonova verecunda sp. nov.

Progress in Oceanography 178 (2019) 102160

Platonova magna sp. nov.

Platonova verecunda sp.

nov.

HTS d d Q Q Q HTS d d Q Q Q
Amphid from anterior end 38 27 38 26 37 30 28 31 32 30 27 27
Anal body diam. 183 187 163 151 175 170 123 171 158 150 133 121
Beam length 53 45 43 47 51 54 25 25 27 27 19 25
Head diam. at level of cephalic setae 74 65 70 75 76 73 56 64 65 65 57 59
L 20,399 19,903 18,333 19,890 21,250 23,615 18,029 21,518 20,159 21,902 15,857 17,670
Length of cephalic setae 14 12 13 11 13 12 13 12 16 17 14 10
Maximum body diam. 430 383 335 305 397 395 278 325 305 300 235 245
Nerve ring from anterior end 750 753 765 790 833 803 661 775 765 667 645 569
Pharyngeal length 2350 2239 2298 2298 2537 2486 2046 2176 2026 2060 2025 1981
Spicule length 239 243 214 - - - 152 161 160 - - -
Supplement from cloaca 210 210 190 - - - 170 294 233 - - -
Tail length 704 665 735 671 679 617 778 767 697 661 663 758
A - - - 9358 10,845 11,906 - - - 10,948 7988 8494
V (%) - - - 47.0 51.0 50.4 - - - 50,0 50,4 48.1
a 47.4 52.0 54.7 65.2 53.5 59.8 64.9 66.2 66.1 73.0 67.5 72.1
b 8.7 8.9 8.0 8.7 8.4 9.5 8.8 9.9 10.0 10.6 7.8 8.9
c 29.0 29.9 24.9 29.6 31.3 38.3 23.2 28.1 28.9 33.1 23.9 23.3
c 3.8 3.6 4.5 44 3.9 3.6 6.3 4.5 4.4 4.4 5.0 6.3

cannot be determined.

Male reproductive system diorchic with opposed testes in left po-
sition to the intestine. Anterior gonad 5316-5739 um, posterior one
989-3674 um. Vas deferens heavily muscled, 7204-10636 um. Pre-
cloacal ventromedian supplement present, 1.4-1.7 abd anteriorly to
cloaca (Figs. 13D, 17E, F). Two rows of subventral peri-cloacal setae
present (Fig. 17E, G). There are 6-7 setae in each row between cloaca
and supplement, 7-8 anterior to supplement and 4-5 posterior to
cloaca.

Spicules paired, fusiform, 0.9-1.2 abd long. Capitulum well devel-
oped, wide, with circular fenestra (Fig. 13H, J). Because of the small
torsion of spicules, the structure of the capitulum is often not obvious.
Calomus indistinct. Lamina with a well pronounced “crack” on the
dorsal side, wide vellum present (Fig. 13G, H). Gubernaculum com-
posed of two symmetrical wings, joined together by one centered
ventral piece, and the crura with membrane embracing the spicule and
ventral expansion of an intricate shape.

Tail conical anteriorly, filiform posteriorly, with scattered short
setae.

Females. Similar to males. Reproductive system amphidelphic with
two opposed and reflexed ovaries (Figs. 11F, 15A, B); in two females
both branches to the left of intestine and in one female anterior ovary to
the right of intestine while location of posterior ovary is unclear. Vulva
situated at ~1/2 of body length. Anterior ovary 1667-2564 um, pos-
terior one 1650-2428 um, anterior uterus 596-908 and posterior one
906-917 um; mature eggs 152-165 pm wide and 702-708 pm long. The
oviduct differentiated into a narrow part with collapsed lumen and
wider part (close to the uterus) (Fig. 15C, F). Spermathecae absent, the
sperm cells scattered along the uterus and expanded part of oviduct
(Fig. 15F, G).

Locality. Kurile-Kamchatka Trench, water depth 4991-9436 m
(Fig. 1, Table 1); off coast California, 32° 47’ 52.32” N 120° 22’ 18.36”
W, water depth 2695 m (Bik et al., 2010a, 2010b).

Diagnosis and relationships. Platonova verecunda sp.nov. is char-
acterised by the combination of following characters: very large body
size, cheilostome with three mandibular ridges, posterior part of
pharyngostome with 6 cuticular beams 19-27 ym long, two
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ventrosublateral microonchia at the level of apical part of the cuticular
beams and dorsal microonchium at the base of cuticular beams, one
ventral pre-cloacal supplement situated 170-294 pm anterior to cloaca,
spicules 152-161 um, with wide vellum, capitulum with circular fe-
nestra.

Platonova verecunda n. sp. can be differentiated from P. alisonae by
the larger body size (15857-21902 pym vs 10030-11700 um), by the
number of supplements (1 vs 2), and by the presence of vellum.
Platonova verecunda n. sp. differs from P. magna n. sp. in the shorter
cuticular beams in pharyngostome (19-27 um vs 43-54 um), in the
position of ventrosublateral microonchia (anterior vs middle part of the
cuticular beams), and in the shorter spicules (152-161um vs
214-243 pm).

Nucleotide sequences. GenBank accession numbers MK007144 -
MKO007146 (COI), MK007573 - MK007575 (18S rDNA), MK007581 -
MKO007583 (ITS1 - 5.8S rDNA - ITS2) and MK007567- MK007569 (28S
rDNA).

3.2. Molecular analysis

3.2.1. DNA barcoding

A total of 3 specimens of each species were sequenced. The final
alignment of the COI barcode region yielded 393 base pairs. The total
pairwise K2P distance within P. magna sp. nov. ranged from 0.015 to
0.023, which is based on ten nucleotide substitutions. Three individuals
of P. verecunda sp. nov. differed for two nucleotide substitutions (K2P
distances 0.003-0.005). Most substitutions within species were ob-
served only in the third position of the codons. Each sequenced spe-
cimen had a unique haplotype for the COI gene.

The average interspecific K2P distance (COI) between P. magna sp.
nov. and P. verecunda sp. nov. was 0.128. Four nonsynonymous sub-
stitutions at positions 10, 86, 88, and 95 were observed between these
species. The high differences between the two new species were also
confirmed by ABGD analysis, which yielded 2 operational taxonomic
units (OTU) using a 0.019-0.072 intraspecific divergence. We com-
bined the COI sequences of two new species to compute the intergeneric
distances within the family Leptosomatidae. A comparison of the
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F

Fig. 11. Platonova verecunda sp. nov. (A) Female head. (B) Male head. (C) Male tail. D. Female tail. E. Spicules and gubernaculum, lateral view. F. Female re-

productive system, anterior branch. Scale bars: 100 um.

obtained species with other members of the family Leptosomatidae
yielded the following results: Thoracostoma microlobatum (FN433817 —
FN433818) — 0.260, Deontostoma sp. (FN433822 - FN433826) —
0.294, Thoracostoma trachygaster (FN433775 — FN433816) — 0.325,
Synonchus sp. (MG659564) — 0.336, and Pseudocella sp. (FN433827 —
FN433832) — 0.348. The obtained data indicate a notable divergence
between the two new species and the genus Platonova in the family
Leptosomatidae reported here.

The length of the locus ITS varied among species, with counts of
1280-1281 bp for P. magna sp. nov. and 1268 bp for P. verecunda sp.
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nov. The average pairwise K2P distance within each species was 0.005,
which is based on nine nucleotide substitutions. Likewise, each ITS
sequence relates to a unique haplotype.

P. magna sp. nov. and P. verecunda sp. nov. diverged at a 0.140 K2P
distance (ITS). This high divergence is based on 160 parsimony-in-
formative sites. In GenBank, only 2 species of Leptosomatidae contain
ITS sequences: Thoracostoma microlobatum (FN433924) and T. trachy-
gaster (FN433917- FN433923). The first species diverged from P. magna
sp. nov. and P. verecunda sp. nov. at 0.364 and 0.357, respectively. The
second species varied at 0.394 and 0.403.
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3.2.2. Phylogenetic relationships

The total length of the 18S rDNA after assembly and alignment was
1798 bp. Among the members of order Enoplida moderately supported
(Bayesian posterior probability, PP = 0.84; Maximum likelihood boot-
strap value percent, ML = 35), the primary clade was formed by the
family Ironidae, which includes most of the genera identified
(Dolicholaimus, Ironus, Trissonchulus) (Fig. 18). Bayesian inference (BI)
phylogeny revealed a well-supported polytomy node (PP = 0.94), in-
cluding 7 primary clades of Enoplida nematodes. Tripyloididae (Tri-
pyloidina) was placed as a sister to the clade uniting Trischistomatidae,
Trefusiidae and Trischistomatidae (Trefusiina) with moderate support
(PP = 0.96; ML = 54). The genus Syringolaimus formed a well-sup-
ported clade (PP = 1; ML = 99) with Campydora and Rhabdolaimus
(Campydorina). Members of the family Oxystominidae (Ironina)
formed three clades and a later branching clade (genus Halalaimus) as
sister to the Oncholaimina clade. The monophyly of Enoplina was
strongly supported (PP = 1), although the basal node was not resolved
by BL. Two clades were formed by the genera Chaetonema and Ano-
plostoma (Anoplostomatidae), and the third clade included Leptoso-
matidae, Anticomidae, Enoplidae, Phanodermatidae and Thor-
acostomatidae. Bayesian analysis did not resolve the Enoplidae and
Phanodermatidae groups; however, ML analysis divided these families
with moderate support (ML = 52). Maximum likelihood analysis con-
siders Anticomidae as the earliest branching lineage within Enoplina, so
the ML and BI topologies differed.

A similar topology with lower support was identified based on the
BI of 28S rDNA with a total length after alignment of 786 bp and two
members of the order Triplonchida as the outgroup (Fig. 19). The base
of the tree constituted a well-supported (PP = 1; ML = 100) politomy
node that included 5 primary clades of Enoplia nematodes. The first
moderately supported clade (PP = 0.91; ML = 54) united Alaimus sp.
(Alaimina) and Syringolaimus sp. (Campydorina). The second and third
clades were strongly supported (PP = 1; ML = 100) and contained
members of Oncholaimidae (Oncholaimina) and Tripyloididae (Tripy-
loidina), respectively. Fourth clade uniting members of Oxystominidae
(Ironina) were poorly supported (PP = 0.66; ML = 36); however, fur-
ther divergence is related to well-supported sister clades (PP = 1;
ML = 97-100), including Oxystomina sp. and sisters Thalassoalaimus sp.
and Litinum sp. The fifth clade was very poorly supported (PP = 0.57;
ML = 24) and contained another member of Ironina — Dolicholaimus sp.
- rendering that suborder paraphyletic. The sister clade to Dolicholaimus
sp. was the well-supported (PP = 0.94; ML = 72) monophyletic and
moderately resolved group Enoplina. Anoplostomatidae was the earliest
branching lineage after which the two sister clades, namely, a strongly
supported clade (PP = 1; ML = 100) uniting Enoplidae, Phanoderma-
tidae, and Thoracostomopsidae nematodes and the well supported
(PP = 0.99; ML = 81) Leptosomatidae, formed, although the support
for this divergence was poor (PP = 0.68; ML = 53). Enoplidae were
shown to be paraphyletic, although Phanodermatidae and Thor-
acostomopsidae were shown to be well-supported (PP =1;
ML = 97-100) monophyletic groups.

The BI phylogeny revealed two well-supported sister clades
(PP = 0.88; ML = 72 and PP = 0.99; ML = 80, respectively) of the
family Leptosomatidae, one including Leptosomatides sp. and
Thoracostoma trachygaster, and one including the remaining leptoso-
matids. The earliest branching lineage of the second clade was another
species of the genus Thoracostoma — T. microlobatum — rendering this
genus paraphyletic. Further evolution is related to the consecutive di-
vergence of Deontostoma (PP = 0.54; ML = 32) and Pseudocella
(PP = 0.99; ML = 64). The later branching clade united two new spe-
cies, Platonova magna sp.nov. and P. verecunda sp.nov., which were well
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Fig. 12. Platonova verecunda sp.nov. Light microscopy. A. Male body. B. Female
body. Scale bars: 1000 pm.

supported (PP =1; ML = 91), as Synonchus sp. (HM564859) and
Platonova verecunda sp.nov. are in the same clade. The topology of the
maximum likelihood tree was congruent with the BI phylogeny in all
major clades, although ML analysis resolved the topological issues at
the base of the tree with poor support.

The BI phylogeny using COI (399 bp after alignment) did not com-
pletely resolve the relationships within the family Leptosomatidae
(Fig. 20). Thoracostoma trachygaster was the earliest branching lineage
and sister to other leptosomatids, but this node was poorly supported
(0.52). Platonova magna and P. verecunda species were sisters to Thor-
acostoma microlabatum, and the received clade was a sister to Deontos-
toma. Synonchus was a sister (PP = 0.59) to the clade including ap-
parently different Pseudocella species.

4. Discussion
4.1. Morphological analysis

The results of our observations are consistent with data from pre-
vious studies, and they confirm the generalizations proposed by Hope
(1982) about the structure of the head end of Leptosomatidae, in-
cluding representatives of Synonchinae. This finding also applies to the
structure of the head capsule, the stome armature, and the location of
the pharyngeal glands. Two points should be noted. First, the paired
protuberances found in the cheilostome of many representatives of
Synonchinae seem to be identical to the structures observed for Plato-
nova, such as odontia fused with a mandibular ridge. Using a light
microscope, this complex looks like a furcate mandible. This complex
was described by Platonova (1979) as jaws or forklets. Second, the
features of the structure and armature of the pharyngostome that we
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Fig. 13. Platonova verecunda sp. nov. A - I light microscopy, DIC. J, K - confocal microscopy. A. Anterior end of the male. B. Posterior end of male. C. Mail tail tip. D.
Cloacal region of the male. E - G. Extracted copulatory apparatus of male at different focal planes (dorsal view). H, I. Extracted spicules and gubenaculum, lateral
view. J. Spicules and gubernaculum, lateral view. K. Spicules and gubernaculum, dorsal view. Scale bars: A-H, J, K - 100 pm; I - 50 um. Abbreviations: cr - “crack” on

the spicules; f - fenestra; g - gubernaculum; s - spicules.

identified have not been previously described in the literature.

Considerable attention in the identification of nematodes, and in
particular Leptosomatidae, is usually given to the structure of the male
genital apparatus. However, our research suggests that the interpreta-
tion and investigation of the structure of spicules and the gubernaculum
using light microscopy require great care due to both the peculiarity of
their structure (a large number of elements often superimposed on each
other and torsion) and to the significant muscle lining, which makes it
difficult to clarify the structure using light microscopy. One of the
possible ways to solve this problem is the use of 3D reconstruction, such
as with LSCM.

4.2. Molecular analysis

The results of DNA barcoding confirm the validity of the two de-
scribed species. The average K2P divergence for COI between species
was 0.128. According to Derycke et al. (2010a, 2010b), most inter-
specific congeneric distances for nematodes are within the range of
0.05-0.13; therefore, the described species differ in the upper values of
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the interspecies distances. High divergence between species was also
obtained using ITS, with a K2P distance of 0.140. Thus, the large dis-
tances between the species and the results of ABGD analysis confirm the
validity of this finding. Interspecific noncogeneric (intergenus) K2P
distances for nematodes according to Derycke et al. (2010a, 2010b) are
mostly within the range of 0.24-0.63, and the described genus Plato-
nova differs from other genera within the family Leptosomatidae, with
values from 0.260 to 0.348. Based on the obtained distances, we can
argue the validity of the genus Platonova when compared to other
Leptosomatidae for which sequences are available in GenBank.

The subfamily Leptosomatinae was established by Filipjev (1916)
and was long regarded as being within the family Enoplidae (Chitwood
and Chitwood, 1950; Clark, 1961; Filipjev, 1934). The accumulation of
data on the diversity and structural features of enoplids in general and
leptosomatids in particular led to an increase in the rank of the latter to
the family Leptosomatidae of the superfamily Enoploidea (de Coninck,
1965; Maggenti, 1981). Platonova (1976) and Andrassy (1976) con-
sidered leptosomatids to be a family in the superfamily Leptosoma-
toidea of the order Enoplida and suborder Enoplina.
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Fig. 14. Platonova verecunda sp.nov. Light microscopy. (A) Female anterior end. (B) Female tail. (C) Pharyngeal valve. (D) Lateral epidermal chord with metanemes.

(E) Metaneme. Scale bars: 100 um. Abbreviations: m - metaneme; s - scapulus.

Within Enoplina Lorenzen (1981, 1994) established a new taxon,
Enoplacea, including two superfamilies — holophyletic Enoploidea and
paraphyletic Ironoidea. The holophyly of the Enoploidea was estab-
lished (a) by the position of the anterior and posterior gonads to the left
of the intestine and (b) by the presence of a single ventrally situated
preanal tubule. Additionally, there was no holapomorphy to establish
the holophyly of Ironoidea. In this new artificial taxon, Lorenzen in-
cluded three morphologically different families: Ironidae, Leptosoma-
tidae, and Oxystominidae.

The first molecular studies of the enoplid phylogeny revealed a
significantly more complex structure of the order than was assumed
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based solely on morphological studies. Moreover, these molecular stu-
dies were based on a relatively small number of sequences, and for
many taxa (including leptosomatids), there was no information. Based
on these studies, seven suborders within Enoplida were established
instead of 2-3 (De Ley and Blaxter, 2002, 2004). In particular, several
Ironidae sequences allowed us to distinguish them from Enoplina and
classify them in the independent suborder Ironina. In this way, all re-
presentatives of the paraphyletic Ironoidea (including Leptosomatidae),
without molecular data, were included in the new suborder.

In recent years, studies on leptosomatids using molecular data have
shown the fallacy of this approach. Specimens from Leptosomatidae
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Fig. 15. Platonova verecunda sp.nov. Light microscopy. (A) Female reproductive system. (B) Female reproductive system, anterior branch. (C) Narrow part of the
oviduct. (D) Vulvar region. (E) Vulvar region and uterus with eggs. (F) Uterus and wider part of the oviduct. (G). Sperm cells in the uterus. Scale bars: A, B - 1000 um;

C, G- 50 um; D - F - 100 pm. Abbreviations: od - oviduct; ut - uterus.

were always recovered within a single clade with high support (100%
bootstrap support in ML and posterior probabilities of 0.99 in Bayesian
trees), together with the families belonging to Enoploidea (Bik et al.,
2010a, 2010b; Smythe, 2015). Despite these results, in all modern
classifications of Enoplida, leptosomatids are still considered within the
suborder Ironina (Bezerra et al., 2019; Smol et al., 2014).

Our study confirms the results of Bik et al. (2010a, 2010b) and
Smythe (2015); notably, despite the increasing number of 18 rDNA
sequences of nematodes, Bayesian and maximum likelihood phyloge-
netic trees had a similar topology. In each case, the members of the
family Anoplostomatidae were placed at the base of two clades: the
monophyletic Leptosomatidae and the clade containing the remaining
Enoplinae, including Anticomidae, Enoplidae, Thoracostomopsidae and
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Phanodermatidae. Notably, Anoplostomatidae appears to be poly-
phyletic, as the genus Anoplostoma shows an early branching clade
within Enoploidea, and the genus Chaetonema occupies a lower position
(Bik et al., 2010a, 2010b; Smythe, 2015, Fig. 19). The BI approach
reveals that Anticoma sp. occupies a lower position than leptosomatids.
Despite the missing data in many groups of nematodes (e.g., Anoplos-
toma, Anticoma and some genera of Thoracostomopsidae), the phylo-
genies based on 28S and on 18S are similar in topology. The topological
tree supports the basal positions of Anoplostomatidae and the suborder
Enoplina, including Leptosomatidae.

We also obtained a strongly supported clade that included
Campydora, Rhabdolaimus and Syringolaimus. This finding confirms the
latest results of the revision of the suborder Campydorina (Holovachov,
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dmo

Fig. 16. Platonova verecunda sp. nov. Anterior end of the female showing levels of sectioning (scale bar - 100 pm). Light microphotographs of transverse sections.
Dorsal to the right. a. Mouth opening at the level of mandibular ridges. b. Buccal cavity at the level of pharyngeal gland ducts. c. Buccal cavity at the level of dorsal
onchium. d. Buccal cavity at the level of head setae. e. Buccal cavity ant the level of amphids and ventrosublateral microonchium. f. Buccal cavity at the level of
ventrosublateral macronchia and cuticular beams. g. Buccal cavity and the level of dorsal microonchium. h. Posterior part of the buccal cavity. Scale bars: 10 um.
Abbreviations: a — amphid; dmr — dorsal mandibular ridge; dmo - dorsal microonchium; ds — dorsal side; fg — pharyngeal glands; fgd — pharyngeal gland ducts; mo —
microonchium; o — dorsal onchium; odfg - orifice of the dorsal pharyngeal gland; p — cuticular beams.

2019). Additionally, we have observed some new features in the to-
pological tree. In particular, Oxystominidae formed three clades instead
of two (Bik et al., 2010a, 2010b; Smythe, 2015), and the Halalaimus
clade was as sister to Oncholaimina. Moreover, according to Bik et al.
(2010a, 2010b) and Smythe (2015), Ironidae is a sister to Alaimina. In
our study, the members of the family Ironidae were placed as the ear-
liest branching lineage within Enoplida. However, this topology was
poorly supported (PP = 0.84; ML = 35) and possibly related to the
addition of Trissonchulus in the analysis. Therefore, Clade 2, including
Alaimidae and Ironidae recovered by Bik et al. (2010a, 2010b), did not
maintain monophyly. Furthermore, according to the 28S trees, the
Dolicholaimus sp. forms a sister relationship with Enoplina with poor
support. Thus, BI and ML phylogenetic analyses based on 18S and 28S
rDNA suggest that Leptosomatidae requires a transfer from the super-
family Ironoidea (suborder Ironina) to superfamily Enoploidea (sub-
order Enoplina).

The phylogenetic relationships within the family Leptosomatidae
remained unresolved despite the various sequences obtained for dif-
ferent loci. Most sequences of leptosomatids obtained were from COIL.
Derycke and co-authors (Derycke et al., 2005, 2010a) considered
Thoracostoma trachygaster as basal splits within Leptosomatidae. Ap-
parently different species of the genera Pseudocella and Deontostoma
occupy low positions, and Thoracostoma microlabatum is included as a
sister to the Deontostoma clade. The Bayesian tree fully confirms this
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topology, although the support of most nodes was low (Fig. 20). In this
study, we used Anoplostomatidae as an outgroup. Both Platonova spe-
cies were sisters to Thoracostoma microlabatum and the receiving sister
to the Deontostoma clade. The genus Synonchus was a sister to the clade
Pseudocella, which apparently included three species. The phylogenetic
tree based on 28S rDNA shows a different topology (Fig. 19). Platonova
was a sister to Pseudocella and Deontostoma, and it occupied a relatively
basal position. Thoracostoma microlabatum occupied a separate position
as Platonova, Pseudocella and Deontostoma. Moreover, other species of
the genus Thoracostoma (T. trachygaster, T. igniferum, and T. fatimae)
formed early branching Enoplida lineages, the same pattern as observed
in the COI-based phylogeny. Leptosomatides also have a basal position
according to Smythe (2015). Finally, the phylogeny based on 18S rDNA
placed Proplatycoma fleurdelis as the basal node to other leptosomatids,
in contrast with the findings of Smythe (2015). Nevertheless, the re-
lationships among the rest of the members Leptosomatidae were un-
resolved and poorly supported. It is important to note that the specimen
Synonchus sp. TCR206 is extremely similar to Platonova verecunda for
18S and 28S rDNA. Therefore, we consider it necessary to transfer the
TCR206 sequence from Synonchus to Platonova verecunda sp. nov.

4.3. Spatial distribution

Within the study area, both described species were found only in the
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Kuril-Kamchatka Trench and adjacent water areas, and they were ab-
sent in the Sea of Okhotsk and the Sea of Japan. In addition, these
species exhibited different spatial distribution patterns. P. magna sp.
nov. was only found at abyssal depths on both sides of the trench. In
contrast, P. verecunda sp. nov. was found within the trench, up to the
greatest depths recorded. In addition, a sample of almost identical P.
verecunda sp. nov. was obtained off the coast of California at a depth of
2695m (Bik et al., 2010a, 2010b). High similarity between the se-
quences on both sides of the Pacific Ocean may indicate the absence of
barriers and high connectivity. Thus, 1) in spite of the absence of a
pelagic stage of development in their life cycle, deep-sea nematodes can
potentially be characterized by an extremely wide spatial distribution
(in our case, an amphi-Pacific distribution); 2) for the described species,
the deep-sea trench is not considered a barrier to dispersal; and 3) the
vertical range of distribution for some species may be more than
6500 m. However, the lack of species in the Sea of Okhotsk and the Sea
of Japan may indicate the impossibility of overcoming straits with re-
latively shallow depths.
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Fig. 17. Platonova verecunda sp. nov.
Scanning electron microscopy. (A) Anterior
end of female, lateral view. (B) Anterior end
of male, lateral view. (C) Head of female,
lateral view. (D) Head of male, lateral view.
(E) Posterior end of male, ventral view. (F)
Supplementary organ. (G) Pericloacal region
of male, ventral view. (H) Longitudinal
section through the buccal cavity. (I)
Microonchium. (J, K) Longitudinal section
through the amphid. Scale bars: A, B, G -
20um; G, D, F,H,J-10um; I, K- 2 pm; E -
100 pm. Abbreviations: a - amphid; ¢ -
cloacal opening; cs - cervical setae; hs - head
setae; mr — mandibular ridge; ols - outer
labial setae; ps - precloacal setae; sup -
supplementary organ.

5. Concluding remarks

Our results demonstrate the high diversity of marine nematodes,
which has been rarely studied. Despite the relatively simple general
morphological structure, the corresponding individual morphological
elements (in particular, the feeding apparatus structure and copulatory
apparatus) are extremely diverse. Additionally, the implementation of
an integrated approach that combines various methods of morpholo-
gical analysis, information technology, and the use of molecular
methods to study marine nematodes is of particular importance. Such
an approach can provide an adequate understanding of the structure,
phylogenetics, and biogeography of nematodes. It should be noted that
a very small number of nucleotide sequences are available for lepto-
somatids. Of the 32 genera of Leptosomatidae, represented by 185
species (Bezerra et al., 2019), only sequences of 9 genera could be
found in databases. Therefore, the phylogenetic relationships within
Leptosomatidae can only be resolved by increasing the available mo-
lecular data. An increase in the availability of such information will
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Fig. 20. Bayesian mitochondrial COI phylogeny
of the family Leptosomatidae from 38 taxa, using
the HKY + I + G model of nucleotide substitu-
tion for first and third codon position and
F81 + G for second position. Anoplostoma and
Chaetonema (Anoplostomatidae) were used as
outgroup to root the tree. Specimens obtained in
this study are in bold.
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offer further insights into studies of the spatial distribution of nema-
todes. Moreover, the position of Leptosomatidae within Enoplida can be
resolved.
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