DOI: 10.2478/s11686-008-0039-2
© 2008 W. Stefanski Institute of Parasitology, PAS
Acta Parasitologica, 2008, 53(3), 274-283; ISSN 1230-2821

/
VERSITA

Morphometric and molecular characterization
of Parapharyngodon echinatus (Nematoda, Pharyngodonidae)
from the Senegal gecko (7Tarentola parvicarinata)

Sarka Masoval™, Vlastimil Barus2, Iveta Hodova', Iveta Matéjusovas3, Petr Koubek?
and Bozena Koubkova'
IDepartment of Botany and Zoology, Faculty of Science, Masaryk University, Kotlaiska 2, 611 37 Brno, Czech Republic;

2Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic, Kvétna 8, 603 65 Brno, Czech Republic;
3FRS Marine Laboratory, 375 Victoria Road, Aberdeen AB11 9DB, UK

Abstract

A West African species of gecko, Tarentola parvicarinata Joger (Gekkonidae), collected in the Niokolo Koba National Park
in East Senegal is a new host species for the nematode Parapharyngodon echinatus (Rudolphi, 1819). Fifty one specimens of
P. echinatus were studied under a light microscope and thirteen specimens were studied for the first time by a scanning elec-
tron microscope. The main differences between P. echinatus and other African species, especially Parapharyngodon micipsae
(Seurat, 1917), were in the shape of annules on body cuticle, broad lateral alae and their terminations, the shape of the distal
extremity of the spicule and number of outgrowths at the anterior cloacal lip. For the purposes of DNA characterization, par-
tial sequence of the small subunit ribosomal RNA gene (SSU rRNA) was obtained from two specimens of P. echinatus. This

is the first published sequence of a species from the family Pharyngodonidae.
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Introduction

Rudolphi (1819) described spiny four-stage nematode larvae
from an unidentified gecko from Spain (locality Algésiras) as
Ascaris echinata. Seurat (1917) found male and female oxyu-
rids with similar larvae in Tarentola mauritanica (L.) from
North Africa (Algeria), and referred them into the genus
Thelandros Wedl, 1862 as Thelandros echinatus Rudolphi. In
the same article, Seurat described a new species Thelandros
micipsae from the same host species and locality. The main
distinguishing features of T micipsae and T. echinatus were
the different form of the caudal extremity and lateral alae of
the male. Chabaud and Golvan (1957) found both parasite
forms described by Seurat (1917) in material from 7. mauri-
tanica from Banyuls-sur-Mer (South France) and forét de Ne-
fific (Morocco). However, it was concluded that the species
specific differences of 7. micipsae and T. echinatus were an
artifact of fixation and 7. micipsae was proposed as a syno-
nym of 7. echinatus. This case was again revised by Adam-
son and Nasher (1984), based on the parasite collection pre-

viously studied by Chabaud and Golvan (1957) and T. micip-
sae was raised back to species status. The present study re-
ports the finding of P. echinatus in a new host (Tarentola par-
vicarinata Joger) and region (West Africa), and describes the
detailed morphometric features of this species using scanning
electron microscopy (SEM). In addition, a partial fragment of
the small subunit ribosomal RNA gene (SSU rRNA) was
sequenced for purposes of molecular identification. This se-
quence represents the first DNA data for the family Pharyngo-
donidae.

Materials and methods

One gecko, Tarentola parvicarinata, was examined in 2005
and the second one in 2006, respectively. Both specimens
were collected at Simenti (13°01°33.4"N, 13°17°40.4"W), in
the Niokolo Koba National Park, East Senegal, Africa. A total
of 51 nematode specimens were collected from the colons of
both geckoes (9 males, 30 females and 12 larvae) and imme-
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diately fixed in 40% alcohol. The fixed specimens were exam-
ined under a light microscope equipped with differential inter-
ference contrast (DIC), digital image analysis system (analy-
SIS auto 5.0) and a drawing attachment. All measurements are
in pm.

Parasite specimens (3 males, 7 females, 3 juveniles) used
for SEM analysis were washed several times in 0.6% saline,
fixed with hot 4% formaldehyde solution and stored at room
temperature. Prior to SEM analysis, parasites were subse-
quently dehydrated through ethanol series, dried in a CPD 030
critical point drying apparatus (Bal-tec) using liquid CO,,
mounted on aluminium stubs with double sided adhesive disc,
coated with gold in a SCD 040 sputter coating unit (Balzers)
and examined in a VEGA scanning electron microscope oper-
ating at 20 kV.

Genomic DNA was extracted from the two ethanol-pre-
served specimens (Spectranal, Allied-Signal, Riedel-de Haén)
using the DNeasy Tissue kit (Qiagen) and resuspended in 100 pl
AE Buffer. A partial SSU rRNA gene region was amplified
according to Koubkova ef al. (2006). The PCR product was
purified from agarose gel using the MinElute Gel Extraction kit
(Qiagen) and cloned using the TOPO TA cloning kit (Invitro-
gen). Three clones per parasite specimen were purified (QIA-
prep, Qiagen) and sequenced in both directions using plasmid
specific M13 forward and M13 reverse primers. Sequencing
was carried out using Big Dye version 3.1 and an ABI377 DNA
sequencer (Applied Biosystems). Sequences were analyzed
using Sequencher software (Gene Codes Corporation).

Voucher specimens (4 males, 4 females) are deposited in
the Helminthological Collection of the Institute of Parasi-

Fig. 1. Light microscopy of male (A-C), juvenile (D) and female (E) P. echinatus: A — cephalic end, apical view; B — spicule; C — caudal
extremity, ventral view; D — juvenile (L4), general view; E — valvular apparatus, connection between bulbus and intestine. Scale bars =

20 um (A), 50 pm (B), 100 um (C), 200 pum (D, E)
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tology, Biology Centre, ASCR, in Ceské Budg&jovice, Czech
Republic (Cat. No. N-893) and other specimens in the De-
partment of Botany and Zoology, Faculty of Science, Masaryk
University, Brno, Czech Republic.

Results

Family Pharyngodonidae

Parapharyngodon echinatus (Rudolphi, 1819) (Figs 1-4)

Description (general): Small robust nematodes, whitish in col-
or, with prominent annulations beginning just behind cephal-

ic extremity and continuing to anus. Sexual dimorphism mod-
erate. Oral opening subtriangular surrounded by 3 lips. Lateral
alae present in males and absent in females.

Male (n = 9; range, mean + SD): Body fusiform and dis-
tinctly truncate posteriorly, 1341-1646 (1505 + 69.7) long,
316416 (364 + 27.8) maximum wide, 223-332 (282 + 25.9)
at level of excretory pore. Cuticle with annulations 16-23
(20.6 = 1.7) long in middle of body. Mouth triangular, sur-
rounded by triangular lips (one dorsal with two flat papillae
and two ventrolateral with one papilla and small amphid sit-
uated laterally. In mouth cavity, three transverse plates pres-
ent. Total oesophagus length 398-563 (507 + 29.4), corpus
331-438 (394 £ 21.6) long and 27-33 (29.4 £ 1.4) maximum
wide, isthmus 4-15 (10.2 + 3.4) long and 20-26 (22.3 + 1.1)
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Fig. 2. Light microscopy of female P. echinatus: A — anterior extremity, lateral view; B — cephalic end, apical view; C — cephalic extremity,
lateral view; D — caudal extremity, lateral view; E — proximal end of reproductive tract showing vulva; F — egg with subporal operculum. Scale
bars = 1,000 pm (A), 20 um (B), 200 um (C, E), 300 um (D), 50 pm (F)
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Fig. 3. SEM of male P. echinatus: A — apical view of the cephalic end, arrows indicate amphids; B — lateral view of the posterior extremity
showing ending of lateral ala; C — ventral view of posterior region showing cloaca with outgrowths and spicule, arrow indicates bifurcation
on the top of outgrowth; D — apical view of caudal extremity showing cloaca, four pairs of papillae, spicule and outgrowths; E — general
ventrolateral view of posterior end, upper arrow indicates end of ala, lower arrow indicates distal end of spicule. Scale bars = 20 um

(A, C), 50 um (B, E), 100 um (C), 25 pm (D)

wide, bulbus 49-112 (91.9 + 12.1) long and 73—-118 (102.7 +
8.2) wide. Nerve ring and excretory pore 88—134 (110.9 +
11.7) and 357-836 (566.3 + 94.8), from anterior end, respec-
tively. Testis extending anteriorly from midbody region, flex-
ing posteriorly behind excretory pore; vas deferens separated
from testis by narrow tube. Lateral alae start at level of middle
of body; alae gradually extend in last third of body and reach
20—68 (55.3 = 10.3) in maximum width, with round termina-
tions. Alae terminations reach distance 8-37 (23.2 + 8.5) from
cloaca, and 89-162 (119.7 +20.7) from tail tip. Three pairs of
cloacal papillae (1 precloacal, 1 paracloacal, 1 sessile at top of

rising postcloacal lip), and 1 pair of papillae on tail. Top of
these mammilliform papillae in a rosette-like structure.
Anterior cloacal lip with posteriorly directed digitiform orna-
mentation: 2 lateral outgrowths finger-like and thick with one
short lateral rounded outgrowth, 4 finger-like and thin, and 5
medial thin with bifurcation on top. Two surface openings
(phasmids) situated on tail laterally. Spicule 93—117 (105.1 £
6.8) in length, proximal end 5.5-10.1 (7.4 + 0.9) in width, dis-
tal end obtuse and 4.1-5.7 (5.1 £ 0.4) width. Tail filament
80—-126 (100 £ 15.6) long, inserted dorsally approximately
8-16 (12 + 1.8) from upper lip of cloaca opening.
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Fig. 4. SEM of female and juvenile P. echinatus: A — apical view of the cephalic end of the female, arrows indicate amphids; B — posterior
end of female showing anus and cuticular swell and tail end; C — egg slightly flattened on one side; D — egg, detail of subpolar plug;
E — total view of juvenile with spines; F — detail of rows of spines on posterior part of juvenile. Scale bars =20 pm (A), 100 um (B), 20 um

(C, D, F), 200 pm (E)

Female (n = 10; range, mean + SD): Small cylindrical ne-
matodes, body anteriorly tapering to blunt point, posteriorly
ending in median stout spike. Length 1500-2930 (1990 +
465.5); width at vulva region 512-765 (596 + 74.4). Cuticle
with annulations 13.0-42.6 (24.0 = 5.4) wide at half body
length. Total oesophagus length 688.2-969.2 (864.3 £ 41.3),
corpus length 576.0-819.4 (704.2 £ 38.4) and maximum
width 46.9-66.1 (54.3 £ 6.4), isthmus 7.4-23.1 (15.6 = 4.6)
long and 32.8-54.2 (41.0 £ 4.9) wide, bulbus 107.4-176.0
(143.0 £ 18.5) long and 145.9-210.2 (181.6 + 16.0) wide.
Nerve ring, excretory pore, and vulva 103.1-144.0 (125.0 =
12.2), 561.5-1118.3 (770.2 + 147.8), and 892.2-1452.3

(1069.3 + 153.2) from anterior end, respectively. Ovaries
reach level of oesophageal isthmus; larger (possibly older)
individuals may have several coils around corpus. Body ter-
minates in pointed tail spike 102.7-206.7 (136.9 £ 20.3) long.
Anus 49.9-132.9 (88.4 + 25.1) ventrally from base of tail.
Eggs asymmetrical 78.3—88.2 (82.3 £2.3) long and 44.2-52.1
(47.2 £ 1.8) wide, slightly flattened on one side, shell punctu-
ate, operculum subpolar, 10.3—12.7 (11.8 + 0.6) in length.
Larvae (L4; n = 5; range, mean = SD): Body cylindrical,
whitish, tapering anteriorly to blunt point, posteriorly ending
to median fine tail, length 710.7-933.1 (792.4 £+ 56.3), maxi-
mum body width 251.0-384.8 (335.3 + 38.4), width at excre-
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tory pore 235.2-347.9 (303.3 + 33.4). Cuticle with annula-
tions 8.4-9.8 (9.1 £0.5) wide at half body length. Spines start
120.0-240.0 (206.1 + 34.4) from anterior end; spines at first
third 3.2-6.5 (5.4 + 0.9), second third region 19.0-21.8 (20.5
+ 0.9), and posterior third 20.1-23.7 (21.9 + 1.1) in length.
Oesophagus not divided into pharynx, corpus and isthmus.
Total oesophagus length 135.5-198.3 (158.2 £21.6) and max-
imum width 23.8-36.4 (29.3 £ 3.0). Bulbus length and width
50.6-78.6 (61.4+8.1) and 55.1-91.0 (71.4 = 8.4). Nerve ring
and excretory pore 31.9-65.9 (51.5 £ 11.1) and 153.2-324.2
(246.4 + 63.8) from anterior end, respectively; vulva not iden-
tified. Body terminates in pointed tail 214.1-303.2 (267.41 +
26.7) long, anus situated ventrally 18.7-36.2 (23.2 + 5.2) from
base of tail.

DNA characterization of P. echinatus

A single product of approximately 900 bp was amplified from
two specimens of P. echinatus. The nucleic acid sequence
spanned 937 bp of the small subunit ribosomal RNA gene and
was deposited in the GenBank, DDBJ and EMBL databases
under accession number AM943009.

Parapharyngodon echinatus is the first species of the fam-
ily Pharyngodonidae to have this sequence reported BLAST
(blastn) searches performed at http://www.ncbi.nlm.nih.gov
indicated greatest similarity of P. echinatus to several species
of the family Raphidascarididae. However, this similarity
might be revised in future as there are few of these sequences
from nematode species to date.

Discussion

The taxonomic status and validity of the genus Parapharyn-
godon have been questioned almost since its proposal by
Chatterji (1933). Baylis (1936) considered it to be a synonym
of the genus Thelandros Wedl, 1862 (historical survey — see
Adamson 1981; Adamson and Nasher 1984; Bursey and Gold-
berg 1999, 2005). However, later on, Freitas (1957) reinstat-
ed the genus Parapharyngodon Chatterji, 1933, which was
accepted by several authors such as Skryabin et al. (1960),
Barus and Coy Otero (1969), Barus (1973), Sharpilo (1976),
Adamson (1981), Adamson and Nasher (1984), Baker (1987),
Castafio-Fernandez et al. (1987), Ashour et al. (1994), Bursey
and Goldberg (1999, 2005, 2007a, b), Hering-Hagenbeck et
al. (2002). More than 40 well described species are assigned
to the genus Parapharyngodon (see Bursey and Goldberg
2005, 2007a, b); however, with all other species inquirendae
and inadequately described species belonging to this genus,
the total number of species reaches about 59. Chabaud and
Brygoo (1962) have suggested that geographical distribution
is the most important factor in the speciation of reptilian oxyu-
rids. In the Ethiopian realm, 16 species of Parapharyngodon
are known (Tables I and II) according to Bursey and Goldberg
(2005, 2007a, b), and another 2 unnamed taxa (Parapharyn-
godon spp.) according to Hering-Hagenbeck ef al. (2002).

Species of the genus Parapharyngodon are mainly iden-
tified based on the shape of the caudal papillae, morphology
of anterior cloacal lip, length and form of the spicule and
length and form of lateral alae in males, location of the ovary
and egg size in females (Adamson and Nasher 1984; Bursey
and Goldberg 1999, 2005, 2007a, b), and host specificity.

Nematodes studied from the Senegal gecko (7. parvicari-
nata), evidently belong to species P. echinatus; and our find-
ing represents a new host and new geographical area record.
This nematode species is commonly found in the southwest-
ern part of the Palearctic realm (Spain, France) and North
Africa. The range of hosts (several species of the genus 7a-
rentola Gray) implies that 7. echinatus is specialized to this
group of geckoes. Adamson (1981, page 110) named the gecko
Platydactylus fascicularis (Daudin) as a type host.

The present study has confirmed that the differential char-
acters mentioned by Adamson and Nasher (1984) for the
species P. echinatus are constant, and cannot be attributed to
fixation as stated by Chabaud and Golvan (1957). In males
(see description above), the annules on the body cuticle form
swollen rings, interrupted laterally, alae are broad, extending
to cloaca level, the anterior lip of the cloaca formed by more
than 9 outgrowths and surrounding much of the cloacal
region, the genital cone is well-developed, the distal end of
spicule is rounded, the caudal appendage is from 80 pm long
and more narrowing evenly from its base.

In the present study, the characteristics measured of P. echi-
natus males collected from 7. parvicarinata Joger showed
wider variability and range in comparison to data by Seurat
(1917), however this may be affected by the different length
of parasite body and also different host species. However,
species specific features are fully congruent. It is possible that
the material studied by Chabaud and Golvan (1957) contains
both species, because the authors referred to species P. echi-
natus (page 465, fig. 5SA) as P. micipsae (fig. 5B). Moravec et
al. (1987) assign the material collected in Egypt from Scincus
scincus (L.) to P. micipsae. From the same territory and host
species this nematode has been reported by Baylis (1923) and
Myers et al. (1962).

Seurat (1917) noted that females of two species, P. echi-
natus and P. micipsae, are very similar. Adamson and Nasher
(1984) found several distinctive features in females of P. echi-
natus, such as the six prominent elevations surrounding the
oral opening directed obliquely towards the oral opening; a
circular ridge around the outside of the elevations and, in lat-
eral view, the distal extremity of the amphidial canal hidden
by the ridge and can be seen only in apical view. This was also
confirmed by our findings from both light and scanning elec-
tron microscopy.

All Parapharyngodon larvae which have been described
to date have cuticular spines. Adamson and Nasher (1984)
reviewed descriptions of larvae (L4) in the 9 species of the
genus and stated that spiny larvae appear to be characteristic
of the genus Parapharyngodon. Descriptions of spinous lar-
vae for P. echinatus were presented by Rudolphi (1819) and
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Seurat (1917). According to Petter and Quentin (1976), the
thelastomatids are presumed to be an ancestor of the pharyn-
godonids and the spiny cuticle of larval Parapharyngodon
may be a remnant of this ancestry. Our study documented the
morphometry of spines of P. echinatus larvae; spines are ar-
ranged in irregular transverse rows in the posterior two thirds
of the body length; the most anterior rows are the smallest, as
was stated by Hunt (1983) for adult species of the genus
Indiana Chakravarty, 1943 (Thelastomatidae, Oxyuroidea).

Sexual dimorphism in cephalic region is a common fea-
ture of several species of Parapharyngodon, such as P. adra-
mitana or P. bulbosus (Adamson and Nasher 1984, Ashour et
al. 1994). The present study also described sexual dimorphism
in the species P. echinatus. In males, the subtriangular oral
opening is surrounded by one dorsal and two subventral lips
without median incision; in females, the subtriangular oral
opening is surrounded by three lips (one dorsal and two sub-
ventral), each divided by median incision to two (six in total)
prominent obtuse elevations (lobules). These elevations were
studied by SEM and interpreted according to Ashour ef al.
(1994) as “six small triangular and anterior directed lips”
(p. 586).

Ashour et al. (1994) revealed the presence of a number of
small outgrowths on the anterior lip of the cloacal opening in
one male of P. bulbosus studied. This morphological feature is
very important for determination of the Parapharyngodon
species. However, the outgrowths were not previously report-
ed in P. bulbosus by Linstow (1899) or Moravec et al. (1987).
Moreover, in the present study, additional morphometric char-
acteristics for determination of African parapharyngodonids
were highlighted (Tables I and II).

Parapharyngodon echinatus is the first species of its
genus to have small ribosomal subunit rRNA gene regions se-
quenced for the purposes of species discrimination. However,
further sequence is required from additional species of the
family Pharyngodonidae and other nematode families to re-
veal the position of Pharyngodonidae within the Nematoda.
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