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Molecular and morphological characterization of
Pristionchus pacificus (Nematoda: Rhabditida: Neodiplogastridae),
a new record of an entomophilic nematode from Iran
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Abstract: During a survey of entomopathogenic nematodes from the Mashhad region, in northeastern Iran, an entomophilic
nematode was isolated using the Galleria trap method. Morphological characterization showed that this isolate belongs to
the family Neodiplogastridae. Detailed morphological and morphometric characterization including SEM data fit with
Pristionchus pacificus Sommer, Carta, Kim et Sternberg, 1996, representing the first record of this genus and species from
Iran. Iranian specimens of P. pacificus FUM 5 are characterized by the body length (0.69–0.83 mm), the stoma (6–10 µm)
bearing a dorsal tooth and a conical elongated tail (146–220 µm). Molecular analyses using 18S and ITS rDNA genes further
support this identification. Measurements, illustrations, and SEM photographs of the Iranian isolate are provided and the
phylogenetic position of the species is discussed.

Key words: Pristionchus pacificus; SEM; ITS; 18S rDNA; Iran

Introduction

Nematodes are the most abundant metazoan in marine
and terrestrial habitats and in the latter case they rep-
resent a significant component of the soil community
(Caldwell 1981; Sochova et al. 2006). Ecologically, they
are particularly significant in soil ecosystems where
their activity can affect energy flows and nutrient cy-
cling (Sochova et al. 2006). Due to their importance in
agriculture and crop protection, a survey for isolation of
native entomopathogenic and entomophilic nematodes
was conducted in the Mashhad region, northeastern
Iran. During this studyPristionchus pacificus Sommer,
Carta, Kim et Sternberg, 1996, a Neodiplogastrid ne-
matode, previously characterized as free-living, was re-
covered.
Pristionchus belongs to the family Neodiplogastri-

dae. According to Sudhaus & Fürst von Lieven (2003)
there are 28 valid genera plus other more recent de-
scribed genera. Also, Andrássy (2005) reported more
than 40 genera plus these new genera for this group.
While most Neodiplogastrids are gonochoristic; two
genera,Diplogasteroides de Man, 1912 and Pristionchus
Kreis, 1932 produce self-fertilizing hermaphrodites
(Mayer et al. 2007). Pristionchus species have an in-
teresting necromenic association with scarab beetles.
In this relationship, infective juveniles after invading
a suitable host, do not feed until after host death at

which time they then feed on bacteria, fungi, and other
nematodes growing on the insect carcass (Rae et al.
2008; Weller et al. 2010; Morgan et al. 2011). Pris-
tionchus has several species with a necromenic associa-
tion including P. pacificus that is found on more than
ten beetle species including the Oriental beetle Exo-
mala orientalis (Waterhouse, 1875). The majority of
Pristionchus species associated with beetles show high
specificity to a particular beetle species. For example,
two common European species, Pristionchus maupasi
(Potts, 1910) Paramonov, 1952 and P. entomophagus
Steiner, 1929 are found on cockchafers (Melolontha F.,
1775) and dung beetle (Geotrupes Latreille, 1796), re-
spectively (Mayer et al. 2007; Hong et al. 2008a; Rae et
al. 2008; Morgan et al. 2011).
Pristionchus pacificus was firstly described by

Sommer et al. (1996) and represents the most impor-
tant species in the genus Pristionchus. This species is
a satellite model nematode which used in evolutionary
and developmental studies like another model species,
Caeonorhabditis elegans (Maupas, 1900) (Rudel et al.
2005; Hong & Sommer 2006; Herrmann et al. 2007; Za-
uner et al. 2007; Click et al. 2009). P. pacificus has
worldwide distribution and by now, more than 150 iso-
lates have been recovered from soil and scarab beetles
in different continents (Mayer et al. 2007; Rae et al.
2008; Kanzaki et al. 2011).
Species identification within the genus Pristion-
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Table 1. List of primers used in this study.

Primer Name Sequence (5′-3′) Target Gene Reference

G18S4 GCT TGT CTC AAA GAT TAA GCC 18S Blaxter et al. (1998)
26R CAT TCT TGG CAA ATG CTT TCG 18S Blaxter et al. (1998)
18S TTG ATT ACG TCC CTG CCC TTT ITS Vrain et al. (1992)
26S TTG ATT ACG TCC CTG CCC TTT ITS Vrain et al. (1992)
D2F CCT TAG TAA CGG CGA GTG AAA 28S Stock et al. (2001)
536 CAG CTA TCC TGA GGA AAC 28S Stock et al. (2001)

Table 2. PCR conditions for amplification of the three genes used in the present study.

Name of primer set Cycle number Thermal conditions

G18S4 and 26R 1 94◦C for 3 min
35 90◦C for 60 s, 56◦C for 60 s and 72◦C for 90 s
1 72◦C for 7 min

18S and 26S 1 94◦C for 3 min
35 90◦C for 60 s, 55◦C for 60 s and 72◦C for 90 s
1 72◦C for 7 min

D2F and 536 1 94◦C for 3 min
33 94◦C for 30 s, 52◦C for 30 s and 72◦C for 1 min
1 72◦C for 7 min

chus, is difficult due to morphological similarity among
some species (Herrmann et al. 2006; Mayer et al. 2007);
DNA sequence analysis is now widely accepted in ne-
matode identification and in assessing phylogenetic re-
lationships (Dorris et al. 1999; Floyd et al. 2002; Blax-
ter 2003; Kumari & Lišková 2009; Stock 2009). Such
markers including 18S ribosomal RNA (SSU) and ITS
rRNA as well D2-D3 expansions of 28S rRNA (LSU)
genes have been demonstrated to be helpful for species
delimitation and molecular phylogenetic analysis of sev-
eral groups of nematodes (Floyd et al. 2002; De Ley
et al. 2005; Subbotin et al. 2007). Herein we address:
1) morphologic and morphometric characterization of
the Iranian isolate (designated FUM 5) of P. pacificus
and comparison with previous descriptions, 2) molecu-
lar characterization of the Iranian isolate using partial
18S, complete ITS rRNA and D2-D3 expansions of 28S
rRNA 3) an evaluation and discussion of its phyloge-
netic position.

Material and methods

Sample collection and preparation
Specimens of P. pacificus were obtained from soil samples
using the Galleria mellonella (L., 1758) baiting technique
(Bedding & Akhurst 1975). The collection site was a peach
orchard in Masshad, Razavi Khorasan province, in north-
eastern Iran (36◦4′ N, 59◦7′ E). The infected cadavers were
collected, and individually placed on a White trap to col-
lect emerging nematode (White 1927). Harvested nema-
todes were stored in distilled water at 8◦C for further study.

Morphological characterization: Light and scanning electron
microscopy (SEM).
Specimens were killed and fixed using hot (80◦C) 4%
formaldehyde solution, and processed to anhydrous glyc-
erin for mounting according to De Grisse (1969). Mea-
surements were taken directly using an ocular microme-
ter and/or a curvimeter upon drawing the corresponding

organ or structure. Drawings were made using a drawing
tube attached to an Olympus light microscope CH-2. For
SEM fixed specimens were hydrated (one day), dehydrated
in a graded ethanol series (25, 30, 50, 70, 95, 100%) and
finally in acetone (100%), critical point dried, coated with
gold with CamScan MV2300 microscope operating at 15 mA
(Shokoohi & Abolafia 2011). The terminology used to de-
scribe the morphology of the stoma follows the proposals by
De Ley et al. (1995).

Molecular study
DNA extraction. Genomic DNA was extracted from an in-
dividual adult nematode by grinding in 50 µl 5% Chelex-
100 (Sigma-Aldrich Chemie GmbH, Germany) and 2 µl pro-
teinase K. The mixture was incubated at 60◦C for 2 h, fol-
lowed by incubation for 10 min at 95◦C to denature the
proteinase K. The extracted DNA was stored at –20◦C.
PCR conditions. A multilocus approach, including sequenc-
ing of ITS, 18S and 28S loci, was considered for molecular
characterization of the new isolate of entomophilic nema-
tode. The primers used to amplify the genes mentioned
above are presented in the Table 1. The PCR mixture
was carried out in a reaction volume of 25 µl, containing
2.5 µl of 10× PCR-buffer, 15.7 µl of H2O, 1 µl of MgCl2
(25 mM), 0.5 µl of dNTPs (10 mM), 0.3 µl Taq polymerase
(5 units/µl), 1 µl of forward primer (10 pmol/µl), 1 µl of
reverse primer (10 pmol/µl), and 3 µl of template DNA. All
PCR reactions were conducted in a T-Personal thermocy-
cler (Biometra). The optimized PCR conditions are shown
in the Table 2.
Sequencing. Sequencing was performed in 3730XL DNA an-
alyzer in Macrogen Inc. (Seoul, South Korea) (http://dna.
macrogen.com). All sequences were confirmed and repeated.
The consensus sequence for each gene was submitted to Gen-
bank database for further comparison using nBLAST search
(http://blast.ncbi.nlm.nih.gov/Blast/).

Multiple alignments and phylogenetic analysis
For phylogenetic analysis on the basis of the 18S gene, 17
valid and verified sequences were retrieved from GenBank.
The sequences were aligned using the ClustalW algorithm
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Fig. 1. Pristionchus pacificus Sommer, Carta, Kim et Sternberg, 1996. A: Anterior end; B, C: Lip region (superficial view); D: Entire
female; E–G: Female tail.

(Thompson et al. 1994) and adjusted by eye. The phylo-
genetic analyses were performed on the Phylogeny.fr plat-
form using maximum likelihood (ML) method (Tamura &
Nei 1993) with the GTR substitution model (Dereeper et al.
2008). For calculation of Neighbor-Joining (NJ) tree (Saitou
& Nei 1987) under the Kimura 2 parameter substitution
model (Kimura, 1980) MEGA 5 software (Tamura et al.
2011) was used (Fig. 4). An 18S sequence of the closely re-
lated genus Koerneria (K. lucani; AB597233) was used as
an outgroup for both analyses (Herrmann et al. 2006; Mayer
et al. 2007). The NJ tree was bootstrapped 10,000 replicates
(Felsenstein 1985).

Pristionchus pacificus Sommer, Carta, Kim et
Sternberg, 1996 (Figs 1, 2)

Population from Mashhad, province of Razavi Kho-
rasan, Iran (11 ��) (measurements, see Table 3).

Female. Body 0.69–0.83 mm long. Habitus mostly
straight after fixation. Cuticle “single”. Without punc-
tuation, 2 µm wide at midbody, bearing longitudinal
lines which each one comprising two closely lines (vis-
ible under LM). Annuli 1.5 µm wide, with conspic-
uous longitudinal ridges (ca. 12 at head level). Lat-
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Fig. 2. Pristionchus pacificus Sommer, Carta, Kim et Sternberg, 1996 (SEM): Lip region of eurostomatous female: A (lateral view);
B (ventrolateral view). C: Cuticle. D: Female tail.

eral field not observed. Lip region continuous with the
neck, bearing six separated lips and four cephalic papil-
lae. Stoma as long as wide. Cheilostom wide, with
well-developed and cuticularised rhabdia. Gymnostom
slightly wider than cheilostom and stegostom. Gym-
nostome and stegostome anisotopic with subventral
walls slightly longer than dorsal. Pro-mesostegostome
9 µm wide. Stegostome bearing claw like tooth, 2–3
× 2 µm. Posterior part of stegostom including meta

and telostegostom, telostegostome short, 2 µm diam.
and 0.8 µm long. Amphid openings oval, 1.1 µm wide.
Pharyngeal corpus cylindrical, 2 times isthmus length.
Metacorpus swollen, 20 × 22 µm. Basal bulb spheroid,
21 µm wide and 32 µm long. Cardia conoid. Nerve
ring at isthmus level, at 53% of neck length. Excretory
pore not visible. Deirid not observed. Intestine without
distinct specialization. Reproductive system amphidel-
phic, both branch equally developed. Uterus tubular,
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Table 3. Measurements of Pristionchus pacificus Sommer, Carta, Kim et Sternberg, 1996 from Iran and USA [all measurements in µm
and the format: mean ± standard deviation (range)].

Locality Iran, Khorasane Razavi province Unites States, Pasadena*

Habitat Soil (Peach orchard) Soil (Flower garden)
N 11 �� 121 ��
Body Length 763 ± 53 (690–834) 750–1410
a 20.2 ± 3.2 (16.4–23.1) 12.1–17.4
b 7.2 ± 1.6 (5.3–9.1) 5.6–9.1
c 4.4 ± 0.4 (3.6–5.0) 3.8–6.7
c’ 9.4 ± 2.6 (5.8–14.5) 5.0–9.6
V 44.6 ± 4.1 (35–50) 42–59
Stoma length 8.7 ± 1.8 (6–10) 8–15
Stoma width 8.3 ± 1 (6–10) 7–13
Procorpus + metacorpus 72.7 ± 14.2 (57–91) 80–105
Isthmus + bulb 36.6 ± 9.4 (20–49) 45–70
Pharynx length 109.3 ± 21.8 (77–137) 120–170
Vulval anterior end. 339.8 ± 25 (276–366) 410–670
Midbody diameter 38.3 ± 4.1 (31–43) –
Anal body diameter 19.8 ± 6.8 (11–37) 22–43
Egg length 45 ± 7.1 (37–54) ?
Tail length 175 ± 26.9 (146–220) 170–302

Explanations: * according Sommer et al. (1996).

1.1 times as long as the corresponding body diame-
ter. Uterine egg measuring 28 × 39 µm. Oviduct short.
Vagina extending inwards 0.3–0.4 times the correspond-
ing body diameter with narrow lumen and protruded
lips. Rectum as long as anal body diameter. Tail coni-
cal elongated. Phasmid at 22% of tail length.

Male. Body curved ventrally after fixation. Reproduc-
tive system monorchic, testis reflexed dorsad anteriorly.
Tail conical, distally curved ventrad. Three pairs of
precloacal genital papillae. Five pairs of caudal geni-
tal papillae are present along the tail. This information
is based on SEM photographs. Measurements of males
are not available, because they appear to have been
distorted by suboptimal fixation.

Analysis of rDNA sequences
To confirm the morphological identification of the ne-
matode isolate of P. pacificus, a selected sample was
analyzed by molecular approaches. Complete sequence
of the ITS as well as partial sequence of 18S were de-
termined and deposited in GenBank under the acces-
sion numbers JQ699288, JN039364 (ITS sequences) and
JQ699287 (18S sequence). The D2-D3 expansion seg-
ment of 28S rRNA was not amplified in this study.
NBLAST search through GenBank data showed that
the Iranian isolate has high similarity with those se-
quences available for P. pacificus.
Analysis of the 18S rDNA region, based on NJ

method (Fig. 4) showed three main clades (I, II and
III). NJ analysis placed the Iranian isolate of P. pacifi-
cus with three other isolates of this species in clade I.
However, NJ analysis showed that P. pacificus FUM 5
differs from all other known isolates. The 18S sequences
comparing P. pacificus FUM5 with other isolates of
the species (i.e., with accession numbers PPU81584,
DQ270018 and AF083010) were 0.35, 0.41 and 0.39%,
respectively. Bootstrap support for the association be-

tween the new isolate of P. pacificus and the other
three known isolates was 88%, with 10000 replicates in
the NJ tree. Two isolates of P. cf. pacificus (AB597235
and AB597236) were shown to be sister to a clade of
four other isolates including FUM5 isolate. The nearest
clade (II) to P. pacificus includes species P. pauli Her-
rmann, Mayer et Sommer, 2006, P. marianneae Her-
rmann, Mayer et Sommer, 2006 and P. maupasi. The
clade III included some other species, P. lheritieri Mau-
pas, 1919, P. entomophagus and P. uniformis Fedorko
et Stanuszek, 1971. The monophyletic clade containing
the new isolate of P. pacificus was strongly supported
the tree obtained from NJ analysis. Analyses by NJ
and ML method showed similar results for new isolate
of P. pacificus. The topology of ML tree (Fig. 3) is con-
sistent with the position of the species and new isolate
resulted by NJ (Fig. 4).

Discussion

Previously, P. pacificus was isolated as a new species
from Pasadena, California, USA (Sommer et al. 1996).
In this study, a single population of P. pacificus from a
peach orchard of Mashhad, Razavi Khorasan province,
Iran was shown to agree with the original description by
Sommer et al. (1996). This species resembles to P. mau-
pasi, although it is distinctive by the longitudinal lines
comprised of closely apposed pairs on its cuticle (vs.
not lacking such lines). Also, P. pacificus is similar to
P. lheritieri, howeverP. pacificus differs in the morphol-
ogy of lip region (slightly indented vs not indented) and
by teeth that are more robust and anteriorly directed
(vs less robust and less anteriorly directed). The papil-
lae arrangement of the male tail of the Iranian pop-
ulation of P. pacificus fits well with the original de-
scription. Other minor differences among isolates may
be expected due to geographical distribution and habi-
tat.
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Fig. 3. Maximum likelihood cladogram of Pristionchus species based on analysis of 18S rRNA gene sequences.

Fig. 4. Phylogenetic relationships among Pristionchus spp. based on partial 18S rRNA gene sequences inferred by neighbor-joining
analysis, using Kimura two-parameter. Koerneria lucani was used as an outgroup. Numbers represent bootstrap frequencies (10,000
replicates).

Morphological identification of nematodes is of-
ten difficult and time consuming due to variable and

overlapping characters as well as problems of interpret-
ing plesiomorphic states and convergent (homoplasious)
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features (Dorris et al. 1999; Stock 2002; Blaxter 2003;
Stock & Reid 2004; Kumari & Lišková 2009). Further-
more, most of the characters used for species identifica-
tion are only good for diagnostic purposes without phy-
logenetic value (Dorris et al. 1999; Stock 2002; Stock &
Reid 2004). For these reasons, methods such as molec-
ular analysis have particular value for identifying ne-
matodes (Dorris et al. 1999; Blaxter 2003; Kumari &
Lišková 2009). Partial 18S rRNA sequences are used ex-
tensively as molecular markers for taxonomic identifica-
tion as well as phylogenetic inference in most groups of
nematodes (Floyd et al. 2002; Abebe et al. 2011). Her-
rmann et al. (2006) and Mayer et al. (2007) used 18S
sequence for identification and phylogenetic inference
of Pristionchus species. Specifically they demonstrated
that this gene serves as a fast and accurate barcoding
marker for species identification with sufficient resolu-
tion within the genus Pristionchus. The present study
has fairly good agreement with the phylogeny of Pris-
tionchus species as proposed by Herrmann et al. (2006)
and Mayer et al. (2009) based on the molecular phy-
logeny of partial 18S.
Based on the SSU-sequence dataset, P. pacificus,

within Neodiplogastridae, belongs to clade V, proposed
by Blaxter et al. (1998); clade V also includes Rhabdi-
tida such as C. elegans, the vertebrate-parasitic order
Strongylida, and the entomopathogenic genus Hetero-
rhabditis Poinar, 1976 (Blaxter et al. 1998; Mayer et
al. 2007). Herrmann et al. (2006) and Brown et al.
(2011) demonstrated that P. pacificus species have nic-
tation behaviour and association with insects. Con-
sequently, it may not be surprising that this species
is placed with free living and parasitic nematodes in
one clade. Brown et al. (2011) suggested that nicta-
tion behaviour in P. pacificus serves in host-finding
behaviour. Speculation is that nictation or nictation-
like host finding behaviors are crucial during the initial
steps of parasitism evolution (Brown et al. 2011). Asso-
ciation with dead insects as in the Pristionchus genus
could be interpreted as representing a pre-adaptation
for the evolution of true parasitism, including an en-
vironment furthering adaptation to low oxygen levels,
high temperatures and toxic host enzymes (Rae et al.
2008).
Some differences between P. pacificus and C. ele-

gans with respect to the development of the vulva, the
gonad and the buccal cavity, have contributed to this
species being an ideal satellite organism in compara-
tive studies with C. elegans (Rudel et al. 2005; Hong
& Sommer 2006; Herrmann et al. 2007; Zauner et al.
2007; Click et al. 2009). Morgan et al. (2012) men-
tioned that the complex effects of environmental, eco-
logical and geological factors can influence local adap-
tation and genotypic evolution in P. pacificus. They
showed that differential colonization and host associa-
tions have achieved a richly diverse pattern in P. pacifi-
cus (Morgan et al. 2012). While P. pacificus has devel-
oped as a model system in evolutionary developmen-
tal biology in the last decade, finding a new isolate
of this model may provide new insight into how re-

dundant developmental mechanisms evolve (Hong et al.
2008b).
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