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Abstract 

During a 2021 survey on insect-associated nematodes in forests of Guilan province, northern Iran, samples of soil, decaying wood, 

and insects were collected and examined. Analyses of morphological and morphometric characteristics of the isolated nematodes 

revealed that the populations belong to the genera Metarhabditis and Diploscapter. They were identified as Metarhabditis blumi and 

Diploscapter coronatus, respectively. To support this identification, DNA sequences were used for Nblast analysis and the 

phylogenetic trees reconstructed based on the sequences of the internal transcribed spacer (ITS) region of rRNA gene (for M. blumi) 

and the 18S rRNA gene (for D. coronatus.). Since the sequences of type populations were not available in public databases, 

comparisons were made with other identified and reliable populations of the same species, which confirmed the morphological 

identifications. This study represents the first record of M. blumi and the first report of the male of D. coronatus from Iran. 
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 چکیده 

و حشرات    پوسیده خاک، چوب یی ازهانمونه  یلان، شمال ایران،استان گ یهاجنگل درمرتبط با حشرات  ینماتدها بر روی  1400ل در سا  یا مطالعهطی 

  شناختییختر  هاییژگی و  آوری و بر اساسجمع   Diploscapterو    Metarhabditis  یهاجنس   زا  هایییتجمعدر این بررسی  .  و بررسی شدند   یآور جمع 

  ی برا   ITS rRNA  یهناح  ،ییشناسا  ییدتأ  ی. برا یدندگرد  ییشناسا  Diploscapter coronatusو    Metarhabditis blumiبه عنوان    یبترتبهسنجی،  ریخت و  

M. blumi    18و ژنS rRNA  یبرا  D. coronatus  ی، داده عموم  هاییگاهدر پاهای تیپ  های جمعیتبه دلیل در دسترس نبودن توالی.  ندشد  یابیی توال  

  نخستین گزارش از وجود   یبررس  ینکرد. ا  ییدرا تأ  شناختیریخت   ییشناسا  انجام شد و  هاگونه   همانو معتبر   شدهییشناسا  هایجمعیت  یربا سا  یسهمقا

M. blumi  نر    نماتدهای  وD. coronatus  کندارائه می را    یراندر ا. 

 

 حشرات   نماتدهای مرتبط باشناختی، گزارش جدید،  شناسی مولکولی، شناسایی ریختشجره ،  هابندی نماتدآرایه :های کلیدیواژه 
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Introduction 

The genus Metarhabditis Tahseen, Hussain, Tomar, 

Shah, & Jairajpuri, 2004, within the family Rhabditidae 

Örley, 1880, was established with Metarhabditis 

andrassyana Tahseen, Hussain, Tomar, Shah, & Jairajpuri, 

2004, as the type species. This genus is characterized by six 

globular lips forming three doublets, metastegostom with a 

cluster of knobbed, setose denticles born on each plate, 

cylindrical pharyngeal corpus, a didelphic-amphidelphic 

reproductive system, and a short rectum (equal to or 

slightly longer than the anal body diameter). Additionally, 

the lips are fused in pairs. In males, the bursa is either 

pseudo-leptoderan or peloderan, bearing eight pairs of 

genital papillae, two of which are located anterior to the 

cloacal aperture. The last pair is significantly reduced or 

even absent. The genital papillae follow a 1+1+1/3+2+ph 

arrangement, and the spicules are free and not fused distally 

(Tahseen et al. 2004). 

The genus was revised by Sudhaus (2011), who 

transferred five species from Rhabditis Dujardin, 1845, 

including R. adenobia Poinar, 1971, R. blumi Sudhaus, 

1974, R. costai Martins, 1985, R. freitasi Martins, 1985, 

and R. rainai Carta & Osbrink, 2005, as well as Oscheius 

amsactae Ali, Pervez, Andrabi, Sharma & Verma, 2011, 

from Oscheius Andrássy, 1976 into Metarhabditis. 

Subsequently, M. giennensis Abolafia & Peña-Santiago, 

2019 was described from Spain, along with a key for 

species identification (Abolafia & Peña-Santiago 2019). 

Metarhabditis longicaudata Khanum, Javed & Mehmood, 

2019, was later described from Pakistan. To date, the genus 

Metarhabditis includes nine valid species. 

The genus Diploscapter Cobb, 1913, in the family 

Diploscapteridae Micoletzky, 1922 is characterized by a 

bilaterally symmetrical cephalic region bearing six lips, 

each with a labial sensillum. These small nematodes 

possess a cuticle with fine annulations, and in some species 

with delicate longitudinal incisures. The lip region is set off 

from the neck. The subdorsal and subventral lips are hook-

shaped and sclerotized, while the lateral lips are 

membranous and modified. Stoma rhabditoid and 

elongated, with a non-cuticularized cheilostom, parallel-

walled gymnostom, and a metastegostom without denticles. 

The pharynx includes a swollen metacorpus. The female 

reproductive system is didelphic-amphidelphic, with the 

vulva located at or slightly behind the mid-body. Males 

possess free and well sclerotized spicules, and a peloderan 

or leptoderan bursa, open and moderately developed, with 

six to nine pairs of genital papillae (Shokoohi & Abolafia 

2019). 

During a nematode survey conducted in the eastern 

forests of Guilan province, northern Iran, two insect-

associated nematode species were recovered from soil 

samples and identified as Metarhabditis blumi (Sudhaus 

1974) Sudhaus, 2011 and Diploscapter coronatus (Cobb 

1893) Cobb, 1913. Detailed morphological observations 

using light microscopy, combined with molecular analyses 

of the ITS region (M. blumi) or partial 18S rRNA gene (D. 

coronatus), confirmed the identifications. This study 

represents the first report of the genus Metarhabditis in 

Iran, and the first record of the male D. coronatus in Iran, 

although the female of D. coronatus was previously 

recorded from Iran by Eyualem et al. (1998). Here, we 

provide a detailed morphological redescription of the 

Iranian populations of both species, supported by molecular 

characterization, as well. 

 

Materials and methods 

Nematode populations  

During 2021, several samples of soil, decaying wood, 

and insects (particularly beetles from the superfamily 

Scarabaeoidea) were collected across various forest regions 

in Guilan province, northern Iran. Nematodes were 

extracted from soil using the insect-baiting technique 

developed by Bedding and Akhurst (1975), employing final 

instar larvae of the greater wax moth, Galleria mellonella 

L. Soil samples were placed in 300 mL plastic containers 

with lids and inoculated with 10 larvae per container. The 

containers were maintained under laboratory conditions for 

5-7 days. Infected larvae were identified based on color and 

morphological changes, then transferred individually to 

White traps (White 1927).   

To extract the nematodes directly from insects, 

specimens were first washed to remove superficially 

attached nematodes and then dissected. Cadavers were 

placed on agar Petri dishes for 7–10 days to encourage 
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nematode emergence. Nematodes from both soil and insect 

samples were observed under a stereomicroscope and 

manually picked. Adult nematodes intended for 

morphological analysis were fixed using boiling FGA 

solution (formaldehyde, glycerin, and acetic acid in a 4:1:1 

ratio), followed by processing into anhydrous glycerin (De 

Grisse 1969). Permanent slides were prepared and 

examined using an Olympus BH2 light microscope. 

Morphometric data were obtained using a drawing tube 

attached to the microscope. Photomicrographs were taken 

with a digital camera mounted on the same microscope, and 

line drawings prepared with the aid of the drawing tube. 

DNA Extraction, PCR and Sequencing 

Single nematode specimens were handpicked under a 

stereomicroscope, examined under light microscopy, and 

transferred to 10 μL distilled water on a glass slide. Each 

specimen was crushed with a pipette tip, and the lysate was 

collected into 50 μL TE buffer (10 mM Tris-Cl, 0.5 mM 

EDTA; pH 9.0, Qiagen, Valencia, CA, USA). DNA 

extracts were stored at -20°C until use. 

For PCR amplification, 1 μL of DNA extract was added 

to a reaction mixture containing 2.5 μL 10X NH4 buffer, 

0.75 μL MgCl2 (50 mM), 0.25 μL dNTPs mixture (10 mM 

each), 0.75 μL of each primer (10 mM), 0.2 μL BIOTAQ 

DNA Polymerase (BIOLINE, UK), and double-distilled 

water to a final volume of 25 μL. 

The ITS rRNA region was amplified using the forward 

primers TW81 (5’-GTTTCCGTAGGTGAACCTGC-3’) 

and AB28 (5’-ATATGCTTAAGTTCAGCGGGT-3’) 

pairs (Subbotin et al. 2006), along with the reverse primer 

5.8SM5 (5'-GGCGCAATGTGCATTCGA-3') (Vovlas et 

al. 2008). The partial 18S rRNA gene was amplified using 

primers 1096F (5′-GGTAATTCTGGAGCTAATAC-3′), 

1912R (5'-TTTACGGTCAGAACTAGGG-3') (Holterman 

et al. 2006). 

PCR cycling conditions included an initial denaturation 

at 94°C for 2 min, followed by 35 cycles of denaturation at 

94°C for 30 s, annealing at 55°C for 45 s, and extension at 

72°C for 3 min, with a final extension at 72°C for 10 min. 

PCR products were sequenced in both directions using the 

same primers as used for amplification.  

Phylogenetic analyses  

Newly generated ITS and partial 18S rRNA sequences, 

along with related sequences of rhabditid nematodes 

retrieved from GenBank, were used for phylogenetic 

reconstructions. Sequence alignments were performed 

using MUSCLE (Edgar 2004) implemented in MEGA 5.0 

(Tamura et al. 2011), using default parameters. Sequence 

alignments were manually checked and refined in MEGA 

5.0. 

The best-fitting nucleotide substitution model for each 

dataset was selected using the Bayesian Information 

Criterion (BIC) implemented in jModelTest (Posada 2008). 

Phylogenetic analyses were conducted using Bayesian 

inference (BI) in MrBayes.1.2 (Ronquist & Huelsenbeck 

2003). A 50% majority-rule consensus tree was constructed 

from the retained topologies, and posterior probabilities 

(PP) values were shown at major clades. Resulting trees 

were visualized using TreeView (Page 1996). 

 

Results  

Metarhabditis blumi (Sudhaus, 1974) Sudhaus, 2011  

(Figs 1 and 2) 

Measurements 

See Table 1. 

Description  

Female: Large nematodes, body straight or slightly 

ventrally curved after fixation. Cephalic region continuous 

with the body contour, six lips distinct, amphidial openings 

not observed. Stoma contains setose denticles at the base, 

resembling bristle-like teeth, and nodes on metastegostom, 

indicating a complex structure. Pharynx composed of a 

cylindrical corpus, narrow isthmus, and spherical to oval 

basal bulb; cardia small, surrounded by intestinal tissue. 

Intestine simple, without distinct specializations. Rectum 

short, anus functional and distinct. Nerve ring encircles the 

isthmus. Excretory pore located at level of isthmus. 

Reproductive system didelphic-amphidelphic, both ovaries 

reflexed at distal ends. Uteri usually filled with developing 

eggs. Vulval lips non-protruding. Tail conical, gradually 

tapering to a pointed tip. 
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Figure 1. Photomicrographs of the Iranian population of Metarhabditis blumi. A: Entire male; B: Entire female; C & D: Anterior 

end of female; E: Pharyngeal region of female showing corpus, isthmus, and terminal bulb; F: Female conical tail with pointed tip; 

G & H: Male tail showing bursa, spicules, and genital papillae. (Scale bars: A & B = 100 µm, C-H = 20 µm). 

Male: Similar to females in general morphology, but 

smaller in size. Spicules curved at the distal end, well 

sclerotized; gubernaculum linear, simple. Bursa 

leptoderan, bearing eight pairs of genital papillae arranged 

in a 1+1+1/3+2+ph pattern: two pairs located anterior to the 

cloacal opening, one pair at the cloacal level, and five pairs 

posterior to it. The last pair often minute or occasionally 

absent. Tail conical, tapering to a pointed terminus, 

generally shorter than in females. 

Remark: The present Iranian population of M. blumi 

closely resembles the original description in both 

morphological and morphometric characteristics (Sudhaus 

1974). Minor variations, such as a slightly shorter female 

tail (140-162 vs. 156-221 μm) and slightly longer 

gubernaculum (21-24 vs. 16-22 μm) in males, were 

observed but are considered intraspecific variability and 

not taxonomically significant.  
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Figure 2. Line drawings of Iranian population of Metarhabditis blumi. A: Entire female; B: Entire male; C & D: Anterior region of 

female showing lip structure and stoma; E: Female anterior region including pharynx; F: Male tail with spicules and genital papillae; 

G: Female tail, conical with pointed tip. (Scale bars: A & B = 40 µm, C-G = 20 µm). 

Diploscapter coronatus (Cobb, 1893) Cobb, 1913 

(Figs 4 and 5) 

Measurements 

See Table 2. 

Description  

Female: Body straight or slightly ventrally curved after 

fixation. Cuticle finely annulated with transverse striations. 

Cephalic region with well-sclerotized, hook-shaped 

subdorsal and subventral lips; lateral lips membranous and 

fan-shaped. Stoma rhabditoid; cheilostom weakly 

cuticularized, without glottoid apparatus. Pharynx 

composed of corpus, distinct isthmus, and basal bulb. The 

corpus is subdivided into longer procorpus and a shorter 

metacorpus. Terminal bulb spherical to oval. Cardia 

conical, surrounded by intestinal tissue. Nerve ring 

encircling isthmus. Excretory pore located at the level of 

the anterior part of the pharyngeal bulb. Deirids present at 

the level of the isthmus. Reproductive system didelphic-

amphidelphic with two reflexed ovaries. Vulva at mid-body 

to slightly posterior, vulval lips not elevated. Rectum short, 

slightly exceeding the anal body diameter. Tail conical, 

uniformly narrowing toward a finely rounded or sharp tip. 

Phasmids located at the anterior one-fifth of tail length. 
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Table 1. Morphometrics of the Iranian population of Metarhabditis blumi (Sudhaus, 1974) Sudhaus, 2011 and the type population. 

All measurements are in μm and presented as mean ± SD (range). 

 Present study 
Type population 

(Sudhaus, 1974) Sudhaus, 2011 

Character Females Males Females Males 

n 10 5 - - 

L 1309 ± 127 (1180-1500) 1051 ± 18.4 (1026-1070) 1324-1819 995–1415 

a 21.0 ± 3.2 (15.6-25.2) 21.5 ± 4.2 (18.5-24.4) 18.0-23.3 17.3–22.3 

b 5.4 ± 0.7 (4.7-6.5) 4.4 ± 0.1 (4.3-4.5) 4.8-6.1 4.2–5.9 

c 8.5 ± 0.9 (7.6-10.1) 19.0 ± 3.0 (15.3-21.9) 7.0-9.7 17–27 

V 49.9 ± 1.7 (46.8-51.5) - 48-52 - 

G1 25.1 ± 3.1 (23.0-27.3) - - - 

G2 26.5 ± 8.0 (20.8-32.1) - - - 

Stoma length 29.5 ± 0.7 (29.0-30.0) 26.0 ± 1.4 (25.0-27.0) 29-35 25–27 

Pharynx length 242 ± 14.0 (220-261) 238 ± 2.1 (236-240) 244-298 226–276 

Nerve ring from anterior 171 ± 5.7 (167-175) 169 ± 19.8 (155-183) - - 

Excretory pore from 

anterior 
201 ± 7.1 (196-206) 187 ± 2.1 (185-188) 208-227 - 

Max. body diameter 63.8 ± 11.9 (50.0-80.0) 49.5 ± 10.6 (42.0-57.0) 59-85 49–68 

Anal body diameter 25.0 ± 4.2 (22.0-28.0) 17.8 ± 2.5 (16.0-22.0) - - 

Testis length - 606 ± 32.7 (576-640) - - 

Tail length 151 ± 9.5 (140-162) 57.4 ± 8.4 (48.0-69.0) 156-221 50–66 

Spicules length - 50.0 ± 3.9 (44.0-54.0) - 45–51 

Gubernaculum length - 22.2 ± 1.1 (21.0-24.0) - 16–22 

 

Male: Similar to female in general morphology, except 

for the reproductive system. Testis reflexed ventrally at the 

tip. Spicules separate, well cuticularized, distally curved. 

The gubernaculum is simple and nearly straight with a 

slight proximal curve. Bursa peloderan, open, bearing 

seven pairs of genital papillae; two precloacal pairs, and 

five postcloacal pairs, arranged in a 1+1/1+2+1+1 pattern. 

Tail short and conical. 

Remark: The Iranian population of D. coronatus 

closely matches the morphological and morphometric 

features of both the type population (Cobb, 1893; 1913) and 

the previously reported Iranian population described by 

Eyualem et al. (1998) as well. No significant differences 

were observed, and the population is considered 

conspecific with both the type material and the previous 

Iranian specimens. Compared to the previously reported 

Iranian population, minor variations such as a slightly 

shorter stoma length (17-19 vs. 19-23 μm) and a more 

slender body in females (a = 12.6-14.7 vs. 15.5-17), were 

observed, but these are regarded as intraspecific variability 

and not taxonomically significant. 

Phylogenetic position of Iranian populations of M. 

blumi and D. coronatus  

Sequencing of the internal transcribed spacer (ITS) 

region from the Iranian population of M. blumi yielded a 

684 bp fragment (GenBank accession number: PP780170). 

A BLASTN search revealed 91.5% identity with M. blumi 

(DQ121436), 88.8% identity with M. amsactae 

(MH392568), and 86.1% identity with another sequence of 

M. amsactae (MT873044). 
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Figure 3. Bayesian phylogenetic tree of the Iranian population of Metarhabditis blumi inferred from ITS rRNA sequences using the 

GTR+G+I model. Posterior probability values >50% are  shown on  relevant clades. The Iranian population from this study is shown 

in bold.  
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Table 2. Morphometrics of the Iranian population of Diploscapter coronatus (Cobb, 1893) Cobb, 1913. All measurements are in 

μm and presented as mean ± SD (range). 

 

Alignment with the closest match (M. blumi, 

DQ121436) revealed 34 nucleotide differences across the 

ITS region. This level of divergence may reflect 

intraspecific variability or geographical differentiation. 

Given that the ITS region is known for its high variability 

and rapid evolution, such differences are not unexpected. 

As a results, the identification of the Iranian population as 

M. blumi is considered tentative and is supported by a 

combination of morphological characteristics and 

molecular data. 

Despite this variation, phylogenetic analysis placed the 

Iranian population in a strongly supported clade with M. 

blumi (DQ121436), confirming its affiliation within the 

genus Metarhabditis (Figure 3). 

A 796 bp sequence of the 18S rRNA gene was obtained 

from the Iranian population of D. coronatus (GenBank 

accession number: PP780016). A BLASTN analysis 

showed 99.4% identity with D. coronatus (OZ038422), 

indicating a close genetic relationship. High similarity was 

also observed with other D. coronatus sequences, including 

KJ636377 and AY593921. 

 Present study 
Iranian population 

Eyualem et al. (1998) 

Ethiopian population 

Eyualem et al. (1998) 

Character Females Males Females Females 

n 10 6 14 20 

L 319 ± 17.2 (300-338) 292 ± 26.7 (256-322) 350.9 ± 23.4 (317-403) 427.5 ± 25 (395-480) 

a 13.2 ± 0.8 (12.6-14.7) 13.1 ± 1.6 (11.0-14.6) 16.2 ± 0.4 (15.5-17) 17.7 ± 1.2 (I5.8-19.8) 

b 3.8 ± 0.2 (3.4-3.9) 3.6 ± 0.2 (3.3-3.9) 4.0 ± 0.2 (3.7-4.4) 4.0 ± 0.2 (3.6-4.1) 

c 6.7 ± 0.6 (5.7-7.3) 14.3 ± 1.4 (12.8-16.1) 7 ± 1.1 (5.8-9.6) 7.8 ± 0.7 (6.3-9.2) 

cʹ 4.3 ± 0.6 (3.5-4.8) 1.1 ± 0.1 (1.0-1.3) 5.3 ± 0.8 (3.5-6.1) 4.9 ± 0.7 (4.1-6.5) 

V 52.6 ± 1.9 (49.5-54.4) - 53.7 ± 2.1 (50.1-58.4) 53.2 ± 1.5 (50-55.7) 

G1 15.4 ± 2.2 (12.3-17.8) - 51.8 ± 7.2 (43-65) 60.7 ± 11.3 (39-94) 

G2 13.8 ± 1.4 (12.2-15.4) - 48.7 ± 9.1 (31-65) 55.9 ± 11.1 (38-72) 

Stoma length 18 ± 1.0 (17.0-19.0) 17.0 ± 0.8 (16.0-18.0) 20.9 ± 1.2 (19-23) 21.8 ± 0.9 (20-23) 

Pharynx length 85.0 ± 4.1 (80.0-89.0) 80.6 ± 8.2 (66.0-85.0) 67.5 ± 2.7 (64-73) 108.5 ± 5.2 (95-114) 

Nerve ring from 

anterior 
60.3 ± 2.1 (58.0-63.0) 56.0 ± 7.5 (43.0-62.0) 66.5 ± 3.1 (60-71) 70 ± 3 (65-77) 

Excretory pore 

from anterior 
55.5 ± 5.7 (49.0-63.0) 49.8 ± 4.9 (45.0-58.0) 75.1 ± 3.9 (67-82) 79 ± 4.9 (70-89) 

Vulval body 

diameter 
24.2 ± 1.5 (23.0-26.0) - - - 

Anal body 

diameter 
11.2 ± 1.0 (10.0-12.0) 18.5 ± 2.1 (15.0-21.0) 9.6 ± 0.8 (9-12) 11.3 ± 1 (10-14) 

Rectum length 15.0 ± 1.7 (13.0-17.0) - 11.5 ± 1.6 (8-14) 19.6 ± 1.2 (17-22) 

Testis length - 139 ± 16.3 (120-160) - - 

Tail length 48.0 ± 5.2 (42.0-57.0) 21.9 ± 2.2 (20.0-25.0) 51 ± 9 (36-67) 55.5 ± 6.3 (45-71) 

Spicule length - 26.3 ± 1.3 (24.0-28.0) - - 

Gubernaculum 

length 
- 11.5 ± 1.2 (10.0-13.0) - - 
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Figure 4. Photomicrographs of the Iranian population of Diploscapter coronatus. A: Entire female; B: Entire male; C: Anterior 

region of female showing pharyngeal structures; D & E: Female head showing lip region and stoma; F & G: Male posterior body 

with detailed view of tail and spicules. (Scale bars: A & B = 20 µm, C-G = 10 µm). 

 

In the phylogenetic tree based on 18S rRNA sequences 

(Figure 6), the Iranian population clustered with strong 

support among D. coronatus sequences, further supporting 

its identification.  

 

Discussion 

The nematode populations identified in this study as M. 

blumi and D . coronatus exhibit strong morphological and 

molecular congruence with previously described 

populations. The Iranian population of M. blumi was 

largely consistent with the original description (Sudhaus, 

1974), though the ITS sequence differed by 34 nucleotides 

from its closest match GenBank (M. blumi, DQ121436). 
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Given the rapid evolution and inherent variability of the 

ITS region, this level of divergence likely reflects 

intraspecific variation or geographical differentiation. 

Therefore, the identification of the Iranian population as M. 

blumi remains tentative and is supported by both 

morphological features and partial molecular evidence. 

 

 

Figure 5. Line drawings of the Iranian population of Diploscapter coronatus. A: Entire male ; B: Entire female; C: Anterior region 

of female; D: Female head showing lip region; E: Posterior region of female showing tail morphology; F: Male posterior region 

showing spicules and bursa. (Scale bars: A-F = 20 µm). 

In the case of D. coronatus, the Iranian population 

showed general agreement with the original descriptions 

and clustered phylogenetically with other well-

characterized D. coronatus sequences based on the 18S 

rRNA data. The high degree of sequence similarity 

(99.37%) and congruent morphological characteristics 

support its identification with confidence. 
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Figure 6. Bayesian phylogenetic tree of the Iranian population of Diploscapter coronatus inferred from partial 18S rRNA sequences 

using the GTR+G+I model. Posterior probability values > 50% are shown  on relevant clades. The Iranian population from this study 

is shown in bold.  
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