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Report of a mermithid nematode infecting Amyna axis, Chrysodeixis spp. and Spodoptera 
spp. from India

ABSTRACT: Amyna axis (Lepidoptera: Erebidae), Chrysodeixis spp. (C. acuta and C. eriosoma) and Spodoptera spp. (S. exigua and S. litura) 
(Lepidoptera: Noctuidae) are important polyphagous insect-pests of leguminous crops. A mermithid (Nematoda: Mermithidae) nematode was 
found parasitizing the larval stages of these insects in the western Indian state of Rajasthan. Morphological and molecular analysis suggests 
that the nematode might be a species of the genus Hexamermis. The average length of post-parasitic nematode juveniles was 15 cm, and the 
average greatest body width was 1.5 mm. The vulva was median (V% = 48) without vulval flap. Approximately 100-125 µm long caudal 
appendages were present on tail. The cross-section revealed the presence of six hypodermal chords at the mid body region, and stichosome 
was present. The 18S rDNA sequence showed 99% similarity to mermithid nematode. A phylogenetic analysis of 18S rDNA sequences of 
mermithids resulted in identification of a new clade “Lineage 3” which included representatives of Mermis sp., Isomermis sp., Limnomermis 
sp., and Pheromermis sp. This is the first report of natural mermithid parasitism of A. axis and Chrysodeixis spp. along with its molecular 
characterization.

INTRODUCTION

Lepidopteran insects pose a major threat to Indian 
 agriculture by causing extensive damage to field and orchard 
crops. Amyna axis (Lepidoptera: Erebidae), Chrysodeixis 
spp. and Spodoptera spp. (Lepidoptera: Noctuidae) are 
economically important polyphagous insect-pests of 
leguminous crops, and are widely distributed throughout 
India (Gill et al., 2015; Singh and Singh, 1991; Meena et 
al., 2016). Mermithid nematodes (Enoplida: Mermithidae) 
are obligate parasites of arthropods and are known to 
infect insects of fifteen different orders (Nickle, 1981). 
Several species of mermithids under eight genera, viz., 
Agamermis, Geomermis,  Hexamermis, Limnomermis, 
Mermis, Ovamermis, Pentatomermis, and Romanomermis 
have been reported from various agro-ecological zones of 
India (Devasahayam and Abdulla-Koya, 1994; Rahaman et 
al., 2000). Hexamermis spp., are parasites of lepidopteran 
insects with higher level of incidence in the  insects feeding 
on low-growing crops (Bhatnagar et al., 1985). The 

identification of mermithid nematodes at species level is 
difficult because of fewer distinguishable morphological 
characters, environmental effects on morphology, use of 
inadequate number of specimens during earlier descriptions 
(Poinar, 1975), and the lack of information on specific host–
parasite associations (St-Onge et al., 2008). In addition, DNA 
sequence information is also not available for majority of the 
described mermithid species (Stubbins et al., 2015). Here 
we report the natural mermithid infection of lepidopteran 
insects, viz., A. axis, C. acuta, C. eriosoma, S. exigua and S. 
litura from the western Indian state of Rajasthan. Based on 
the morphological and molecular observations, the nematode 
was found to be a species of genus Hexamermis. To the 
best of our knowledge, this is the first report of a mermithid 
parasitism of A. axis and Chrysodeixis spp. In addition, we 
also provide DNA sequence information for 18S ribosomal 
DNA (18S rDNA) molecular marker for the identified 
 Hexamermis sp. along with an updated molecular phylogeny 
of the mermithid nematodes.
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MATERIALS AND METHODS

Insect sampling and nematode collection

As a part of an ongoing study to monitor the diversity 
of insect pests and insecticide resistance of Spodoptera spp. 
on soybean (Glycine max) at Agriculture Research Station, 
Maharana Pratap University of Agriculture and Technology, 
Rajasthan, India, the larvae were collected from the field 
for routine observation for the presence of any disease or 
parasitoid. The samples were collected randomly from 
Bagidora and Baneriya Khurd villages of Banswara and 
Pratapgarh districts, respectively, of Rajasthan state, India. 
Live nematodes were found to emerge from few of the collected 
insect larvae. The nematodes were preserved in DESS (Yoder 
et al., 2006), used for further morphological observations 
(Kaya and Stock, 1997) and photomicrographs were obtained 
with Zeiss Axiocam M2m compound microscope equipped 
with AxioVision software.

Nematode identification

The gross morphology of the processed nematodes was 
studied by compound microscope. Further, the nematode 
specimens were cross-sectioned to observe the ultrastructural 
details. For molecular characterization, nematode DNA was 
extracted as described earlier (Subbotin et al., 2000) from 
five individual nematode specimens obtained from each of 
the insect species. The 18S rDNA was PCR amplified by 
primers SSU18A (5’-AAAGATTAAGCCATGCATG-3’) and 
SSU26R (5’-CATTCTTGGCAAATGCTTTCG-3’) (Floyd 
et al., 2002). The amplified products were resolved on 1% 
agarose gel and purified using QIAquick Gel Extraction 
Kit (Qiagen, Valencia, CA, USA). The purified products 
were cloned into pGEM-T Easy vector (Promega, Madison, 
WI, USA) and sequenced via Sanger sequencing. The raw 
sequences were checked for quality, aligned and consensus 
sequences were generated for each of the specimen. For the 
phylogenetic analysis, a blast search was conducted against 
NCBI nucleotide database, the top matching sequences 
were retrieved, and used for reconstruction of a Maximum 
 Likelihood  phylogenetic tree using MEGA6 software 
 (Tamura et al., 2013).

RESULTS AND DISCUSSION

The nematode infected insect larvae were recovered 
from both of the districts of Rajasthan, India, which are 
geographically approximately 120 kilometers apart from 
each other (Fig. 1 A). The nematode parasitism occurred 
only in Amyna axis, Chrysodeixis spp. and Spodoptera spp., 
while the other insect species, viz., Achaea janata, Aegocera 
sp., Spilarctia obliqua and Aloa lactinea were free from any 
nematode parasitism. The percentage of nematode parasitism 
in Spodoptera and Chrysodeixis was found to be 7.14% 

(n=140) and 9.09% (n=55), respectively, while infestation of 
A. axis was lower at 4.20% (n=47). After emergence of the 
nematodes, the larvae died and readily succumbed to bacterial 
infection and started rotting (Fig. 1 B-E). All the nematodes 
emerged from the anterior portion and the integument of the 
larval body.

The morphological observations of the post-parasitic 
nematode juveniles (n=5) emerged from the insect larvae 
revealed the presence of well-developed stichosomes – a 
diagnostic character of family mermithidae (Nematoda) 
(Kaya and Stock, 1997). Detailed observations (Fig. 2A-H) 
of the post-parasitic juveniles revealed the average length to 
be 15 cm, while the longest one was measured to be of 17 
cm in length. The average greatest body width was 1.5 mm. 
Vulva was found almost at the mid body (V% = 48) without 
vulval flap. Caudal appendage was present on tail and was 
100-125 µm long. Inspection of the cross-section revealed 
the presence of thick cuticle and well-developed musculature 
in the interchordal zone. Six hypodermal chords were seen 
at the mid body region. Analysis of the morphological 
characters of the nematodes isolated from the insects showed 
close proximity to Hexamermis sp. (Kamminga et al., 2012; 
Poinar et al., 1981; Poinar and Chang, 1985; Rubstov, 1976). 
However, because of absence of males and lack of adequate 
number of good quality adult nematode specimens, we were 
unable to identify the species of this nematode. Under low 
magnification, several pore-like openings were observed in 
the cuticle with channel-like structures underneath, running 
across the cuticular layers. However, detailed observations 
of these structures under high magnification neither revealed 
any cuticular opening nor presence of a channel through the 
cuticular strata. Instead, an elongated spindle shaped structure 
was observed beneath them. Similar kind of pore-like 
structures in the cuticle were also observed in Romanomermis 
culicivorax by Platzer and Platzer (1985), but any conclusive 
evidence could not be represented to designate these structures 
as “body pores”. Instead, they were assumed as porous regions 
in the cuticle that may help in transmembrane transport of 
various substances. Several terrestrial mermithids are known 
to infect both immature and adult insects (Petersen, 1985) 
and Hexamermis spp. are largely reported to be associated 
with a plethora of lepidopteran insects under Indian condition 
(Bhatnagar et al., 1985; Rahaman et al., 2000). However, 
this is the first report of a Hexamermis like species infecting 
A. axis and Chrysodeixis spp. anywhere in the world.

The PCR amplification of 18S rDNA region yielded 
930 bp fragments from all the specimens. Alignment of the 
sequences from all specimens revealed them to be 100% 
identical, suggesting that they belonged to one particular 
species. The representative sequence of 18S rDNA region 
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has been submitted to GenBank with accession number 
MH171724. BLAST search against NCBI nr database 
showed that the 18S sequence was 99% similar to a 
mermithid (accession no. LC114020, query coverage=96%, 
e-value=0). The present investigation is the first molecular 
characterization of a Hexamermis like species from India. 
The maximum likelihood phylogenetic analysis revealed 
the presence of three distinct lineages in the mermithids 

(Fig. 3). Lineages 1 and 2 were obtained as originally 
proposed by Larose and Schwander (2016) and contained 
unknown mermithids obtained from different Timema stick 
insect species (Larose and Schwander, 2016). Interestingly, 
the mermithid sp. obtained from lepidopteran insects in 
India grouped into “lineage 1” along with other unknown 
mermithids. However, use of additional mermithid 18S rDNA 
sequences (Bik et al., 2010; Villemant et al., 2015; Tripodi 
and Strange, 2018) resulted in generation of a new clade that 
we propose as “Lineage 3” in this study (Fig. 3). The new 
lineage 3 included representatives of Mermis sp., Isomermis 
sp., Limnomermis sp., and Pheromermis sp. To the best of 
our knowledge, this is the most comprehensive and updated  
molecular phylogenetic tree of mermithid nematodes based 
on 18S rDNA marker. However, this conclusion is limited 
to the fact that most sequences used for the construction 
of phylogenetic tree are either unidentified or undescribed 
mermithid sequences. 

Fig. 1. Distribution of identified mermithid species in India 
and its parasitism [(A) The nematode was isolated from 
 Rajasthan state of India. Dead larva of Spodoptera  
litura (B) and Chrysodeixis acuta (C) after emergence of 
nematodes (D, E)]

Fig. 2. Morphology of the mermithid species [(A) Adult  female; 
(B) Anterior end of female; (C) Posterior end of  female; 
(D) Vulva (Latero-ventral view); (E) Pore-like  structures 
in cuticle; (F) Magnified view of cuticle showing no pore, 
instead a sunken area with  elongated spindle shaped 
structure underneath; (G) Ventral nerve cord (VNC); 
(H) Well-developed body muscles in interchordal zone, 
DHC: Dorsal Hypodermal Cord (scale bar:: A: Head 
end to tail- 17 cm; B-E: 100 µm; F-H: 20 µm)]

Fig. 3. Reconstruction of evolutionary relationship of 
 identified mermithid nematode and an updated mo-
lecular  phylogeny of mermithids using 18S rDNA 
 sequences (The evolutionary history was inferred by 
using the Maximum Likelihood method based on Ta-
mura 2-parameter model and bootstrapped 1000 times 
to get the final tree. Branches corresponding to parti-
tions reproduced in less than 60% bootstrap replicates 
are collapsed and the bootstrap values are shown next 
to the branches. The lineages 1 and 2 were proposed by 
Larose and Schwander (2016), whereas lineage 3 has 
been proposed in this study. The nematode reported in 
the present study grouped into lineage 1)
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The present investigation reports a natural mermithid 
infection of the larval stage of A. axis, Chrysodeixis spp., 
and Spodoptera spp. across two districts of Rajasthan, India. 
Morphological and molecular characterization (18S rDNA 
marker) revealed that the nematodes recovered from all the 
infected insect larvae showed close proximity to Hexamermis 
sp. This is the first report of mermithid nematode infection 
of A. axis and Chrysodeixis spp. from India. An updated 18S 
rDNA molecular phylogenetic analysis revealed the presence 
of three major lineages in mermithids, and the present 
mermithid species grouped into lineage 1 along with other 
uncharacterized mermithids. Based on our phylogenetic 
analysis, we propose a third lineage in the mermithids in 
addition to the two earlier lineages proposed by Larose and 
Schwander (2016).
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