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Abstract

Entomopathogenic Nematodes (EPNs) belonging to genera Heterorhabditis and Steinernema have been
known for their bio-control potential against soil inhabiting insects or their life stages present in soil. In
the present study, we identified five isolates of EPN’s from different crop rhizospheres of Uttar Pradesh
through Galleria mellonella (L.). Insect Baiting Technique and White’s Trap Method. Morphological and
morphometric studies of Infective Juveniles (1Js) and first generation male and females revealed the
isolate belonged to the genus Steinernema of the family Steinernematidae. The species level identity of
isolates was confirmed by sequencing of ITS-rDNA region. Our isolate showed maximum homology
with ITS sequences of Steinernema siamkayai available in the NCBI GeneBank. Based on the
morphological and morphometric, and molecular analysis, the nematode isolates were identified as S.
siamkayai. The parasitic potential of S. siamkayai was tested against the soil dwelling stage, pupae of
Helicoverpa armigera (Hub.) and results demonstrated that S. siamkayai was found to reduce / inhibit 60
to 90 per cent of adult emergence from pupae present in soil at varied numbers of 1J concentration. This
study reports identification and entomopathogenicity of S. siamkayai against soil dwelling pupal stage of
H. armigera.

Keywords: Entomopathogenic nematodes (EPNs), Steinernema siamkayai Galleria mellonella,
Helicoverpa armigera, ITS-rDNA

Introduction

Entomopathogenic Nematodes (EPN’s) Steinernema spp. and Heterorhabditis spp. belonging
to the families, Steinernematidae and Heterorhabditidae have been reported as potential
biological control agents for the suppression of soil-inhabiting insects and their life stages.
EPNs, Steinernema spp. and Heterorhabditis spp possess species-specific symbiotic bacteria of
the genus Xenorhabdus and Photorhabdus > 4. Isolating indigenous EPN population is an
important step to attain the effective biological control of soil inhabiting insects and their life
stages due to their better adaption to prevailing parameters of local environment [,
Temperature and host availability are thought to be an important factors in determining their
distribution in soil habitat 4. Their occurrence and distribution has been reported from varied
local geographical locations 4. In the last three decades, many EPNs have been isolated in
various habitats all over the world, revealing hundreds of new isolates and many new species
(261, Currently, over 80 species of Steinernema and 20 species of Heterorhabditis have been
described (NCBI. 2015). Most of these EPNs were isolated from either North America or
Europe %, In India, they have been studied from all ecological zones [*31. These nematodes
can easily be mass multiplied on in vivo and in vitro production systems.

Introduction of new EPN isolates as bio-control agents in particular region requires prior
knowledge of their occurrence, distribution and proper identification of native species.
Identification of new indigenous isolates is not always straight forward and they lack
morphological variations, thus many researchers have relied on analysis of ITS-rDNA
sequence, a potentially highly variable region found useful for differentiating the species and
strains of Steinernema [32 331, Therefore we attempted to identify EPNs isolated from different
crop rhizospheres of Uttar Pradesh and their efficacy was assessed against soil dwelling pupae
of Helicoverpa armigera (Hub.).
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Materials and methods

Geography of the soil sample survey site

The Uttar Pradesh is situated in the heart of Indo-Gangetic
Plain, the average temperature varies in the plains from 3° to
4 °C in January, 43° to 45 °C in May. The climate of the
region is warm, humid and varies from tropical to sub-
tropical. There are three distinct seasons - winter from
November to February, summer from March to June, and the
rainy season from June to September. Total of 150 soil
samples were collected randomly from different crop
rhizospheres (Table 1) in different areas of Uttar Pradesh
having good crop coverage. The sampling was carried out
randomly and from each sample, approximately 500 g of soil
was drawn from composite sample of 6-8 subsamples taken at
0- 15 cm depth in an area of approximately 25 m? with the
help of hand showel.

Isolation and storage of Entomopathogenic nematodes
(EPNSs)

The EPNs were isolated by using the insect baiting method
described by Bedding and Akhurst (I, Moistened soil obtained
from each sample was placed in 250 ml plastic container and
was baited with last instar larvae of Galleria mellonella L.
The dead larvae were washed in distilled water and placed in
modified White’s Trap [l to collect infective juveniles (1Js)
from dead larvae. The resultant nematode suspension was
used for artificial infection of the larvae of G. mellonella at
24- 27 °C 9 The recovered 1Js were kept in vented tissue
culture flask at 27 °C until use. After storage at 27 °C for one
week, they were allowed to acclimatize at room temperature
for 1h and their viability was checked by observation of
movement under a stereomicroscope. They were repeatedly
sub-cultured on larvae of G. mellonella to obtain large
number of pure populations of infective juveniles (1Js) for
subsequent studies.

Morphological and morphometric characterization of
EPNs

The temporary and permanent mounts of isolates (I1PR 01,
IIPR 02, IIPR 03, IIPR 04 and IIPR 05) of EPNs were
prepared for morphological and morphometric study. Ten
each Infective juveniles (1Js) and first generation males and
females of each isolates were used for studying the standard
key morphometric traits as suggested by Hunt . To confirm
this, species level identification was done by molecular

approach and was compared to those available in Gene Bank
[13, 25]

Molecular Characterization of EPNs

DNA extraction and Polymerase Chain Reaction (PCR):
The genomic DNA was extracted from a single first
generation female using a modified method of Joyce et al. 18],
using Qiagen Blood and Tissue Kit. Nematodes were
collected from White’s Traps under sterile conditions of
laminar flow, and placed in sterile 1.5 ml Eppendorf tubes.
The nematodes were rinsed three times using approximately 1
ml distilled water per wash. After washing, DNA was
extracted and stored at 4 °C.

PCR amplification: DNA suspension of 10 ul was added to a
PCR reaction mixture containing 2.5ul 10X PCR buffer with
MgCls, 0.5pl ANTP mixture (10mM each), 0.5ul (100pM/ul)
of each primer, 0.3U Taq polymerase and 10.7ul double
distilled water to make the volume of 25ul. The forward
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primer TW81 (5’- GTTTCCGTAGGTGAACCTGC- 3’°) and
the reverse primer AB28 (5°-
ATATGCTTAAGTTCAGCGGGT- 3”) were used in the PCR
reaction for amplification of the complete ITS. The
amplification profile was carried out using a BioRad thermo-
cycler, which was preheated at 94 °C for 5min followed by 35
cycles of 92 °C for 60s, 60 °C for 30s and 72 °C for 60s and
then 72 °C for 10min. After DNA amplification, Sul of
product was visualized in 1.5% agarose gel. Amplified
product was purified using a Qiagen Gel Purification Kit.
DNA fragments were sequenced by Sanger's method
(Eurofins Genomics India Pvt., Ltd., Bengaluru. India)

Pathogenic potential of EPN isolates against pupae of H.
armigera

In order to maintain sufficient number of H. armigera pupae
for the experiment, Culture of H. armigera were collected
from infested field at New Research Centre and maintained at
laboratory, Division of crop protection, ICAR-Indian Institute
of Pulses Research, Kanpur. The pathogenic test of S.
siamkayai isolates against pupae of H. armigera was carried
out in laboratory. If we target the specific soil dwelling stage
(pupae) of H. armigera and soil application potential EPN can
suppress the next generation population, it lead to lower
infestation of crops. Sterilized sandy loam soil weighing 100g
was put in plastic sample container (60 mm dia.) and 20 ml
sterilized distilled water was added to moisten the soil. Five
concentrations of nematode (0, 500, 1000, 2000, 3000
IJs/container) were added in the soil having five pupae of H.
armigera. Each concentration was replicated thrice. The
emergence of adult was recorded every day up to 10 to 12
days and per cent suppression of adult emergence from soil
was calculated.

Results

Survey for indigenous strains of EPNs in Uttar Pradesh
(UP)

Total 150 soil samples collected during survey for presence of
EPNs in five districts of Uttar Pradesh using insect baiting
technique ©) revealed quite low occurrence of EPNs in their
natural habitats compared to other forms of nematodes. Out of
a total 150 samples, EPNs were encountered in only 12
samples (Tablel) therefore; the frequency of occurrence of
EPNSs was eight per cent only. The isolates were designated as
I1PR 01 to IIPR 05.

Morphological and morphometric characterization of
EPNs

Morphometric measurements of various taxonomic characters
were studied under steriozoom microscope for individual
population. The Isolates of EPNs were found to be
Steinernema species on the basis of morphological characters
of the adults which had rounded head, Rhabditoid esophagus,
and distinct excretory pore opening, just at level of mid-
esophagus. Females with amphidelphic ovaries, short
muscular vagina and vulva located near mid body region.
Males monarchic, testis reflexed; spicules were paired,
symmetrical gubernaculum present. Infective juveniles having
annulated cuticle, collapsed stoma, esophagus and intestine
with bacterial pouch located at the beginning of the intestine
(Fig. 1, 2 and 3). Based on morphological studies all five
isolates were identified as Steinernema siamkayai.
Morphometric measurements (minimum to maximum)
observed in the present study showed the length of 1Js 428-
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480 um, head to excretory pore 29-38 um, tail length 28-43
um, greatest width 17-24 um, and esophagus length 90-108
um (Table 2). In first generation females, total body length
ranged from 1085-1189 um, greatest body width 109-152 um,
head to excretory pore 48-64 um, esophagus length 127-142
um and tail length ranged from 21-32 pm (Table 3). Males of
first generation curved posteriorly, J -shaped when heat killed,
total lengths ranged from 1085-1185 pm, spicule length 74-
81lpum and gubernaculum length 47-61um (Table 4). These
morphological measurements matched with earlier described
species of Steinernema siamkayai.

Molecular characterization

The isolates of Steinernema spp. yielded 1kb fragment upon
PCR amplication with the ITS primers. Ribosomal DNA (ITS
region of EPNs) sequences generated for the isolate were
individually matched and aligned with sequences available in
NCBI Gen Bank. Nematode DNA sequence deposited in Gen
Bank under accession number MH260074.1, MH260075.1,
MH260076.1, MH260077.1, MH260078.1 were compared
with sequences of Steinernema spp. available in Gen Bank.
The BLAST search analysis showed maximum identity with
Steinernema siamkayai.

Phylogenetic analysis

The sequences of the ITS-rDNA region of the EPNs were
used to study the phylogenetic relationships between the
Steinernema siamkayai and known Steinernema spp. The
sequence was aligned by BioEdit and phylogenetic analysis of
sequence data done using the Neighbour-Joining method by
using MEGA 6.0. Sequenced data revealed that, more
variability among the interspecies. The ITS regions were
much more variable and provided most of the base differences
for species diagnosis ?1. The isolates 1IPR03, 1IPR04 were
aligned clearly and without gap under same clade, whereas
isolates 1IPRO5, IIPR0O1 and 1IPRO2 aligned with other clades
in phylogenetic tree. (Fig.4)

Pathogenic potential of EPN isolates against pupae of H.
armigera

S. siamkayai suspensions were found pathogenic to pupae of
H. armigera in all varied concentrations except control under
laboratory  condition.  Irrespective of the nematode
concentrations tested, the low mortality was recorded at lower
nematode concentration which increased with increase in
concentration. However, S. Siamkayai was capable of
reducing 60 to 90 per cent pupal emergence from soil in
different dosage level of EPN. (Fig. 5).

Discussion

In the present study, we found the occurrence of EPNs in
regions of Uttar Pradesh where there was evidence of
continuous breeding of host insect pests in cryptic habitat.
The probable reason for low occurrence of EPNs in the
collected samples (8%) was due to climatic factors of
particular region. Our findings supported by the studies of
Ehlers and Peters 1 who reported temperature as one of the
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major climatic factors regulating temporal and spatial
distribution of EPNs. Low occurrence EPNs from the region
might be due to prevalence of high atmospheric temperature,
low relative humidity and long dry spell, resulting in the
suppression of growth and development of the EPNs in the
soil. Present results were further supported by Gaugler [,
who reported that 1IJs of EPNs were very sensitive to
environmental extremes such as temperature and relative
humidity. Hence, high atmospheric temperature and long dry
spell during summer season in Uttar Pradesh may be
influencing the spatial distribution of EPNs.

Our results of morphological and morphometric analysis of
isolates were closely resembled the original description of
Steinernema siamkayai measurements of different stages of
Steinernema species based on their length of 1Js which was
less than 600pm and 428-480um in the present study, Head to
excretory pore 31-365um and Tail length 28-41um (Table 2).
The first generation of male curved posteriorly, J -shaped
when heat killed and first generation of male, total length
average was 1,135 um whereas 1085-1215um in the present
study, spicule 74-81um and gubernaculum 49-65um (Table
4), and narrow, thus these observations are closely agreed
with the original description of S. siamkayai by Stock et al.
34 The accurate diagnosis of these EPN isolates was
supported by incorporating molecular characterization. DNA
sequence and phylogenetic analysis of entomopathogenic
nematodes provided additional criteria for identifying and
delimiting species within Steinernema and analyses of ITS
rDNA sequences also have been used to reconstruct
phylogenetic relationships and delimit nematode species with
similar morphology ™ " 251 Sequences of the internal
transcribed spacer (ITS) regions of Steinernema species have
been used by different authors ¥ 28 in taxonomic and
phylogenetic studies. In the present results showed that,
isolated EPNs ITS region sequences were matched and
aligned with S. siamkayai, when checked with the BLAST
searches analysis with available sequences in NCBI GenBank
these and sequenced data were deposited under accession
number MH260074.1, MH260075.1, MH260076.1,
MH260077.1, MH260078.1, in the GenBank. Sequenced data
had close relationship with S. Siamkayai and, S. abbasi.
Sequence analysis of ITS and 18S rRNA gene well supported
the study of Hussaini et al., !4, Identification and description
of some Indian populations of Steinernema species, in the
present study, Steinernema species were recovered from
different crop rhizospheres of Uttar Pradesh. This is in line
with different Steinernema spp. reported from India 1 which
was confirmed by Khan and Haque % who reported that,
Steinernema species was the predominant species in Western
Uttar Pradesh. Steinernema siamkayai was found to be
pathogenic to H. armigera pupae at all nematode
concentrations; however, the dose mortality relationship was
not linear. Decrease in pathogenicity with age of larvae and
pupae of Pseudaletia unipuncta Haworth (Lepidoptera:
Noctuidae) to S. Carpocapsae was also reported by Medeiros
et al., (2000).

Table 1: Details of Entomopathogenic nematodes isolates collected from different locations

. . . GPS coordinates . .

Isolate code Geographical origin Crop habitat Longitude (N) Latitude (E) EPN Species Soil texture
1IPRO1 IIPR main farm, Kanpur Chickpea 26°48.89' 080°27.383' Steinernema sp. | Sandy loam
1IPR0O2 1IPR NRF, Kanpur Field pea 26°52.24' 080°24.981 Steinernema sp. | Sandy clay
11IPR0O3 CSAU Vegetable farm, Field pea 26°49.802' 080°27.179 Steinernema sp. | Sandy loam
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Kanpur
1IPRO4 Mallapura Cowpea 27°31.329' 080°48.720' Steinernema sp. | Sandy loam
1IPRO5 Bhawanipur Banana 26°29.629' 080°16.398' Steinernema sp. Clay soil

Table 2: Morphometric characters of infective juveniles (1Js) of S. siamkayai (n=10) (Mean and Range, all measurements in pm)

Entomopathogenic Nematode isolates and their NCBI GenBank Accession no.
Characters 1IPRO1 11PR02 1IPRO3 11IPR04 11IPR05
MH260074 MH260075 MH260076 MH260077 MH260078
450.2 (440-460) | 460.5 (428-470) | 475.3 (470-482) | 490.5 (445 - 480) | 470.4 (430 -480)
Greatest width (W) 20.1 (17-22) 21.5 (19.24) 20.2 (17-22) 21.2 (18 - 22) 215 (18- 22)
Excretory pore (EP) 31.2 (31-36) 37.2 (30-37) 34.5 (33-36) 35.5(35-36) 35.5(31-36)
Esophagus length (LS) | 98.2 (95-102) 105.3 (93-108) | 102.2 (90-106) | 106.2 (91-108) | 103.2 (91-105)
Tail length (TL) 36.2 (32-43) 40.2 (28-40) 40.5 (34-40) 42.2 (32 - 42) 41.5 (32 - 41)

Total body length (L)

Table 3: Morphometric characters of first generation females of S. siamkayai (n=10) (Mean and Range, all measurements in pm)
Entomopathogenic Nematode isolates and their NCBI Gen Bank Accession no.

Characters 11PRO1 1IPRO2 1IPRO3 11PRO4 1IPRO5
MH260074 MH260075 MH260076 MH260077 MH260078
1130.8 (1085-1189)

1140.5 (1101-1189) | 1130.3 (1130-1215) | 11415 (1092-1193) | 1135.4 (1090-1190)
126.2 (122-153) | 129.8 (121-149) | 1305 (111-144) | 1285 (109- 138)

Excretory pore (EP) 50.6 (48 - 61) 58.2 (50-64) 60.2 (49 - 60) 59.2 (48- 60) 55.2 (48 - 60)
Esophagus length (LS) | 134.5 (127 -142) | 134.5(132-138) | 1365 (128-142) | 138.5(132-145) | 136.5 (132-138)
Tail length (TL) 245 (21-32) 26.2 (26 - 32) 22.9 (21-32) 25.9 (21-33) 23.1(22- 30)

Table 4: Morphometric characters of first generation male of S. siamkayai (n=10) (Mean and Range, all measurements in pm)

Total body length (L)
Greatest width (W) 128.5 (111 -152)

Characters Entomopathogenic Nematode isolates and their NCBI GenBank Accession no.
11PRO1 (MH260074) | 11PR02 (MH260075) | 1IPR03 (MH260076) | 1IPR04 (MH260077) 11PRO5 (MH260078)
Total body length (L)| 1139.5 (1101-1189) 1132.5 (1130-1215) 1142.5 (1092-1193) 1132.4 (1090-1190) 1142.8 (1085-1189)
Greatest width (W) 124.2 (111 -152) 124.3 (122 - 153) 122.8 (121 - 149) 129.8 (111- 144) 123.5 (109- 138)
Excretory pore (EP) 55.6 (48 - 61) 57.2 (50-64) 58.5 (49 - 60) 59.2 (48- 60) 54.4 (48 - 60)
ESOph‘sz”SS) length | 1365 (127 -142) 137.5 (132 - 138) 135.5 (128 - 142) 137.5 (132 - 145) 135.5 (132-138)
Tail length (TL) 25.1 (21 - 32) 25.2 (26 - 32) 24.9 (21 - 32) 24.9 (21 - 33) 24.1 (22 - 30)
Spicule length (SPL) 77.1 (76- 81) 76.9 (76 - 80) 74.5 (75 -78) 76.2 (74 -79) 74.5 (74 - 80)
Gubernaculum (GuL 54.5 (49-61) 55.5 (50-65) 55.2 (49-63) 55.5 (51-62) 55.4 (51-60)

B. Head region ~ C. Tail region A Echretory pdfe B. Vulva with epiptygma  C. Tail with Mucro

A. whole mount

Fig 1: Morphology of Infective Juveniles (1Js) of Steinernema Fig 2: Morphology of first generation female

siamkayai

E

A. Excretory pore B. Spicule C. Gubernaculum

Fig 3: Morphology of first generation male
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1 = MH2600761IPR3=_5Steinernema_sp.
1

1

MH260078I1PR5=_Steinermema_sp.
EF431958=_Steinemema_thermophilum_TARI_New_Delhi
EF469773=_Steinermema_abbasi_Pakistan

0.02 MG189972=Steinernema_abbasi Meerut UP
] KF312236=_Steinernema_thermophilum_Nagpur MH
MH091332=_Steinernema_siamkayai_Trichy_TN

0.1

MH26007711PR4=_Steinernema_sp.

KY311813=_Steinermnema_siamkayai_Meerut_UP
TH2600741IPR1=_Steinernema_sp.
MH2600751IPR2=_Steinernema_sp.
GQ377414=_Steinernema_siamkayai_Nepal
KM368319=Steinernema_siamkayai_Westren_UP

Fig 4: Phylogenetic relationships of Steinernema species based on ITS rDNA regions.
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Fig 5: Pathogenic potential of S. siamkayai against pupae of H. armigera

Conclusion

On the basis of results obtained in the present investigation, it
may be concluded that, the native isolates of EPNs are better
adapted to the local agro-climatic conditions. The search for
local EPN isolates through systematic survey, identification
and taxonomic characterization are the first critical step in
building an effective biological management strategy. The
isolated EPNs species could be potentially useful in integrated
pest management (IPM) program of H. armigera to develop
new commercial strains adapted to the local environment.
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