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Abstract

Background: Entomopathogenic nematodes (EPNs) are a group of nematode families, have the ability to search for
their hosts, and are considered as promising biological control candidates for insect pests, providing protection to
non-target organisms and the environment.

Results: This study was conducted to isolate indigenous EPN isolates from Egyptian agricultural soils for further use
in biological control programs and study their genetic polymorphism among the previously isolated isolates under
accession no. MH553167 and MK300683 and the new isolate (MH496627), using the start codon targeted (SCoT)
marker. One out of 15 soil samples obtained from a banana cultivated field was positive for the presence of EPNs,
using the Galleria baiting method. Morphological analysis and sequencing of the internal transcribed spacer (ITS)
region suggested that the isolate obtained belongs to Heterorhabditis indica. The sequence of the ITS was
submitted to the National Center for Biotechnology Information (NCBI) and registered under accession no.
MH496627. Ten SCoT primers were used in the study; the polymorphic bands were 68 out of 76 with 89% as
polymorphism percentage. The highest numbers of bands were 10 bands generated by SCoT 1 and SCoT 18 while
SCoT 48 and SCoT 60 recorded the lowest band number (5 bands).

Conclusions: The present study is considered as a preliminary study to demonstrate the effectiveness of the SCoT
marker for the first time in assessing genetic relationships in EPNs.

Keywords: Entomopathogenic nematodes, Start codon targeted (SCoT) marker, Genetic polymorphism,
Heterorhabditis indica

Background
Entomopathogenic nematodes (EPNs) (Steinernematidae
and Heterorhabditidae) are considered being promising
agents, environmentally friendly that can be used in
modern agricultural strategies aiming to control insect
pests (de Brida et al. 2017). Only the infective third-stage
juveniles (IJ) of EPNs are found free living in soils under
different ecological conditions and different kinds of habitats
and are known as non-feeding stages (Hominick et al. 1996).
Heterorhabditis indica is a heat-tolerant nematode sp.

that works best against many insect pests when the

temperature is between 25 and 29°C and can be used as
a biological control agent with great potential. Further-
more, indigenous nematodes are more preferred because
they have no risks to Egyptian fauna and flora, and they
are probably more adaptive (Shehata et al. 2019).
To study the genetic diversity, molecular markers used

mainly reveal naturally occurring polymorphisms at the
DNA level which makes it a powerful method to evalu-
ate the efficacy of different factors on genetic diversity
and population structure (Abd ElAzim et al. 2019). DNA
markers are numerous and distinct and are common
throughout the genome. They are highly polymorphic
and stable and allow the identification of organisms at
each stage of growth (Agarwal et al. 2008).
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Amplified fragment length polymorphism (AFLP),
simple sequence repeats (SSR), inter-simple sequence re-
peats (ISSR), single-strand conformation polymorphism
(SSCP), target region amplified polymorphism (TRAP),
and sequence-related amplified polymorphism (SRAP)
are strongly polymorphic and constant and have been
widely used in molecular taxonomy, gene cloning, phyl-
ogeny, and genetic mapping (Zhao et al. 2009).
Collard and Mackill (2009) developed a simple novel

DNA marker technique, namely start codon targeted
(SCoT) polymorphism. SCoT marker analyses are dom-
inant and reproducible markers. This technique was
constructed from the conserved region surrounding the
translation initiation codon (ATG) based on the design
of a single primer and was well characterized in various
studies examining the genetic relationships in various
species (Amirmoradi et al. 2012). Using agarose gels and
staining, amplification products can be easily imaged by
ordinary gel electrophoresis, making this procedure
more applicable to the massive plant research with
standard equipment.
The present study aimed to describe the assessment of

the molecular taxonomy and genetic relationships
among indigenous EPN isolates belonging to Hetero-
rhabditis indica recovered from three different Egyptian
governorates using SCoT markers.

Methods
Soil sampling
Fifteen soil samples were collected from banana fields in
Port Said Governorate, Egypt (30° 54′ 29.85″ N, 32° 10′
13.98″ E), in 2018. Two hundred fifty grams of the
subsamples was placed into a plastic container and
transferred to the laboratory for further processing. The
soil samples were processed by the insect-baiting G.
mellonella (Galleria trap) method (Bedding and Akhurst
1975). Four last instar larvae of G. mellonella were
placed inside perforated 250-g plastic boxes, filled with
soil, which were then embedded in the soil sample. Soil
samples were stored at 25°C and examined every 4 days
for dead G. mellonella. The larvae showing symptoms of
EPNs’ infection were removed. The dead G. mellonella
larvae were transferred to white traps (White 1927), and
infective juveniles (IJs) collected during the following
days were stored at 16°C in distilled water.

Nematode identification
According to the method of Kary et al. (2009), nematode
DNA was extracted from IJs, by crushing in 30 μl 1×
PCR buffer and then transferred to a pre-cooled steril-
ized 1-ml tube containing 15 μl of the same buffer. The
tubes were incubated at −70°C for 15 min and thawed at
60 °C then inoculated with 5 μl of 60μg ml−1 proteinase
K. Then, they were incubated for 2 h at 65 °C, and after

that, they were heated at 95 °C for 10 min, followed by
centrifugation at 15.000 rpm for 10 min and then the
supernatant containing DNA was collected and stored at
−70°C until use.
Primers specific to the internal transcribed spacer

(ITS) regions of the rDNA region were designed as fol-
lows: forward primer TW81 (5-GTTTCC GTA GGT
GAA CCT GC-3) and reverse primer AB28 (5-ATA
TGC TTA AGT TCAGCG GGT-3) (Joyce et al. 1994).
PCR conditions included the initial denaturation at 94°C
for 5 min, followed by 35 cycles at 94°C for 1 min, 55°C
for 1 min 30 s, and 72°C for 2 min, followed by a final
extension at 72 °C for 7 min. The PCR products were
analyzed by agarose gel buffer. The PCR products were
purified using the Wizard® SV Gel and PCR Clean-Up
System Kit (Promega), following the manufacturer’s in-
structions. PCR products were sequenced in both direc-
tions by the Macrogen Inc. service, South Korea.
The identity of the sequence was confirmed by a

BLAST (Basic Local Alignment Search Tool) search at
NCBI then was submitted and located at the NCBI data-
base with the accession number.

Morphological characterization using light microscope
For light microscopy (LM), the nematodes were stained
with acid fuchsin according to Bahgat et al. (2018) then
using Olympus CX31 photomicroscope with the XCAM
family for photomicrographs of the samples.

SCoT analysis
A total of 10 SCoT primers developed by Collard and
Mackill (2009) were selected for the current study (Table 1).
Each 20-μl amplification reaction consisted of 1 μl (100 ng)
template DNA, 10 μl Master Mix (Bioline, GmbH,
Germany), 1 μl 25 pmol primer, and continued with distilled
sterilized water. Amplification was performed in a pro-
grammed Biometra thermal cycler (vers.1.12tp, 2004) using
the following program: 94°C for 3 min; 35 cycles of 94°C for
1 min, 50°C for 1 min, and 72°C for 1 min; and a final

Table 1 Names and sequences of SCoT primers and GC%

Primers Sequences GC%

SCoT 1 CAACAATGGCTACCACCA 50

SCoT 4 CAACAATGGCTACCACCT 50

SCoT 7 CAACAATGGCTACCACGG 56

SCoT 18 ACCATGGCTACCACCGCC 67

SCoT 21 ACGACATGGCGACCCACA 61

SCoT 36 GCAACAATGGCTACCACC 56

SCoT 48 ACAATGGCTACCACTGGC 56

SCoT 55 ACAATGGCTACCACTACC 50

SCoT 58 ACAATGGCTACCACTAGG 50

SCoT 60 ACAATGGCTACCACCACA 50
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extension at 72°C for 5 min. The amplification products
were analyzed by electrophoresis in 1.3 % agarose in TAE
buffer, stained by ethidium bromide, and photographed
under UV light. The sequence of the tested primers is listed
(Table 1).

Band scoring and cluster analysis
The Gel Doc 2000 Bio-Rad system was used for SCoT
gel image scanning, and the One Software v 4.0.1 (Bio-
Rad Laboratories, Hercules, Co., USA) was used for ana-
lyses with quantity. To measure the pairwise differences
matrix and plot the dendrogram among the 3 H. indica
species, the Systat ver. 7 computer programs were used.
Cluster analysis on the basis of similarity matrices
obtained the arithmetic average (UPGMA) to estimate
the dendrogram using the unweighted pair group
method.

Results
From a banana field in the Governorate of Port Said,
Egypt, 15 soil samples from sandy clay loam soil type
were collected; only one soil sample (7%) was positive
for the occurrence of heterorhabditid nematodes which
was assured by the death morphological markers of
Galleria larval as brown/black in color. The tempera-
tures of all the collecting points were reported as 25°C
which affect the occurrence of EPN.

Molecular and phylogenetic analyses based on ITS sequences
For identifying the EPN isolate on the species level, the
PCR was amplified using ITS primers, producing PCR
product of approximately 500 bp containing ITS1-5.8S-
ITS2 sequences and was identified using BLAST compared
to other described species available in GenBank with acces-
sion no., and the isolate was classified as Heterorhabditis
indica in Fig. 1 and Table 2. The results in Table 2 showed
the accession no. of H. indica nematode isolates collected
from olives and mango fields at Ismailia Governorate and
Aborawash, Giza Governorate, Egypt.

Morphological analysis
Morphology analysis (Fig. 2) of the isolate MH496627
showed the feature characteristic of H. indica (infective
juvenile tail with dorsal constriction, male robust and
curved spicules with a prominent rostrum, pointed
female tail, and tail with a short hyaline layer in the
sheath).

Polymorphisms detected by SCoT markers
In the present study, a total of 10 primers were evalu-
ated for amplification among 3 H. indica species
(ERSAG, ERSAG2, and H. indica Aborawash). Seventy-
six amplified bands ranged from 200 to 1500 bp were
generated by using 10 different primer pairs of SCoT
marker; 68 bands were polymorphic. The number of the
polymorphic bands ranged from 4 for SCoT 60 to 10 for
SCoT 10 with the polymorphism percentage of each pri-
mer varied from 75 to 100% with a total average of 89%.
The total number of scored bands varied from 5 for
SCoT 48 and SCoT 60 to 10 for SCoT 18 and SCoT 1;
the highest number of bands were 10 bands that gener-
ated by SCoT 1 primer followed by SCoT 55 (9 bands)
while SCoT 60 recorded the lowest band number (4
bands) (Fig. 3 and Table 3).

Relationship between the three Heterorhabditis indica
isolates based on SCoT primers
Obtained data from SCoT primers was used to calculate
the phylogenetic relationship among the 3 isolates. The
cluster dendrogram showed 2 major clusters. The first
cluster was divided into 2 branches; the first one had
ERSAG, and the second had ERSAG2 isolate. The sec-
ond cluster had H. indica Aborawash isolates (Fig. 4).

Discussion
During the survey in the banana field, one positive EPN
isolate was recovered from 15 soil samples collected
from different locations throughout the field. The isolate
of Heterorhabditis was identified and characterized,
using a combination of morphological and molecular

Fig. 1 Maximum likelihood ITS phylogenetic trees of Heterorhabditis indica species using ITS sequence. Based on nucleotide sequences of H.
indica (ERSAG, H. indica Aborawash, and ERSAG2) and reference strains (alignment length approximately 700 bp using phylo_tree analysis
(phylogeny.fr. program))
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techniques. Molecular identifications based on se-
quences of the ITS region were supported by morpho-
logical observations. According to the results obtained,
the isolate was H. indica.
The occurrence of EPNs in the study area was

relatively high (7%). The recovery rate for EPNs at this
region was expected to be high due to several factors, as
the nature of the soil sample is sandy clay loam and the
temperature ranging from 23 to 25°C. This agrees with
the findings of Valadas et al. (2013) and Khashaba et al.
(2020); also, the sample size increase the probability of
positive samples.
The phylogenetic tree based on ITS sequence showed

that H. indica Aborawash and ERSAG2 belong to the
same clade with other H. indica species, while the isolate
ERSAG in the other clade; this might be due to the
geographical difference as Dolgin et al. (2008) called
“latitudinal clades.”
The genetic characteristics of a species are affected

primarily by various ecological and biological traits,
modes of reproduction, and breeding. For reconstructing
the phylogeny of the EPNs, many molecular techniques
have been used, for instance, random amplified polymorphic

DNA (RAPD), restriction fragment length polymorphisms
(RFLP), and more recently DNA sequencing, and mitochon-
drial genes (ND4), simple sequence repeats (SSR), and
sequence-related amplified polymorphism (SRAP) have been
the most extensively applied (Padmanaban et al. 2014; Abd
Elazim et al. 2019).
The SCoT marker systems are proved to be an

efficient and inexpensive way to provide molecular data
to assess genetic diversity, and it has been used success-
fully to determine genetic relationships for many plants
as reported by Bhattacharyya et al. (2013), but there are
no studies being applied about the application of SCoT
marker to assess the genetic diversity among entomo-
pathogenic nematode species.
Abu Almaaty (2020) evaluated the genetic variability

among 3 gastropod species, using 10 SCoT primers,
produced 115 amplicons; their size ranged from 120
to 1500 bp and revealed that the percentage of poly-
morphism ranged from 20 to 78%. Reporting from all
the gained data, it is evident that molecular detection
of SCoT is a suitable tool in assessing genetic varia-
tions and relationships among gastropod species.
Bhawna et al. (2017) used 20 SCoT markers for

Table 2 Gene bank accession numbers for ITS1-5.8S-ITS2 sequences and the result of their BLAST against the Nucleotide collection
(nt) database of the NCBI website

Isolate Accession no. Species Habitat

ERSAG MH496627 Heterorhabditis indica Banana field

ERSAG2 MH553167 Heterorhabditis indica Olive field

H. indica Aborawash MK300683 Heterorhabditis indica Mango field

Fig. 2 a Head area exaggerating the mouth and distinct lips of an adult. b Male tail end. c Pointed female tail. d Tail with a dorsal constriction. e,
f Tail with a hyaline layer in the sheath
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studying the genetic diversity analysis, gene flow, and
population structure in the 39 bottle gourd germ-
plasm collected from different regions of India, and
the polymorphism percentage was 82.61. From the
obtained results, it could be concluded that SCoT
markers are promising markers in research for diver-
sity analysis and to target genes easily for the breeder,
geneticist, and evolutionists. Also, Satya et al. (2015)
used 24 (SCoT) markers to assess the genetic diver-
sity and population structure of indigenous, intro-
duced, and domesticated ramie (Boehmeria nivea L.

Gaudich.), producing 136 amplicons with 87.5% poly-
morphism and concluded that the SCoT technique
would be useful for further studies in population gen-
etics, conservation genetics, and cultivar
improvement.
Therefore, the SCoT marker used in this study was

found to be useful and effective for estimating the gen-
etic relationships among indigenous EPNs belonging to
H. indica species and could be assessed on a wide range
of applications in EPNs for evaluating the genetic
polymorphism.

Fig. 3 Genetic polymorphism among the three isolates that belong to the family Heterorhabditis indica as revealed by the SCoT analysis. M, 1 kbp
plus DNA ladder; 1–3, the nematode isolates (1, ERSAG; 2, H. indica Aborawash; 3, ERSAG2)

Table 3 Total number of scorable bands, polymorphism percentage, and band size of SCoT markers obtained by 10 primers

Primers Total scorable bands Polymorphic bands Polymorphism % Band size range

SCoT 7 8 6 75 350–1500

SCoT 21 7 6 85.7 200–1500

SCoT 18 10 7 70 250–1500

SCoT 55 9 9 100 300–1200

SCoT 58 7 7 100 300–1000

SCoT 48 5 5 100 600–1500

SCoT 60 5 4 80 400–1200

SCoT 36 8 8 100 300–1500

SCoT 1 10 10 100 300–1500

SCoT 4 7 6 85.7 200–1500

Total 76 68 89
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Conclusion
It was concluded that the SCoT marker was success-
fully used as molecular markers for estimating the
genetic polymorphism and phylogenetic relationships
among 3 H. indica isolates isolated from Egyptian soil
at different locations, which might help in biological
control programs.
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