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Abstract: Entomopathogenic nematodes (EPNs) are commonly used as biological
agents for control of insect pests. This study was carried out to identify EPNs,
determine dominant and frequent species in Kurdistan province, Iran and
characterize their symbiotic bacteria. Identification of EPNs was performed based on
morphological and morphometrical characters and also rRNA-ITS gene sequences.
Two EPNs, Heterorhabditis bacteriophora (Rhabditida: Heterorhabditidae) and
Steinernema feltiae (Rhabditida: Steinernematidae) were identified. Out of totally
150 soil samples collected mainly from mid-southern parts of the province, 60%
were positive for EPNs. Heterorhabditis bacteriphora showed the highest frequency
in this region, remarkably 59.3% of soil samples contained this species. Incidences of
H. bacteriphora in grasslands, woodlands and alfalfa fields were 57.3, 14.6 and 28.0
percent, respectively. Steinernema feltiae was found only in alfalfa fields with 0.66%
frequency. Bacterial symbionts of H. bacteriophora and S. feltiae were also identified
based on biochemical characters and recA gene sequencing. In this research, two
species of Photorhabdus were isolated from H. bacteriophora namely P.
luminescens subsp. kayaii and P. temperata subsp. thracensis. Xenorhabdus bovienii
was identified from infective juveniles of S. feltiae.

Keywords: Heterorhabditis bacteriophora, Photorhabdus Iluminescens,
Steinernema feltiae, Xenorhabdus bovienii, Phylogeny

Introduction

Entomopathogenic nematodes (EPNs) belonging to
the families Heterorhabditidae and
Steinernematidae are obligate pathogens of insects.
These nematodes have symbiotic relationship with
gram negative bacteria Photorhabdus and
Xenorhabdus (Enterobacteriaceae). The infective
juveniles (IJs) penetrate into the haemocoel by
invading through natural openings or enter the
haemocoel  directly through the insect’s
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intersegment integument (Wang and Gaugler,
1998). After penetration into the host haemocoel,
1Js release their bacterial symbionts of the genera
Photorhabdus and Xenorhabdus associated with
Heterorhabditis and Steinernema, respectively
(Martens et al., 2003; Ciche and Ensign, 2003).
The bacteria and nematodes cooperate to overcome
the host’s immune response and result in killing the
insect (Boemare and Akhurst, 2006). The
nematodes produce at least two generations in the
host body, and emerge from the cadavers as 1Js that
search for new hosts (Poinar, 1990; Kaya and
Gaugler, 1993).

Efficacy of EPNs for controlling insect pests
caused a huge attempt to find new efficient isolates.
Earlier, morphological and morphometric methods
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were used for EPNs identification, however,
recently DNA sequences variation in the internal
transcribed spacer (ITS) regions of ribosomal DNA
is extensively used as a complementary approach
to morphological descriptions and also to estimate
phylogenetic relationships among species in EPNs
(Stock, 2002).

Phenotypic characteristics, biochemical and
molecular methods are three stages for
identification of unknown bacterial colonies. There
are series of important biochemical characteristics,
however, bioluminescens and catalase test which
are physiologically very significant characters, are
positive for Photorhabdus and negative for
Xenorhabdus (Forst et al., 1997). Due to
substantial differences in biochemical reactions of
these bacteria (Grimont ef al., 1984; Akhurst and
Boemare, 1988), results of these experiments could
not approach to precise identification. Thus,
molecular consideration of isolated bacteria was
necessary. Recombinase A (recA) can serve as
molecular marker for the identification of
Xenorhabdus and Photorhabdus (Ludwig and
Schleifer, 1999). RecA protein and rec4 gene
sequence comparisons have been used to consider
phylogenetic relationships among different genera
and species of prokaryotes (Eisen, 1995).

Five species of entomopathogenic nematodes
have been reported from Iran including H.
bacteriophora Poinar, 1976, S. bicornutum
Tallosi, Peters and Ehlers, 1995, S. carpocapsae
Weiser, 1955, S. feltiae (Filipjev, 1934) Wouts,
Mracek, Gerdin and Bedding, 1982, and S. glaseri
(Steiner, 1929) Wouts, Mracek, Gerdin and
Bedding, 1982. The species are mainly described
from East and West Azerbaijan, Ardabil, Tehran,
and North Khorasan provinces (Parvizi, 2001;
Tanha Maafi et al., 2006; Karimi and Kharazi-
pakdel, 2007; Eivazian Kary et al., 2009; Nikdel
et al., 2010; Kamali et al., 2013). The bacterial
strains associated with S. glaseri and S.
carpocapsae in Iran were characterised as X
nematophila and X. poinarii (Karimi et al., 2011).
Taxonomic studies using biochemical and
molecular analyses showed symbiotic relationship
between Photorhabdus and Heterorhbditis, and
Xenorhabdus and Steinernema (Euzeby and
Boemare, 2000). Isolation and identification of
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symbiotic bacteria of different EPNs were
performed through several studies that identified
different species including P. luminescens subsp.
lumondii, P. temperate, X bovienii, X
budapestensis, X. nematophila, X. poinarii (Iraki
et al., 2000; Hazir et al., 2004; Bussaman et al.,
2009; Agazadeh, et al., 2010; Jang et al., 2011;
Karimi et al., 2011). The aims of this study were
to: a: identify the entomopathogenic nematodes
by morphological, morphometric and molecular
data, b: find and introduce frequent native EPN
species in Kurdistan province, c¢: characterize the
symbiotic bacteria associated with EPNs based on
biochemical and molecular approaches.

Materials and Methods

Soil Sampling and Isolation of EPNs

Soil samples were collected from oak forests,
grasslands and alfalfa fields in mid-southern
regions of Kurdistan province, Iran including:
Qorveh, Dehgolan, Sanandaj, Sarv Abad and
Marivan. Elevation of sampling locations was
between 1106 and 2359 meters above sea level.
The samples were taken during March and April
2012 at depth of 0-20 cm from an area of 100-
500 m% each sample consisted of 5-10
subsamples of 50 g soil. Totally 150 soil samples
were collected. Entomopathogenic nematodes
were isolated from soil samples by using
Galleria bait technique (Bedding and Akhurst,
1975). Galleria mellonella (wax moth larva) was
reared on an artificial diet suggested by Bronskill
(1961) at room conditions. Dead Galleria larvae
were moved to a White trap for obtaining 1Js
from the cadavers (White, 1927), while a few
cadavers were directly dissected to obtain adult
nematodes of the first and second generations.

Morphological analysis

Infective juveniles and adult nematodes were
fixed in TAF (triethanolamine 2 ml, formaldehyde
7 ml, distilled water 91 ml) and transferred to
dehydrated glycerin according to De Grisse
(1969). Morphological characters that are
commonly used in EPNs diagnosis included: post
anal swelling, vulval lips, presence of mucro and
epiptygma  and  testis  reflexion.  Also,


https://dorl.net/dor/20.1001.1.22519041.2016.5.2.15.6
https://jcp.modares.ac.ir/article-3-11868-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22519041.2016.5.2.15.6 ]

Abdolmaleki et al.

J. Crop Prot. (2016) Vol. 5 (2)

morphometric features ie. body length, anterior
end to excretory pore, tail length, pharynx length,
maximum body width, D% and E% ratios, spicule
length, gubernaculum length and SW ratio were
measured using a camera Lucida installed on an
Olympus BH-2 microscope. The morphological
and morphometric characters were analyzed
according to Stock and Hunt (2005).

DNA extraction, PCR and sequencing

Freshly harvested infective juveniles were used for
DNA extraction. Protocols of DNA extraction,
PCR and sequencing were described by Tanha
Maafi et al. (2003). The ITS regions of rRNA gene
were amplified using universal primers, forward
TWS81 5-GTTTCCGTAGGTGAACCTGC-3" and
reverse AB28 5-ATATGCTTAAGTTCAGCGG
GT-3' (Joyce et al., 1994). The PCR products were
directly sequenced in both directions at Bioneer
Company (South Korea). The obtained sequences
along with their chromatograms were checked
visually and aligned manually by using BioEdit
program. The sequences were deposited in
GenBank under accession numbers KR152294,
KT070192 and KT070191. The sequences of ITS-
rRNA of different isolates of H. bacteriophora and
S. feltiae were used for phylogenetic analyses
(Table 1). The newly obtained sequences and the
sequences from GenBank database were aligned
using Clustal X 1.83 (Thomson et al., 1997) with
default parameters. Sequence alignments were
manually edited using BioEdit (Hall et al., 1999).
Outgroup taxa for each data set were chosen
according to previous published data (Spiridonov et
al., 2004). Phylogenetic analysis of the sequence
data sets was performed with Bayesian inference
(BI) wusing MrBayes 3.2 (Huelsenbeck and
Ronquist, 2001) under the HKY + G model, for
each gene was initiated with a random starting tree

and was run with four chains for 1.0 x 10°

generations. The Markov chains were sampled at
intervals of 100 generations. Posterior probabilities
(PP) are given on appropriate clades.

Isolation of bacteria

Bacteria associated with EPNs were directly
isolated from IJs. About 100 IJs were surface
sterilized with sodium hypochlorite 1% for five
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minutes, crushed and homogenized for one minute
in 100l of distilled water in micro-tube. Then, one
milliliter of suspension was added and smeared
onto nutrient bromo-thymol blue tri-phenyl-
tetrazolium chloride agar (NBTA) medium (Lacey,
1997). After 48-72 h, all morphologically distinct
colonies were purified through serially sub-
culturing until uniform colonies in sense of size
and morphology were obtained. The colonies were
tested for pathogenicity on the last instar larvae of
G. mellonella. To approach this, the isolates were
inoculated in liquid LB medium and incubated for
24 hours at 28 + 2 °C. 10 pul of 10* cells of each
isolate was injected into the last instar larvae of
wax moth through proleg by a Hamilton syringe.
The pathogenic isolates that caused mortality on
wax moth larvae were identified by biochemical
and molecular methods.

Identification of bacteria

Pathogenic strains on larvae of G. mellonella were
characterized by gram reaction, anaerobic growth,
catalase test, gelatin and aesculin hydrolysis,
DNase, arginine dehydrolysis, lecithinase and
nitrate reduction activity, growth on salicin and
Simmon citrate, indole production and H,S
production from cysteine according to Akhurst
and Boemare (1983).

According to phenotypic results some strains
were selected to confirm by molecular
identification. Total genomic DNA of the bacterial
strains was extracted by alkaline lysis method
(Rademaker and De Bruijn, 1997). For
amplification of recA gene, specific Rec A primers
synthesized by Eurofins MWG  Operon
Corporation, Germany were used based on the
sequence of recombinase A (rec A) in Erwinia
species (Waleron et al., 2002). The RecA-F and
RecA-R  sequences were 5-GGTAAAGGGT
CTATCATGCG-3' and 5-CCTTCACCATACAT
AATTTGGA-3', respectively. DNA amplification
was done according to a conventional method
described by Waleron et al. (2002).

The bacterial PCR products were sequenced
directly in both directions at Macrogen, (South
Korea). The obtained sequences were checked as
mentioned in previous section and the checked
sequences were submitted to GenBank data base
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under accessions KTO070193- KT070198,
KT070200-201, KR491942. Five sequences from
GenBank data base along with ten sequences from
the present study were used for construction of
phylogenetic tree. Multiple sequence alignment of
selected data was performed using MEGAS
software (Tamura et al., 2011). The clustering
stability of the NJ tree was evaluated by bootstrap
analysis of 500 data sets (Felsenstein, 1985).

Results

EPNs Identification

Heterorhabditis bacteriophora and S. feltiae
were identified based on morphological and
morphometrical ~ characters of third-stage
infective juveniles and adults (Table 2) which
were generally in agreement with those
published for these species (Nguyen and Smart,
1996; Stock and Hunt, 2005).

Table 1 Species and isolates of Heterorhabditis bacteriophora, Steinernema feltiae and species and subspecies of
Photorhabdus temperata, Photorhabdus luminescens and Xenorhabdus bovienii used in phylogenetic tree

construction in this study.

Species Locality Accession number ~ Reference

H. bacteriophora Washington, USA KT443980.1 Fu et al. (2015)

H. bacteriophora Switzerland KJ938576.1 Fesselet et al. (2014)

H. bacteriophora Iran KC675180.1 Kamali and Karimi (2013)
H. bacteriophora Bulgaria JX993984.1 Petrova et al. (2012)

H. bacteriophora Florida, USA JX403718.1 Akyazi et al.,2012)

H. bacteriophora Mashhad, Khorasan, Iran JX164230.1 Hassani-Kakhki et al. (2012)

H. bacteriophora
H. bacteriophora
H. bacteriophora
H. bacteriophora

West Azarbaijan, Iran
Ardabil, Iran

H. bacteriophora
H. bacteriophora
H. bacteriophora

East Azarbaijan, Iran
East Azarbaijan, Iran
East Azarbaijan, Iran

H. bacteriophora Tehran, Iran

S. feltiae Mashhad, Khorasan Razavi, Iran
S. feltiae Mashhad, Khorasan Razavi, Iran
S. feltiae Kyiv, Ukraine

S. feltiae Hokkaido, Erimo, Japan

S. feltiae Qorveh, Kurdistan province, Iran
S. feltiae East Azerbaijan, Iran

S. feltiae Armenia

S. feltiae Karaj, Iran

S. feltiae Tehran, Iran

P. temperate subsp thracensis France

P. temperate subsp thracensis Kurdistan province, Iran
P. temperate subsp thracensis Kurdistan province, Iran
P. temperate subsp thracensis Kurdistan province, Iran
P. temperate subsp thracensis Kurdistan province, Iran
P. luminescens subsp kayayii ~ France

P. luminescens subsp kayayii ~ Kurdistan province, Iran
P. luminescens subsp kayayii ~ Kurdistan province, Iran

X. bovienii Australia
X. bovienii Lebanon
X. bovienii Australia
X. bovienii Kurdistan province, Iran
X. bovienii Kurdistan province, Iran
X. bovienii Kurdistan province, Iran
X. bovienii Kurdistan province, Iran

Marivan, Kurdistan province, Iran KR152294
Qorveh, Kurdistan province, Iran

Present Study

KT070192 Present Study

EU598228 Eivazian Kary et al. (2009)
Eu598231 Eivazian Kary et al. (2009)
Eu598232 Eivazian Kary et al. (2009)
EU516355 Eivazian Kary et al. (2009)
EU598222 Eivazian Kary et al. (2009)
EU163272 Karimi et al. (2007)
JN098449.1 Safari et al. (2011)
JIN098450.1 Safari et al. (2011)
KF939329.1 Yakovlev et al. (2014)
AB243439.1 Kuwata and Yoshiga, 2007)
KT070191 Present Study

EU598240 Eivazian Kary et al. (2008)
AY 171256 Spiridoniv et al. (2013)
FJ657532 Karimi et al. (2009)
FJ770381 Karimi et al. (2009)
FJ862016.1 Tailliez et al. (2010)
KT070201 Present Study

KT070200 Present Study

KT070194 Present Study

KTO070199 Present Study

FJ861996.1 Tailliez et al. (2010)
KT070193 Present Study

KR491942 Present Study

U87924.1 Pinyon et al. (2000)
LN835358.1 Noujeim et al. (2015)
FJ823426 Tailliez et al. (2010)
KTO070195 Present Study

KTO070196 Present Study

KTO070197 Present Study

KTO070198 Present Study
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In terms of EPNs recovery 60% of collected
soil samples were positive. H. bacteriophora
was recovered from 59.33% of soil samples
while only 0.66 % of samples contained S.
feltiae. Grasslands habitat showed higher
recovery frequency than other habitats.
Incidence of H. bacteriphora in grasslands, oak
forests and alfalfa fields were 57.30, 14.61 and
28.08%, respectively. S. feltiae was only found
in an alfalfa field in Qorveh (Fig. 1).

The amplification of rRNA-ITS regions plus
5.8S gene yielded a single fragment of
approximately 800 bp and 750 bp for H.
bacteriophora and S. feltiae, respectively based
on gel electrophoresis. BLAST search from the
NCBI showed 100% homology in the ITS
sequences of the isolates of H. bacteriophora,
from Marivan (KR152294) and Qorveh
(KT070192) with isolates of Mashhad, Khorasan

(JX164230, KC675180), USA, Switzerland,
Bulgaria (KT443980, KJ938576 JX993984,
JX403718). Steinernema feltiae isolated from
Qorveh, Kurdistan (KT070191) showed 99%
similarity with those sequences of S. feltiae
deposited in GenBank i.e. IN098449, JN098450
from Mashhad, Iran, AB243439 from Japan and
KF939329 from Ukraine. In the phylogenetic
tree (Fig. 2) all the isolates of H. bacteriophora
used for tree construction generated one clade,
all of them with good posterior probability
values, the newly sequenced isolates of H.
bacteriophora from Kurdistan showed high
homology with the other isolates. In the
phylogenetic tree constructed from the ITS-
rRNA gene sequences of the isolates of S. feltiae
one clade was formed. The isolate from Qorveh,
Kurdistan formed a sister group with the isolates
from Khorasan, Iran, and the rest of S. feltiae.

Table 2 Morphometric and morphologic characters of entomopathogenic nematodes isolated from Kurdistan Province.

Characters Steinernema feltiae’ Heterorhabditis bacteriophora'
1 Male Female 1 Male Female
N 15 5 5 15 5 5
Total body Length 862.14 £47.42 619.37 £29.66
(814.72 -909.56) (589.71 - 649.03)
Excretory pore (EP) 60.35+£4.25 75+6 102.69 90 +2.00
(56.10 - 64.60) (69 -81) (99.71 - 105.67) (88-92)
Tail length (TL) 79.14 £ 6.90 94.12+5.70
(72.24 - 86.04) (88.42-99.82)
Oesophagus Length 123.50 + 8.64 152 +13.73 125.94 +5.49 117 +£2.16
(114.86 - 132.14) (138.27-165.73) (125.50-131.43) (115.84-119.16)
Maximum Body width 26 +2.25 25+1.41
(23.75 -28.25) (23.59-26.41)
D% (EP/OesophaguS  48.973 49.61 +£5.88 81.65+3.51 77.19+£1.75
lengthx100) (45.79 - 52.15) (43.73 - 55.49) (78.14 - 85.16) (75.44 - 78.94)
E% (EP/TL x 100) 76.52+£5.27 109.42 +6.35
(71.25-81.79) (103.07 - 115.77)
Spicule length (Sp L) 71.30 £2.06 39.6+1.14
(69.24 - 73.36) (38.46 -40.74)
Gubernaculum Length 41.50+1.29 22.40+2.07
(40.29 -42.79) (20.33 -24.47)
Testis reflexion 76.60 +2.79
(73.81-79.39)
SW (SPL/cloacal Body 1.30 £ 026 Present
width) (1.04 - 1.56)
Post - anal Swelling Present
Vulval lips Protruding
Mucro Present
Epiptygma Present
! Measurements in pm.
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Bacterial Identification

All bacterial strains showed the common
phenotypic characters of the Xenorhabdus and
Photorhabdus genera including granular and
translucent forms. Results of biochemical tests are
showed in table 3, indicating 22 strains having
characteristics close to Photorhabdus, whereas, 14
strains from S. feltiae are related to Xenorhabdus.
The catalase test was negative for Xenorhabdus,
however, it was positive for Photorhabdus as it
was expected. Eight strains of two genera were
subjected to molecular identification to confirm the
biochemical diagnosis.

Table 3 Results of biochemical experiments of isolated
symbiosis bacteria.

Test Xenorhabdus
(14 strains)

Photorhabdus
(22 strains)

Gram

Anaerobic growth
Catalase

Gelatin hydrolysis
Aesculin hydrolysis
Salicin

Lecitinase activity
Nitrate reduction
DNA's activity
Growth on simmon citrate
Indol production

H,S from cysteine
Arginine dehydrolysis

CE L O s o s o

[ S N L e i e

+: 80% or more strains positive, -: 80% or more strains
negative, +: variable.

100

100

The amplification of rec4 gene produced a
fragment of 730 bp. Genetic sequence analysis in
a nucleotide blast (BLASTn) search of strains
KT070193 (PLIRI7) and KR491942 (Kurdl)
revealed 100% similarity to Photorhabdus
luminescens subsp. kayaii (FJ861996.1) and
strains  KT070201 (PTIRI9), KT070200
(PTIRI8), KT070194 (PTIRI6) and KT070199
(PTIRIN10) to Photorhabdus temperata subsp.
thracensis (FJ1862016.1). The recA sequences of
three isolates of Xenorhabdus (KT070195
(XBIRIS), KT070196 (XBIRI4), KT070197
(XBIRI3) and KT070198 (XBIRI2)) showed
99% homology with those of Xenorhabdus
bovienii presented in the database (U87924.1,
LN835358, F1823426).

Figure 3 shows the phylogentic tree
constructed using sequences of previously
isolated strains and from the new isolates of this
survey. Groups 1, 2 and 3 include all P.
temperate subsp. thracensis, P. luminescens
subsp. Kayaii and X. bovienii strains,
respectively. Groups 1 and 2 representing sister
group that their differences may be enough to
separate them as two subspecies. Group 3 shows
an out-group to groups 1 and 2 that illustrate
high genetically differences to two other groups.

P.temperata subsp. thracensis KT070201
P.temperata subsp. thracensis KT070199

P.temperata subsp. thracensis KT070200 ~ Group1
P.temperata subsp. thracensis KT070194 ‘
P_temperata subsp. thracensis FJ862016.1
P.luminescens subsp. kayaii FJ861996.1 ‘
e | P ens subsp. kayaiiKT070193 - Group 2
P.luminescens subsp. kayaii KR491942 ‘
X bovienii U87924.1 i
B X_bovieni LMN835358.1
X bovienii FJ823426 1
100 || X.bovienii KT0O70198 Group 3
X.bovienii KTOT0197
68 |X.bovienii KTO70196
X.bovienii KTOT0195
Candidatus Erwinia dacicola GQ478372 1 Ollt—gl‘t)llp

—_
0.02

Figure 3 Neighbor joining Phylogenetic tree (Saitou, N. and Nei, 1987) showing affiliation of the symbiotic
bacteria of entomopathogenic nematodes to reference data on the basis of recd gene sequence alignment.
Bootstrap value (500 replicates) above 50% are shown next to the branches. Bolded strains show name and

accession number of sequences of current study.
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Discussion

Two species of entomopathogenic nematodes,
H. bacteriophora and S. feltiae were recovered
from soil samples collected from Kurdistan
province. The morphological identification
was confirmed by molecular data. H.
bacteriophora was the dominant species and
showed remarkably high frequency in this
region. In this study, more than half of the
collected samples (60%) were positive for
EPNs, with a predominance of H.
bacteriophora over S. feltiae. The 60%
prevalence of entomopathogenic nematodes in
Kurdistan province is a new record for the
natural occurrence of these nematodes in Iran.
The majority of the positive samples were
isolated from grasslands habitat, in contrast to
forests where oak species constitute most of
the woodlands. This rate is much higher than
those reported 3% in Arasbaran (Nikdel et al.,
2010), 3.2% in North West (Eivazian Kary et
al., 2009), 1% and 2% in North Khorasan
(Kamali et al., 2013). A study conducted in
California showed the recovered isolates from
woodlands coniferous and oak forests had the
majority of the positive samples, 67.60 percent
of samples were positive for presence of
EPNs, in some regions all samples were
positive (Stock et al., 1999).

This study showed entomopathogenic
nematodes particularly H. bacteriophora are
widespread in Kurdistan Province. The soil
samples were principally taken from natural and
virgin areas with enough humidity and
vegetation, which provides more stable
conditions for growth and establishment of EPN
populations (Campos-Herrera et al., 2008).

High frequency of occurrence of EPNs in
Kurdistan province is likely due to favorable
environmental conditions in this region.
Humidity and temperature have a significant
effect on survival rates of EPNs. Kurdistan
region has a temperate to cold climate with
mean annual minimum and < maximum
temperatures of 11 to 14 °C. Meteorology
information ~ demonstrates  that  absolute
maximum temperature and absolute minimum
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temperature in sampling locations were 35 to
42 and -10 to -24, respectively in recent years.
The mean annual precipitation of this region
ranges from 347 mm in Qorveh to 728 mm in
Marivan ~ (Meteorology  organization  of
Kurdistan, 2015). These conditions could
reflect the abundance of EPNs and adaptability
of particularly H. bacteriophora to the natural
environmental conditions and habitats of this
Province. Temperatures above 40 °C and
below 8 °C are lethal for most EPNs (Griffin,
1993; Grewal et al., 1994). Extremely high
soil temperatures are rare in regions like
Kurdistan province, but temperatures below 8
°C are common in this area and can be
considered as a limiting factor.

The EPN species share mutual relationships
with a single bacterial species; however, some
species especially Xenorhabdus spp. are
associated with more than one EPN species. In
this study, two subspecies, P. temperata subsp.
thracensis and P. [uminescens subsp. kayaii
were isolated from H. bacteriophora.
Xenorhabdus bovienii was isolated from S.
feltiae. Two isolates of Xenorhabdus, X
nematophila and X. poinarii were isolated
from S. glaseri and S. carpocapsae collected
from Tehran province, Iran. The bacterial
isolates were characterized by their phenetic
characters and sequences of 16S ribosomal
RNA gene (Karimi ef al., 2011). Four isolates
of P. luminescens subsp. lumondii, X. bovienii,
X. nematophilus and X. budapestensis were
reported and identified by 16S-rRNA gene
sequences (Agazadeh et al., 2010). Two
species of Photorhabdus were identified and
recorded based on rec4 gene for the first time
from Iran. P. temperata subsp. thracensis and
P. luminescens subsp. kayaii were reported
from H. bacteriophora from Turkey and
Lebanon (Hazir et al. 2004; Noujeim et al.,
2011). The isolation of these symbiotic
bacteria for completing their phylogeny and
clarifying the ambiguous aspects of their
characteristics is inevitable. Due to variation
of subspecies, the obtained data from this
study viz. chemical characteristics and
sequences can be very helpful in the future
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research programs. Studies on signals between
bacteria and nematodes and probability of
substitution of robust bacteria for improving
the lethal efficacy can be considered to
develop the ambiguous aspects of their
relationships. Surveying on factors that cause
the specificity in nematode-bacteria
interactions will provide information on how
to manipulate this symbiotic relationship to
accelerate their pathogenicity and broaden the
insect host range.

The nematode isolates recovered from this
survey can contribute to the biological control
programs using native isolates in Kurdistan and
adjacent provinces with similar climatic
conditions.

Acknowledgment

This research was funded by Mohaghegh
Ardabili University, Ardabil, Iran and Iranian
Research Institute of Plant Protection. Authors
acknowledge Dr. Javad Karimi for helpful
advice in isolation of bacteria.

References

Agazadeh, M., Mohammadi, D. and Eivazian
Kary, N. 2010. Molecular identification of
Iranian isolates of the genus Photorhabdus
and  Xenorhabdus  (Enterobacteriaceae)
based on 16S rRNA. Munis Entomology and
Zoology, 5 (2): 772-779.

Akhurst, R. J. and Boemare, N. E. 1983. Genus
XL. Xenorhabdus. In: Brenner, D. J., Krieg,
N. R., Staley, J. T. and Garrity, G. M. (Eds.),

Bergey.s Manual of Systematic
Bacteriology. Vol. 2. Springer, New York,
pp- 831-838.

Akhurst, R. J. and Boemare, N. E. 1988. A
numerical taxonomic study of the genus
Xenorhabdus  (Enterobacteriaceac)  and
proposed elevation of the subspecies of X.
nematophilus to species. Journal of General
Microbiology, 134: 1835-1845.

Bedding, R. A. and Akhurst, R. J. 1975. A
simple technique for the detection of insect

267

parasitic rhabditid nematodes in soil
Nematologica, 21: 109-110.

Boemare, N. and Akhurst, P. 2006. The genera
Photorhabdus and Xenorhabdus.
Prokaryotes, 6: 451-494.

Bronskill, J. 1961. A cage to simplify the
rearing of the greater wax moth, Galleria
mellonella  (Pyralidae). Journal of the
Lepidopterists Society, 15: 102-104.

Bussaman, P., Sobanboa, S., Grewal, P. S. and
Chandrapatya, A. 2009. Pathogenicity of
additional strains of Photorhabdus and
Xenorhabdus (Enterobacteriaceae) to the
mushroom mite Luciaphorus perniciosus
(Acari: Pygmephoridae). Applied
Entomology and Zoology, 44 (2): 293-299.

Campos-Herrera, R., Gomez-Ros, J. M.,
Escuer, M., Cuadra, L., Barriosc, L. and
Gutierrez, C. 2008. Diversity, occurrence,
and life characteristics of natural
entomopathogenic nematode populations
from La Rioja (Northern Spain) under
different agricultural management and their
relationships with soil factors. Soil Biology
and Biochemistry, 40: 1474-1484.

Ciche, T. A. and Ensign, J. C. 2003. For the
insect pathogen Photorhabdus luminescens,
which end of a nematode is out? Applied
and Environmental Microbiology, 69:
1890-1897.

De Grisse, A. T. 1969. Redescription ou
modifications de quelques techniques utilisées
dans 1’é¢tude des nématodes phytoparasitaires.
Mededelingen  van  de  Rijksfaculteit
Landbowwetenschappen Gent, 34: 351-369.

Eisen, J. A. 1995. The RecA protein as a model
molecule for molecular systematic studies of
bacteria: comparison of trees of RecAs and
16S rRNAs from the same species. Journal
of Molecular Evolution, 41: 1105-1123.

Eivazian Kary, N., Mohammadi, S. A,
Moghaddam, M., Nikdel, M. and Niknam,
G. 2009. A survey of entomopathogenic
nematodes of the families Steinernematidae
and Heterorhabditidae (Nematoda:
Rhabditida) from north-west of Iran.
Nematology, 11: 107-116.


https://dorl.net/dor/20.1001.1.22519041.2016.5.2.15.6
https://jcp.modares.ac.ir/article-3-11868-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22519041.2016.5.2.15.6 ]

EPNs and their symbiotic bacteria in Kurdistan

J. Crop Prot.

Euzeby, J. P. and Boemare, N. E. 2000. The
modern Latin word rhabdus belongs to the
femine  gender, inducing  necessary
corrections according to Rules 65 (2), 12¢
(1), and 13b of the Bacteriological Code
(1990 Revision). International Journal of
Systematic and evolutionary Microbiology,
50: 1691-1692.

Felsenstein, J. 1985. Confidence limits on
phylogenies: An approach using the
bootstrap. Evolution, 39: 783-791.

Forst, S., Dowds, B., Boemare, N. and
Stackebrandt, E. 1997. Xenorhabdus spp.
and Photorhabdus spp.: bugs that kill bugs.
Annual Review of Microbiology, 51: 47-72.

Grewal, P. S., Selvan, S. and Gaugler, R. 1994.
Thermal adaptation of entomopathogenic
nematodes: niche breadth for infection,
establishment, and reproduction. Journal of
Thermal Biology, 19: 245-253.

Griffin, C. T. 1993. Temperature responses of
entomopathogenic nematodes: Implications
for the success of biological control
programmes, In: Bedding, R. and Kaya, H.
(Eds.), Nematodes and the biological
Control of Insect Pests. Csiro Publishing,
Melbourne, pp. 115-126.

Grimont, P. A. D., Steigerwalt, A. G., Boemare,
N., Hickman-Brenner, F. W., Deval, C.,
Grimont, F. and Brenner, D. J. 1984.
Deoxyribonucleic acid relatedness and
phenotypic study of the genus Xenorhabdus.
International Journal of Systematic and
Evolutionary Microbiology, 34: 378-388.

HALL, T. A. 1999. BioEdit: a user-friendly
biological sequence alignment editor and
analysis program for windows 95/98/NT.
Nucleic Acids Symposium Series, 41: 95-98.

Hazir, S., Stackebrandt, E., Lang, E., Schumann,
P., Ehlers, R. U. and Keskin, N. 2004. Two
new Subspecies of Photorhabdus luminescens,
Isolated from Heterorhabditis bacteriophora
(Nematoda: Heterorhabditidae): Photorhabdus
luminescens subsp. kayaii subsp. nov. and
Photorhabdus [luminescens subsp. thracensis
subsp. mnov. System. Journal of Applied
Microbiology, 27: 36-42.

268

Huelsenbeck, J. P. and Ronquist, F. 2001.

MrBAYES: Bayesian  inference  of
phylogenetic trees. Bioinformatics, 17:
754-755.

Iraki, N., Salah, N., Sansour. M. A., Segal, D.,
Glazer, 1., Johnigk, S. A., Hussein, M. A.
and Ehlers, R. U. 2000. Isolation and
characterization of two entomopathogenic
nematode strains, Heterorhabditis indica
(Nematoda, Rhabditida), from the West
Bank, Palestinian Territories. Journal of
Applied Entomology, 124: 375-380.

Jang, E. K., Ullah, L., Kim, M. S., Lee, K. Y.
and Shin, J. H. 2011. Isolation and
characterization of the entomopathogenic
bacterium, Photorhabdus temperate
producing a heat stable insecticidal toxin.
Journal of Plant Diseases and Protection,
118 (5): 178-184.

Joyce, S. A., Reid, A., Driver, F. and Curran, J.
1994. Application of polymerase chain
reaction (PCR) methods to identification of
entomopathogenic nematodes. Proceedings
of Symposium and Workshop, St. Patrick’s
College, Maynooth, Co. Kildare, Ireland,
Luxembourg, European Commission, DG
XII, p. 178.

Kamali, S., Karimi, J., Hosseini, M., Campos-
Herrera, R. and Duncan, L.W. 2013.
Biocontrol potential of the entomopathogenic
nematodes Heterorhabditis bacteriophora and
Steinernema carpocapsae on cucurbit fly,
Dacus  ciliatus  (Diptera:  Tephritidae).
Biocontrol Science and Technology, 23 (11):
1307-1323.

Karimi J. and Kharazi-pakdel, A. 2007. Incidence
of natural infection of the white grub
Polyphylla olivieri (Coleoptera: Scarabaeidae)
with entomopathogenic nematodes in Iran.
Bulletin OILB-SROP, 30 (1): 35-39.

Karimi, J., Kharazi-Pakdel, A., Yoshiga, T., Koohi
Habibi, M. and Hassani-Kakhki, M. 2011.
Characterization  of  Xenorhabdus  (y-
Proteobacteria) strains associated bacteria with
the Steinernema (Nematoda: Steinernematidae)
isolates from Iran. Journal of Entomological
Society of Iran, 31 (1): 57-69.


https://dorl.net/dor/20.1001.1.22519041.2016.5.2.15.6
https://jcp.modares.ac.ir/article-3-11868-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22519041.2016.5.2.15.6 ]

Abdolmaleki et al.

J. Crop Prot. (2016) Vol. 5 (2)

Kaya, H. K, Gaugler, R. 1993. Entomopathogenic
nematodes. Annual Review of Entomology,
38: 181-206.

Lacey, L. A. 1997. Manual of Techniques in
Insect Pathology. Academic Press, London.
Ludwig, W. and Schleifer, K. 1999. Phylogeny
of bacteria beyond the 16S rRNA standard.
Anerican Society for Microbiology News,

65: 752-757.

Martens, E. C., Heungens, K. and Goodrich-
Blair, H. 2003. Early colonization events in
the  mutualistic  association  between
Steinernema carpocapsae nematodes and
Xenorhabdus nematophila bacteria. Journal
of Bacteriology, 185: 3147-3154.

Meteorology organization of Kurdistan. (2015).
Available on: http://www kurdistanmet.ir/
(accessed July 8, 2015).

Nguyen, K. B. and Smart, J. R. 1996.
Identification of entomopathogenic
nematodes in the Steinernematidae and
Heterorhabditidae (Nemata: Rhabditida).
Journal of Nematology, 28: 286-300.

Nikdel, M., Niknam, G., Griffin, C. T. and
Eivazian Kary N. 2010. Diversity of
entomopathogenic nematodes (Nematoda:
Steinernematidae, Heterorhabditidae) from
Arasbaran forests and rangelands in north-
west Iran. Nematology, 12: 767-773.

Noujeim, E., Khater, C., Pages, S., Ogier, J. C.,
Tailliez, P., Hamze, M. and Thaler, O. 2011.
The first record of entomopathogenic
nematodes (Rhabiditiae: Steinernematidae
and Heterorhabditidae) in natural ecosystems
in Lebanon: A biogeographic approach in the
Mediterranean region. Journal of Invertebrate
Pathology, 107: 82-85.

Parvizi, R. 2001. Study infectivity of H.
bacteriophora and  Steinernema  sp.
against white grub, Polyphylla olivieri.
Journal of Entomological Society of Iran,
21: 63-72.

Poinar G. O. Jr. 1990. Biology and taxonomy of
Steinernematidae and Heterorhabditidae, In:
Gaugler, R. and Kaya, H. K. (Eds.),
Entomopathogenic Nematodes in Biological
Control. CRC Press, Boca Raton, FL, USA,
pp- 23-62.

269

Rademaker, J. L. W. and De Bruijn, F. J. 1997.
Characterization and classification of
microbes by rep-PCR genomic
fingerprinting and computer assisted pattern
analysis, In: Caetano-Anollés, G. and
Gresshoff, P. M. (Eds.), DNA Markers:
Protocols, Applications and Overviews. J.
Wiley and Sons, Inc., USA, pp. 151-171.

Saitou, N. and Nei, M. 1987. The neighbor-
joining method: a new method for
constructing phylogenetic tree. Molecular
Biology and Evolution, 4: 406-425.

Spiridonov, S. E., Reid, A. P., Podrucka, K.
Subbotin, S. A. and Moens, M. 2004.
Phylogenetic relationships within the genus
Steinernema (Nematoda: Rhabditida) as
inferred from analyses of sequences of the
ITS1-5.8S-ITS2 region of rDNA and
morphological features. Nematology, 6:
547-566.

Stock, S. P. and Hunt, D. J. 2005. Morphology
and systematics of Nematodes used in
Biocontrol, In: Grewal, P. S., Ehlers, R. U.
and Shapiro-Ilan, D. 1. (Eds.), Nematodes as
Biocontrol =~ Agents. CABI  Publishing,
Wallingford, pp. 3-46.

Stock, S. P. 2002. New
entomopathogenic nematode systematics:
impact of molecular biology and
phylogenetic reconstruction. Proceedings of
the International Conference on Parasitology.
Vancouver, Canada, p. 1.

Stock, S. P., Pryor, P. M. and Kaya, H. K. 1999.
Distribution of entomopathogenic nematodes
(Steinernematidae and Heterorhabditidae) in
natural habitats in California, USA.
Biodiversity and Conservation, 8: 535-549.

Tamura, K., Peterson, D., Peterson, N., Stecher,
G., Nei M. and Kumar, S. 2011. MEGAS:
Molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance,
and maximum parsimony methods. Molecular
Biology and Evolution, 28: 2731-27309.

Tanha Maafi, Z., Ebrahimi, N., Abootorabi, E.
and Spiridonov, S. E. 2006. Record of two
Steinernematid species from Iran. 17th
Iranian Plant Protection Congress, Karaj,
Iran, p. 482.

trends In


https://dorl.net/dor/20.1001.1.22519041.2016.5.2.15.6
https://jcp.modares.ac.ir/article-3-11868-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22519041.2016.5.2.15.6 ]

EPNs and their symbiotic bacteria in Kurdistan

J. Crop Prot.

Tanha Maafi, Z., Subbotin, S. A. and Moens,
M. 2003. Molecular identification of cyst-
forming nematodes (Heteroderidae) from
Iran and a phylogeny based on ITS-rDNA
sequences. Nematology, 5: 99-111.

Thompson, J. D., Gibson, T. J., Plewniak, F.,
Jeanmougin, F. and Higgins, D. G. 1997.
The CLUSTALX windows interface:
flexible strategies for multiple sequence
alignment aided by quality analysis tools.
Nucleic Acids Research, 25: 4876-4882.

Waleron, M., Waleron, K., Podhajska, A. J. and
Lojkowska, E. 2002. Genotyping of bacteria

270

belonging to the former Erwinia genus by
PCR-RFLP analysis of a recA gene
fragment. Microbiology, 148: 583-595

Wang, Y. and Gaugler, R. 1998. Host and
penetration site location by entomopathogenic
nematodes against Japanese beetle larvae.
Journal of Invertebrate Pathology, 72: 313-
318.

White, G. F. 1927. A method for obtaining
infective nematode larvae from cultures.
Science, 66: 302-303.


https://dorl.net/dor/20.1001.1.22519041.2016.5.2.15.6
https://jcp.modares.ac.ir/article-3-11868-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22519041.2016.5.2.15.6 ]

Abdolmaleki et al. J. Crop Prot. (2016) Vol. 5 (2)

O3l 5 bl 1 LT o jo (sLas yiSTh 9 Wl pde 55 lony (so0iled (1 lbicds 9 (5lwlo

ol !

T solB arlilgl g5 pol ol o <60y srdy Siign T Blroles (y0) < (Sdalloss o

Ol s )l shao ] Baore olRisls «(55,5LiS pole caSliils « SijiolS 04,5 -

Ol Ol «8555LaS g 5 Goygel eliniod (ol )5S (SjelS Dlaniod dawge =Y
tanhamaafi@iripp.ir :45lKe Jsius odious g5 Soig mSIl oy o2

IVAF cianl Vi pdy AYAF Lo V. icdl

1A ekl 3550 (65,58 ST S 0 (Sojelsm Jalse plyieas St 5 Lo slassles rounSy
5 Ot S Gl )3 lyis S e slawiled (Slgld a5 (ol jslareds asdlllas (pl S o0
Sl bl brailes (plulids wd plosl Wl cujon lacs St Sheogas ol 5 alulis
Heterorhabditis 54545 95 .85 alol IRNA 5 ITS >lei v 5 ooy « swlidcs
Rhabditida: ) Steinernema  feltiae 4 (Rhabditida: =~ Heterorhabditidae) bacteriophora
Sl o522 Gdass 3l a5 y5lae S saiges VO Slaws I aial lulis (Steinernematidae
H. bacteriophora 4565 3509 Cudin Ol pii (8 Lo sloailed jga> il Ll as 0 £ liws S
2iog 455 ol lile S sladiges s 0 DAY aS (5 jsboay cils ddlais cpl jo 1) Slol)d o 5 st
YA g VS5 VIV ol ey amig €050 9 K> 3blie dal3ale jo H. bacteriophora 455 g2
S St Slulis ol C8l oo <188 Jlgl 3 L axigy ac )i j0 Laid S. feltiage 455 041 duo )0
recA &5 b g 9 slbertign Sluogas sl o S. feltiae ¢ H. bacteriophora slwais% o joo
P. 4 P. luminescens subsp. kayaii slosl s Photorhabdus iz 3l 4545 45 asllas ol jo .0l plodl
Xenorhabdus s S .235,8 olulis g g3l H. bacteriophora ;| temperata subsp. thracensis

Al ools asis S. feltiae slis low slog,Y 5l 5.5 bovienii

Steinernema feltiae Photorhabdus luminescens Heterorhabditis bacteriophora : go—dS L55lg
&5skd Xenorhabdus bovienii

271


https://dorl.net/dor/20.1001.1.22519041.2016.5.2.15.6
https://jcp.modares.ac.ir/article-3-11868-en.html
http://www.tcpdf.org

