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Streszczenie. Podczas badań nad występowaniem nicieni owadobójczych (EPN) z rodzin
Steinernematidae oraz Heterorhabditidae, prowadzonych w północno-zachodniej Polsce, po raz
pierwszy w Polsce zidentyfikowano gatunek Steinernema silvaticum. Identyfikacja gatunkowa
nicieni, zwłaszcza odróżnienie od siebie tych najpodobniejszych, określanych mianem gatunków
„siostrzanych”, z wykorzystaniem metod morfometrycznych, jest pracochłonna i często
problematyczna nawet dla doświadczonego badacza. Prezentowane badania są próbą
odróżnienia S. silvaticum od S. kraussei przy zastosowaniu wyników sekwencjonowania
rejonów rybosomalnego DNA (rDNA) – regionów ITS1 i LSU. Sekwencjonowane obszary miały
długości odpowiednio 490 bp i 918 bp. Podobieństwo między izolatami S. silvaticum
i S. kraussei w przypadku obydwu sekwencji było bardzo wysokie (98–99%). Dwa polimorficzne
nukleotydy (SNP) w ITS1 i dwa w LSU pozwoliły na odróżnienie obu analizowanych gatunków.
Key words: internal transcribed spacer (ITS), large subunit of rDNA (LSU), Nematoda,
Steinernematidae.
Słowa kluczowe: duża podjednostka rybosomalnego DNA (LSU), ITS, nicienie, Steinernematidae.

INTRODUCTION
Entomopathogenic nematodes (EPNs) of the family Steinernematidae, environmentallyfriendly as well as relatively cost-effective and uncomplicated in terms of mass production,
seem to be a desirable biological control agent of pests (Ehlers 2001, Shapiro-Ilan et al. 2006),
alternative to other insecticides (Kaya et al. 2006). Nematodes can be active in the soil over
long periods of time and are highly resistant to adverse conditions in the surrounding
environment (Lewis et al. 2006). A wide range of potential hosts and also the occurrence of
several insects in the soil can increase the efficiency of pest control with EPNs in a variety of
agrocoenoses (Ehlers 2001).
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Many authors worldwide have confirmed that EPNs of the family Steinernematidae occur
commonly and have been spreading (Hominick et al. 1996, Hominick 2002). As current
European research into the biology and ecology of EPNs shows, these nematodes are rich in
species. New species, such as Steinernema weiseri (Mráček et al. 2003) or Steinernema
silvaticum (Sturhan et al. 2005), have been discovered during extensive field investigations in
the Czech Republic (Mráček et al. 1999, Mráček and Bečvář 2000, Mráček et al. 2005, Půža
and Mráček 2005), Slovakia (Sturhan and Liškova 1998) and Germany (Sturhan 1996,
1999), and numerous undetermined nematode isolates from eastern and northern Europe
classified as the glaseri-group have been recognized as one species, S. arenarium (Sturhan
and Mráček 2001).
Knowledge on the occurrence of entomopathogenic nematodes of the families
Steinernematidae in Poland is fragmentary. In the literature, six species of EPNs of the family
Steinernematidae have been reported from Poland. In our study, five species have been
recorded in the study area, including S. silvaticum (Karbowska-Dzięgielewska 2013).
Although S. silvaticum has not previously been noted in Poland, its natural occurrence has
been confirmed in some European countries, i.e. Germany (Sturhan 1999), the Czech
Republic (Mráček and Bečvář 2000, Sturhan and Mráček 2001, Mráček et al. 2005), England
and the Netherlands (Hominick et al. 1995), Belgium and Sweden. Isolates of this species
were previously determined as Steinernema sp. B (Sturhan 1996).
Identification of related species of nematode on the basis of morphological parameters is
difficult and requires a lot of experience. Our purpose was to check the utility of molecular
methods in the differentiation of S. silvaticum from other species of Steinernematidae –
S. kraussei, which is one of the most similar species. Since we did not possess S. kraussei in our
own collection, we used an isolate derived from Canada, kindly provided by Professor Tomalak.
Nematode species have most often been molecularly characterized by analyzing
ribosomal DNA (rDNA), which has become a useful DNA region for classifying different
eucaryotes at various taxonomical levels (Hillis and Dixon 1991, after Nasmith et al. 1996).
rDNA is a multi-copy, tandemly repeated array occurring in the nucleolar organizer region at
either one or several chromosomal sites (Long and David 1980, after Nasmith et al. 1996).
Within the rDNA cistron there are coding and non-coding sequences that can be used to
study various taxonomical levels, from within species populations to taxa at or above genera.
rDNA coding genes vary in evolutionary conservation from most-conserved 18S (SSU, small
subunit), 5.8S to least-conserved 28S (LSU, large subunit).The spacer regions, including
ETS (external transcribed spacer), ITS (internal transcribed spacer) and IGS (intergenic
spacer), are more variable than the gene regions and are generally used for analysis at or
below the species level (Beckingham 1982, after Nasmith et al. 1996).
The D2 and D3 expansion segments of 28S rRNA are often sequenced in studies of
nematode phylogenetics due to the availability of conserved primers amplifying DNA from
many taxa, and the presence of phylogenetically informative sites (Subbotin et al. 2007). The
D2 and D3 segments are useful for analyzing relationships including higher taxonomical
levels; examples include studies among orders of the phylum Nematoda (Litvaitis et al. 2000),
within the order Cephalobina (Nadler et al. 2006) as well as within the genera of several
orders, e.g. Steinernema (Stock et al. 2001).
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The aim of this study was: 1) to establish sequences of the fragment within the 5’-end of
the nuclear LSU rDNA that included the D2 and D3 domains and of the region ITS1 for
S. silvaticum and S. kraussei, 2) to compare them to the known sequences of other
nematode species, 3) to state if molecular analyses are a sufficient way to distinguish the
studied species.
MATERIAL AND METHODS
Our material came from field studies conducted in 2004–2009 in north-western Poland
(Karbowska-Dzięgielewska 2013). The molecular analysis was performed for DNA extracted
from second generation females (50–100 adults pooled for each species) of S. silvaticum
isolates (N30) from Poland and S. kraussei (N11) isolates from Canada with an A&A
Biotechnology (Poland) ready-to-use set for universal genomic DNA isolation (Genomic Mini)
according to the supplier’s procedure. Two products of PCR amplification were sequenced:
a fragment of the LSU rDNA gene and an ITS1 region.
The rDNA regions were amplified in PCR under standard conditions (detailed methodology
upon request), in a Gene Amp® PCR System 9700 (Applied Biosystems), mostly using MBI
Fermentas reagents and two pairs of primers: ITS1-forward ACGAGCCGAGTGATCCACCG
(Cherry et al. 1997, after Adams et al. 1998) with ITS1-reverse TTGATTACGTCCCTGCCCTTT
(Vrain et al. 1992, after Adams et al. 1998), and LSU-forward AGCGGAGGAAAAGAAACTAA
(Nadler and Hudspeth 1998, after Stock et al. 2001) with LSU-reverse TCGGAAGGAACCAGCTACTA
(Thomas et al. 1997, after Stock et al. 2001).
PCR products were separated by electrophoresis in 1.5% agarose gel with 1×TBE buffer,
then isolated from gel and cloned with TOPO TA Cloning® (Invitrogen). Vector pCR®IITOPO® was used. A GenomeLab DTCS – Quick Start Kit (Beckman Coulter) and standard
M13 primers were used for PCR sequencing. Sequencing was performed in a Beckman
Coulter CEQ 8000 Genetic Analysis System. Each DNA strain was sequenced in both
directions and a consensus sequence was received using BioEdit software (Hall 1999).
There were 3–5 clones of the two examined species sequenced in this way from both ITS1
and LSU products.
RESULTS AND DISCUSSION
The results of sequencing analysis performed for a fragment of the LSU rDNA gene and
ITS1 region of the S. silvaticum isolate (N30) and the Canadian isolate of S. kraussei (N11)
were deposited in the NCBI database. The GenBank accession numbers of LSU sequences
are: KC631421-KC631425 for S. kraussei and KC631426-KC631428 for S. silvaticum.
Sequences of ITS1 were placed under the numbers: KC631429-KC631431 for S. kraussei
and KC631432-KC631434 for S. silvaticum.
Sequenced regions of ITS1 and LSU had lengths of 490 bp and 918 bp, respectively.
A very high similarity was detected between the S. silvaticum isolate and the isolate of
S. kraussei. This was 98–99% for the ITS1 sequence depending on the clone pair and the
same regularity applied to the LSU region.
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When compared to GenBank data, all the sequences of ITS1 (S. silvaticum and
S. kraussei) exhibit a similar level of similarity (98–99%) to ITS1 (contained in gene
sequences for 18S rRNA, ITS1, 5.8S rRNA, ITS2 and 28S RNA) of three strains of S. kraussei:
AB243442.1 derived from Japan (Kuwata et al. 2006), AY230176.1 and AY230175.1
(Spiridonov et al. 2004) from UK and Germany, respectively.
An NCBI database search shows that the highest similarity of LSU sequences to the
sequence of S. kraussei 28S ribosomal RNA gene, partial sequence exists between clones
of isolate N30 and isolate N11 (GenBank: GU569053.1 – Lee and Stock 2010). The only
nucleotide sequence assigned to S. silvaticum provided in GenBank is a large subunit
ribosomal RNA gene, partial sequence (DQ399663.1). It was not one of the 100 most similar
records to our isolates in a BLAST search and its alignment was most similar to the S. feltiae
strain. Using this sequence as a comparison, the results show that all clone sequences were
98–99% similar on the inter- and intraspecific level as well.
Among ten nucleotide differences (single nucleotide polymorphism – SNP) in ITS1, there
were only two common ones which discriminate the two analysed species (Table. 1).
Table 1. Differences between the sequences of the ITS1 rDNA region for S. silvaticum and S. kraussei –
analysed in this study, together with the most similar from the GeneBank database
Tabela 1. Zróżnicowanie sekwencji regionu ITS1 rDNA między S. silvaticum i S. kraussei – uzyskanych
w pracy i tych o największym podobieństwie, wyszukanych w bazie GeneBank
Taxon
Takson
1

S.k. N11
2
S.k.
3
S.k.N.
4
S.k.W.
5
S.s. N30

79
G
T
G
G
T

108
G
G
G
T
G

171
G
G
G

Nucleotide position
Pozycja nukleotydowa
240
275
284
T
T
T
T
T
T
T
T
A
T
T
A
C
C
T

288
T
T
G
G
G

296
A
A
G
G
G

378
T
A
T
T
A

486
C
T
T
T
C

1

S. kraussei – sequence consensus for KC631429 – KC631431.
S. kraussei from Japan, AB243442.1.
3
S. kraussei strain Nash from UK, AY230176.1.
4
S. kraussei strain Westphalia from Germany, AY230175.1.
5
S. silvaticum – sequence consensus for KC631432 – KC631434.
1
S. kraussei – sekwencja konsensusowa dla KC631429 – KC631431.
2
S. kraussei z Japonii, AB243442.1.
3
S. kraussei szczep Nash from UK, AY230176.1.
4
S. kraussei szczep Westphalia z Niemiec, AY230175.1.
5
S. silvaticum – sekwencja konsensusowa dla KC631432 – KC631434.
2

In terms of the LSU region, two of thirteen SNPs allow a differentiation of S. silvaticum
from S. kraussei strains (Table 2).
Regardless of the method (DNA parsimony, maximum likelihood, UPGMA – data not
shown), three S. silvaticum sequences of ITS1 form a separate cluster, and the next two
(European) or all three taxa of S. kraussei selected from the GenBank in a BLAST search
group together with the cluster of S. silvaticum sequences. The relationship between the S.
silvaticum isolate with the S. kraussei identified in the GenBank seems, therefore, to be
stronger than with our model originating from Canada. Irrespective of the clustering method,
our taxons of S. silvaticum were grouped together based on the LSU and, depending on the
method used for tree construction, S. silvaticum from NCBI was out of all clusters or was
joined with one of our S. kraussei strains (LN11k5).

45

The first molecular characterisation3

Table 2. Differences between the sequences of the partial LSU rDNA region for S. silvaticum and
S. kraussei – analysed in this study with the most similar from the GeneBank
Tabela 2. Zróżnicowanie sekwencji fragmentu regionu LSU rDNA między S. silvaticum i S. kraussei –
uzyskanych w pracy i tych o największym podobieństwie, wyszukanych w bazie GeneBank
Taxon
Takson
1

S.k. N11
S.k. GU569053.1
2
S.s. N30 /*
S.s. DQ399663.1

232
T
T
C/T
C

273
T
T
T
A

399
T
T
C
T

403
C
C
A/C
C

407
T
T
T
C

Nucleotide position
Pozycja nukleotydowa
413 432 436
G
A
A
G
A
A
A
T
C/A
G
A
A

439
C
C
A/C
C

447
G
G
G
A

468
A
A
A
G

500
A
A
A
C

508
C
C
T/C
T

1

S. kraussei – sequence consensus for KC631421 – KC631425.
S. silvaticum – sequence consensus for KC631426 – KC631428.
*intraspecific differences – nucleotide alternatively occurring in different clones.
1
S. kraussei – sekwencja konsensusowa dla KC631421 – KC631425.
2
S. silvaticum – sekwencja konsensusowa dla KC631426 – KC631428.
*różnice wewnątrzgatunkowe – różne nukleotydy w zależności od sekwencjonowanego klonu.
2

These results confirmed earlier phylogenetic maximum parsimony analysis of the
alignments of S. silvaticum and other steinernematids with known rDNA sequences
(ITS1+5.SS+ITS2) which defined S. silvaticum and S. kraussei as sister taxa (Nguyen 2007).
However, the S. silvaticum isolate cannot be classified as any species other than S. kraussei,
based on the recommendation that species can be differentiated using the sequence of the
ITS region in Steinernematidae for the percentage of dissimilarity 5% or more (Nguyen 2007).
Our observations suggest that ITS1 and LSU are not fully appropriate to discriminate species
so closely related as S. kraussei and S. silvaticum.
Although DNA sequencing technologies are becoming widespread, the information on
sequences of newly discovered species, such as S. silvaticum, available in databases is
insufficient. Comparative molecular analyses of S. silvaticum are then difficult to implement
using the available information. Our study represents a contribution to a deepening of
knowledge in this area.
Seeing that the assessment of rDNA sequences may not be sufficiently informative to
differentiate closely related species that are also highly diversified within species, additional
analyses comprising other regions of the genome would have to be used. Nonetheless, it
seems that genetic testing will not replace morphological examinations even if more data
becomes available and advances in genetic research are made, and will rather serve to
support and supplement them.
RECAPITULATION
The sequencing results for a fragment of the LSU rDNA gene and ITS1 region of the
S. silvaticum isolate and the Canadian isolate of S. kraussei proved very high identity
between species of interest (98–99%).
Sequenced regions of the lengths 490bp and 918bp for ITS1 and LSU, respectively,
seemed to be insufficient to unreservedly differentiate S. silvaticum from S. kraussei because
there were only 4 reliable SNPs among 23 (10 of ITS and 13 of LSU) which discriminate the
two analysed species.
Molecular analysis of Steinernematidae should not replace morphological studies and will
rather supplement them.
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Abstract. During faunistic studies conducted in north-western Poland on the entomopathogenic
nematodes (EPN) of the families Steinernematidae and Heterorhabditidae, species Steinernema
silvaticum was identified for the first time in Poland. Nematode species identification, using
morphometric methods, is laborious, even for an experienced researcher. S. silvaticum and
S. kraussei are defined as “sister taxa” and it is difficult to distinguish these two species. The
study is an attempt to differentiate S. silvaticum from S. kraussei using sequencing results of the
rDNA – ITS1 and LSU regions. Sequenced regions of ITS1 and LSU had lengths of 490bp and
918bp, respectively. A very high similarity between the S. silvaticum isolate and the isolate of
S. kraussei was detected in the case of both sequences (98–99%). There were only two nucleotide
differences in ITS1 and two in LSU region, which discriminate the two analysed species.

