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Abstract - In addition to traditional methods, investigation of rDNA gene regions

with molecular techniques is widely used to identify insect taxa. In this study, the

usability of the primers (TrITS2, 28S-D2) belonging to second expansion

segment (D2) of the 28S subunit (28S-D2) and second internal transcribed spacer

(ITS2) rDNA gene regions were tested to identify and differentiate six species of ~ Key words - Sphecidae, PCR, 1TS2,
Sphecidae family namely Ammophila sabulosa, Ammophila heydeni, Prionyx  28S-D2 rDNA, Gene,
kirbyi, Prionyx nudatus, Sphex flavipennis, Sphex funerarius for the first time.  Sequence, Systematic
DNA isolated from samples were amplified by Polymerase Chain Reaction (PCR)

and digested by restriction enzymes. PCR products and restriction enzyme

analysis of 1TS2 obtained from Prionyx species displayed species-specific DNA

bands indicating that these species could be identified by using TrITS2 primers

and restriction enzymes. However, neither DNA bands nor the sequence analysis

of 28S-D2rDNA primers provided species-specific data. Consequently, 1TS2

marker was suitable for only one of the genera (Prionyx), whereas 28S-D2 marker

was suitable for none of the taxa examined.

1. Introduction

Sphecidae family (Hymenoptera) includes solitary wasps which are generally distributed in
temperate regions all over the world. They are large and conspicuous wasps with bright colors and
called as “thread waisted wasps”, “digger wasps”, or “sand wasps”. Adult wasps feeding on nectar
of flowering plants but their larvae are carnivorous feeding on other insects and spiders. Female
wasps paralyze and carry preys to their nests, therefore contribute to limit their prey’s populations
in nature [1].
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As in other insect groups, systematic problems frequently arise in identification and differentiation
of Sphecid wasps which based only on morphology. Morphological characters which are used in
identification keys such as setation, color of body parts, number and shape of placoids, structure of
clypeus etc. may be unclear for some specimens or vary intraspecifically, so they are not wholly
reliable [2]. New and reliable methods will provide substantial support to scientists in overcoming
this kind of problems. Thus, accuracy of diagnosis based on morphology can be confirmed through
some other methods.

DNA based molecular techniques are commonly used in taxonomic and phylogenetic studies as
well as they were used to overcome systematic problems recently [3]. Various genes or gene
regions are selected as target to differentiate species, to reveal geographical variations among
populations, and to determine phylogenetic relationships. One of the most important target regions
used in molecular analysis is ribosomal DNA which is relatively less changed. rDNA is composed
of 18S, 5.8S, 28S gene regions and internal spaces (ITS1 and ITS2). rDNA genes or nucleotide
regions are proved to be useful in taxonomic studies for various taxa [4 - 11]. 28S rDNA coding
rRNA is accepted to be a highly conserved gene region during evolutionary processes, so it is used
to construct phylogenetic trees especially for higher categories. Ribosomal ITS2 is non-coding
region located between 5.8S and 28S ribosomal DNA regions. Because this region is thought to
change rapidly, it has been used commonly in population genetics, separation of cryptic species,
and similar species [12, 13, 14]. Most of these markers have been used in Hymenoptera order,
especially in parasitoid wasps.

The aim of this study was to test the usability of the primers belonging to ITS2 and 28S-D2 gene
regions in identification and differentiation of six species of Sphecidae family (Hymenoptera).

2. Materials and methods
2.1. Insect samples

Samples were collected from their natural habitats with insect nets in Turkey (Table 1). They were
freshly stored at -80°C until used for molecular analysis. Identification of species was carried out in
Gaziosmanpasa University, Entomology Research Laboratory, Tokat.

Table 1. Number and Collection Places of Examined Specimens

Wasp species Collection Place (Number of specimens)
Tokat Amasya Sivas
Ammophila heydeni Almus (2), Pmarli (2), Erbaa (2) - -
Ammophila sabulosa Almus (2), Pinarl1 (2), Erbaa(2) - -
Prionyx Kirbyi Almus (1), Pmarli (1), Erbaa (2) - -
Prionyx nudatus Almus (1), Pmarl1 (2), Erbaa (1) - -
Sphex flavipennis Tasliciftlik (2), Almus (2), Pinarli (2), Erbaa (2)  Yesilyenice (1) Zara (1)

Sphex funerarius Almus (2), Pmarl1 (3), Erbaa (2), Kurtulus (2) - Zara (1)
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2.2. Extraction of genomic DNA

Total genomic DNA was extracted from thorax of individual wasps with DNeasy Tissue Kit
(QIAGEN), in accordance with manufacturer's instructions. The total dilution volume was 100 pl.

2.3. Enzymatic amplification of the ITS-2 and 28S-D2 rDNA

Primers belonging to internal transcribed Spacer-2 (ITS2) and 28S rDNA gene regions, the most
widely used primers in Hymenoptera, were preferred for polymerase chain reaction (PCR). The
ITS2 genes were amplified using the primers TrITS2F (5’- TGT GAA CTG CAG GAC ACA TG —
3’) and TrITS2R (5’- GTC TTG CCT GCT CTG AG — 3’) [15]; the 28S-D2 expansion regions
were amplified using 28S-D2F (5’- CGT GTT GCT TGA TAG TGC AGC - 3’) and 28S-D2R (5’-
TTG GTC CGT GTT TCA AGA CGG G-3’) primers [16]. Dream Taq Master Mix kit (Thermo
Scientific) was used for amplifying DNA samples. The PCR amplification was performed in 25 ul
volumes, including 2 pl of each 10 uM primer, 2 ul DNA templates, 13 pl Dream Taq master mix
enzyme and sterile distilled water up to 25 ul. The PCR cycles were as follows: 5 min at 94°C;
followed by 35 cycles of 1 min at 94°C, 1 min at 55°C, 1.5 min at 72°C; followed by a final
extension of 30 min at 72°C.

2.4. Restriction enzyme analysis

PCR products were digested with fast digest restriction enzymes (Msel, Pvul, Nrul, Hindlll)
(Thermo Scientific). Each digestion was done in a total volume of 30 ul that consisted of 2 ul
PCR product, 2 pl Fast Digest enzyme, 10 pl buffers with loading dye and 16 ul grade water. The
reaction was kept at 37° C in dry block heater for 5 minutes. The digested products (10 ul from
each) were electrophoresed in 1% (w/v) agarose gel and visualized with ethidium bromide staining.

2.5. Sequencing of the 28S-D2 expansion region

Following electrophoresis, the 28S-D2 PCR products of Sphex species were purified using the QIA
quick purification kit (Qiagen, Valencia, CA). These PCR products were then sent to an automatic
sequencer for direct sequencing (Gene Research and Biotechnology, REFGEN).

2.6. Sequence alignment

Sequences were aligned with ClustalW Multiple Alignment in Bioedit v7.0.9 program. The
alignments were checked by eyes.

3. Results and Discussion

3.1. PCR amplification

ITS2 fragments were able to be amplified from two Prionyx species but not for Sphex and
Ammophila species. The size of ITS2 region of Prionyx kirbii and Prionyx nudatus was found
~1100 bp and ~1250 bp respectively (Figure 1; Line Uncut).

28S-D2 region was amplified from Sphex, Prionyx and Ammophila species. The PCR product size
of the 28S-D2 region was similar in all of the examined specimens belonging to the species: Sphex
flavipennis - Sphex funerarius, Ammophila heydeni - Ammophila sabulosa, and Prionyx kirbii -
Prionyx nudatus (Not shown all. Figure 2; Line Uncut for Ammophila species).
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3.2. Restriction Analysis and Sequencing

PCR products of ITS2 region from Prionyx species and 28S-D2 region from Ammophila species
were digested by restriction enzymes in which species-specific banding pattern was obtained only
for the former genus (Figure 1). Nrul cut ITS2 product of Prionyx Kirbii into three visible bands but
it didn’t cut the other Prionyx species (P. nudatus). The other enzyme, Hind Ill, produced two
visible bands for only Prionyx nudatus (Figure 1).
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Figure 1. RFLP analysis of ITS2 PCR products, Prionyx kirbii (K) and Prionyx nudatus (N). Pvul, Msel, Nrul, HindlII:
restriction enzymes, M: DNA size marker.

None of the restriction enzymes were able to digest 28S-D2 PCR product of Ammophila species
except for Nrul, which produced two visible bands, but they are similar in both of the species
(Figure 2).
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Figure 2. RFLP analysis of 28S-D2 PCR products, Ammophila heydeni (H) and Ammophila sabulosa (S). Pvul, Msel,
Nrul, Hindll1: restriction enzymes, M: DNA size marker.

The sequence length of 28S-D2 region was 630 bp for both species of Sphex genus, in which only
four sequences were variable (Table 1). These sequences were deposited in GenBank with the
accession numbers KJ680326 and KJ680327.
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Table 1. Sequences of D2 expansion region of 28S rDNA, Sphex funerarius (fune.) and Sphex flavipennis (flav.). Dots
(.) indicate identical sequences of S. funerarius and S. flavipennis. Dashes (-) indicate insertions/deletions. Numbers
indicate position in the aligned sequence.
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PCR product size and restriction enzyme analysis of ITS2 were found to be different for two species
of Prionyx (Figure 1). This gene region together with restriction enzyme analysis is thought to be a
useful molecular tool in distinguishing species, since it is also compatible with morphological
identification. As in other molecular techniques, this method can easily be applicable in many
laboratories and provides precise and repeatable results. On the other hand, the same region has not
been amplified for other species examined because that the primer is unconvenient for those taxa.

Sizes of PCR products belonging to 28S-D2 region were found to be the same for all species in this
study, so this parameter is not a good choice to distinguish them. Additionally restriction enzyme
analysis was carried out for Ammophila species and 28S-D2 PCR product was sequenced for Sphex
species but species-specific band or any significant difference were not found (there was only 1%
sequence divergence) (Figure 2 and Tablel). The sequences obtained in this work are available in
Genbank database (Accession numbers: KJ680326, KJ680327). It can be concluded that 28S-D2
region is not suitable to distinguish between Sphex species, because both of the data obtained from
Sphex funerarius and S. flavipennis showed 99 % homology with another species (Sphex ashmeadi).
On the other hand, the region is shown to be applicable in family and higher levels in Hymenoptera
order [16 - 18].
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4. Conclusions

Molecular markers could be used for identification and/or discrimination of taxa, however choosing
a good method for a particular group is still very important for success. For example, in this study,
ITS2 marker was suitable for one of the genera (Prionyx) but not for the others, and 28S-D2 marker
is not suitable for any taxa examined. Mitochondrial DNA regions or other primers to be designed
may be successful for some undistinguished taxa (Ammophila and Sphex species).
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