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Introduction

Within the last decade, PCR has recommended itself as a powerful and reliable 
tool for numerous applications in biological studies, including cost-effective, rapid and 
sensitive detection of parasitic microorganisms in body or tissue samples of hosts [7, 
10, 11]. Ribosomal DNA is often used as a target for the speci c primer binding in the 
PCR cycle as it includes both conservative and variable regions (allowing performance 
of various tasks) and is presented by multiple copies within any eukaryotic genome 
(providing a higher chance for visible amplicon production as compared to single copy 
genes), and microsporidia are not the exception [1, 2]. The sensitivity of PCR detection 
of microsporidia in their hosts is equal to, or even higher than, the resolving capacity 
of the traditional light microscopic methods [13, 15]. Moreover, application of PCR as 
a detection tool can also be used as the basis for obtaining DNA sequence data, which 
is inevitable for a modern diagnosis and precise identi cation of the microsporidian 
species [4, 5, 8]. For ampli cation and sequencing of the microsporidian rDNA, a set of 
oligonucleotides, referred to as “universal microsporidia primers”, has been designed 
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and ef ciently exploited in a number of works to identify dozens of species of these 
animal pathogens [17]. However, only a limited number of works deals with testing the 
suitability of these primers for routine mass-scale PCR detection of microsporidia in 
natural populations of invertebrate hosts [3, 9, 13]. In the present paper, we demonstrate 
that the use of the universal microsporidia primers for detection of microsporidia in 
arthropod hosts may provide a signi cant level of false-positive results.

Materials and Methods

Questing tick adults were collected by  agging in natural habitat in North-western 
part of Italy and Central Moldova during the spring/summer seasons 2008 and 2009, 
respectively. Ticks collected in Italy came from two sampling localities in Alpine 
environment in the Counties of Verbania and Varese. The samples were stored in 96% 
ethanol and identi ed following standard taxonomic keys [6]. A total of 142 ticks were 
identi ed as belonging to the species I. ricinus (Acarina: Ixodidae). Thirty of these 
ticks were treated individually with a sterile scalpel for mechanical disruption and 
then subjected to DNA extraction, using DNeasy blood and tissue kit (Qiagen), 15 µl 
proteinase K (20 mg mL-1) and following manufacturer’s instruction. 

Ticks collected in Moldova originated from the vicinities of Chisinau, identi ed 
as Ixodes ricinus and Dermacentor reticulatus. A set of dried ticks, incorporating 4 I. 
ricinus and 6 D. reticulatus, was subjected to DNA extraction as described below.

Hundreds of adults of the beet webworm Loxostege sticticalis (Lepidoptera: 
Pyralidae) from Northeastern China were caught by a light trap during an outbreak of 
the pest in the summer of 2009 and stored dry for a month. 25 samples were subjected 
to DNA extraction as below.

For genomic DNA extraction, the tick and moth samples were homogenized with 
a plastic pestle in 100 µl lysis buffer, containing 2% CTAB, 1.4 M NaCl, 100mM 
EDTA, 100 mM Tris-Cl (pH 8.0). After homogenization, 500 µl lysis buffer with 0.2% 
β-mercaptoethanol and 10 µl proteinase K (20 mg mL-1) were added to the samples 
and incubated for 3 hrs at 65ºC. For positive control, spores of Paranosema locustae, a 
microsporidian parasite infecting a laboratory stock of Locusta migratoria (Orthoptera: 
Acrididae), were puri ed from fat body of the host as described elsewhere [16] and 
crushed with glass beads in a bead-beater. DNA was further extracted with phenol-
chloroform, precipitated with isopropanol and washed with 70º ethanol [12]. Dried 
DNA pellets were resuspended in 50 µl of deionized molecular grade water. The  rst 
PCR assay for initial detection of microsporidia was performed using the universal 
microsporidia primer set 18f:530r. For veri cation of the PCR results, the second 
primer set, 18f:1492r was used with the samples that were positive in the  rst PCR 
assay.

PCR was run using a Bio-Rad iCycler in 10 µl volume containing 5 µl DNA template, 
PCR buffer, 0.25 mM dNTPs; 1 U Taq-polymerase (Sileks, Russia), and 0.5 pMol each 
of forward and reverse primers (Evrogen, Russia). The PCR conditions consisted of 
an initial denaturation step (95ºC for 3 min), 30 ampli cation cycles (denaturation at 
95ºC for 30 sec; annealing at 54ºC for 30 sec, elongation at 72ºC for 30 s) and a  nal 
extension step (72º C for 10 min). The PCR products with the eхpected sizes of about 
500 and 1200 bp was gel puri ed and cloned into pAL-TA vector (Evrogen, Russia). 
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The plasmid was puri ed with phenol-chorophorm and sequenced in both directions 
using primers M13F and M13R. Newly obtained rDNA sequences were compared 
to those available in NCBI using the built-in BLAST utility (www.ncbi.nlm.nih.gov/
Blast.cgi).

Results

The PCR using the 18f:530r primer set resulted in positive signals being the bands of 
ampli ed products of size ranging between 500-700 bp in a certain portion of arthropod 
samples. In Italian ticks, there were 5 positive samples among 30 tested I. ricinus. The 
signals were not very strong (Fig. 1) and there was no ampli cation when these positive 
samples were assayed with the 18f:1492r primer pair. In Moldavian ticks, there were 4 
positive samples with the 18f:530r primer set among 4 tested I. ricinus and 3 positive 
samples among 6 tested D. reticulatus. The signals were quite strong and all these 
positive samples also gave positive reaction with the 18f:1492r primer pair, producing 
bands of about 1700 bp (Fig. 2). Finally, in Chinese moths, 2 samples among 25 tested 
L. sticticalis produced strong positive bands of sizes of about 500 and 1600 bp in PCRs 
with both 18f:530r and 18f:1492r, respectively.

Fig. 1. Electrophoretic pro les of DNA samples of Ixodes ricinus collected in Italy, 
ampli ed with primers 18f:530r, resulting in products of about 700 (A) or 500 bp (B). 1-3, 
5, 7 – positive samples; 4, 6 – negative samples; 8 – positive control  (1 pg genomic DNA 

of Paranosema locustae)

To verify the results of the preliminary PCR screening of the arthropod DNA 
samples, the products from I. ricinus and L. sticticalis were cloned and sequenced. The 
most important result was that none of the sequences acquired in this study showed 
any relevance to microsporidia. However, since the primers used were recommended 
as “universal microsporidia” ones, it was also important to understand the nature of the 
false positive reactions. 

The products from Italian (ca 500 bp) and Moldavian I. ricinus (ca 1700 bp) showed 
100% and 99.7% sequence similarity, respectively, to the 18S rDNA sequences of several 
Ixodes species, including I. ricinus. The product from Chinese beet webworm (ca 1600 
bp) showed the maximum of 97% sequence similarity to the 18S rDNA of several 
species from different families of lepidopteran insects, including Ostrinia furnacalis, 
Chilo suppressalis (Pyralidae), Apoda limacodes (Limacodidae), Helicoverpa assulta
(Noctuidae), Neurosymploca spp., Callizygaena splendens (Zygaenidae) etc. 

Finally, the sequences of the primers used were BLASTed against the pools of 
rDNA sequences of ixodids and lepidopterans presented in NCBI.
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Fig. 2. Electrophoretic pro les of DNA samples of arthropod species, positively ampli ed 
with primers 18f:1492r. 1-2 – Loxostege sticticalis (China); 3-5 – Dermacentor reticulatus

(Moldova); 6-7 – Ixodes ricinus (Moldova); 8 – positive control (1 pg genomic DNA of 
Paranosema locustae)

The forward 18f primer showed only partial homology to the various gene 
fragments of ixodids and lepidopterans and there were no straight homology at the 
3’-end of the primer to the rDNA sequences of these taxa. However, 530r primer 
was 100% homologous to the rDNA fragments in the region of 500-600 nucleotide 
positions, respectively, of both ixodids and lepidopterans. Similarly, 1492r primer was 
homologous at nucleotide positions 5-19 (which means 78% coverage at the 3’-end) to 
the rDNA fragments in the region of 1700-1800 bp of both ixodids and lepidopterans 
as well. 

Discussion

PCR is an essential molecular approach for the majority of modern biological 
studies, including identi cation of microsporidia. This technique is especially useful 
when genomic DNA is extracted from a sample of puri ed microsporidian spores 
[17]. However, screening of DNA samples extracted from the insect tissues (which 
may, or may not, contain parasitic cells) may result in artifacts due to the high level of 
sequence similarity between the primers used and the conservative rDNA regions of 
certain arthropod host. 

This was the case with DNA extracted from environmental samples of I. ricinus
and L. sticticalis. The sequence acquired with the use of the “universal microsporidia” 
primers from the samples of ixodid ticks show straight homology to the rDNA 
sequences of the respective tick species (Ixodes ricinus). Absence of 100% identity 
of the sequence acquired from the beet webworm is most likely due to the fact that no 
rDNA of this pyralid species has been NCBI-deposited so far, while its similarity to 
18S rDNA of other closely related lepidopterans suggests that the fragment ampli ed 
belongs to Loxostege sticticalis. 
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The data presented here clearly demonstrate that the primer pairs 18f:530r and 
18f:1492r used in PCR under conditions described may result in ampli cation of the 
host, not microsporidian rDNA. The ef cacy of this ampli cation is far from 100% 
(despite the fact that the arthropod rDNA must be abundantly presented in all the DNA 
samples screened as it was isolated from the arthropod tissues), thus providing false 
positives at the prevalence levels typical for microsporidian infections in the natural 
populations of arthropods [14]. 

It is obvious that the reverse primers anneal eagerly to the arthropod rDNA though 
it is not clear which conditions cause annealing of the forward primer which is not 
homologous to the respective arthropod rDNA. The sizes of these artifact amplicons 
are usually more as compared to the positive control (but not always – see Fig. 1B); 
however, rRNA genes length variations might be signi cant within the entire Phylum 
Microsporidia and this parameter can not be used as an absolute proof to reject false 
positives at the stage of screening of PCR products. 

It can be concluded, that diagnostic means other than PCR with universal primers 
should be applied for primary screening of microsporidian infections in the natural 
populations of arthropod hosts examined in the present study. The classical method of 
light microscopy is helpful in many cases, yet the infections at the phases preceeding 
the mas sporogenesis of the parasite are hardly distinguishable microscopically [13]. 
If molecular approach is chosen as the primary screening method, more speci c tools 
should be developed for each parasite-host system studies, for example, species-speci c 
primers, if diversity of the parasites is fully characterized in certain host; or restriction 
pro les of bands ampli ed with universal primers to discard false-positives when their 
attribution to a certain arthropod host rDNA is suggested or demonstrated, like in the 
present study.
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Introduction

Saker Falcon - one of the most known and rare species of birds of fauna of Europe. 
It is brought in the Appendix 2 СИТЕС, the Appendix 2 Bonn Conventions, the 


