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Ixodes ricinus belongs to Lxodes ricinus complex composed of 14
species of ticks distributed worldwide and the most widely spread
tick species in Europe I. ricinus is a major ixodid tick, involved in
the transmission of a number of diseases to animals and humans
in Eurasia. Genetic diversity of these tick populations may have
implications on disease transmission. In order to investigate
genetic diversity and to characterize the genetic structure of
I ricinus populations in the Baltic countries microsatellite
markers described in literature were used. A total of 180 ticks
(170 I ricinus and 10 I persulcatus) collected from 18 locations
in Lithuania, Latvia and Estonia were examined based on four
polymorphic microsatellite loci. Genetic diversity of six I. ricinus
populations from Lithuania (n = 60), Latvia (n = 60), and
Estonia (n = 60) were compared. The number of observed alleles
between loci ranged from 5 to 11. Observed heterozygosities were
lower than expected at most loci. Mean estimates of expected
heterozigosities (He) over loci and populations varied from 0.621
to 0.800, and observed heterozygosity (Ho) from 0.304 to 0.634.
F statistics were calculated to analyze the differences between
observed and expected heterozygosities, and to obtain genetic
distances between populations. Two loci deviated significantly
from Hardy-Weinberg equilibrium. However, the highest
observed heterozygosity (Ho) was found in coastal locations and
lowest - in continental parts, which shows the importance of
birds as hosts to tick population structure.
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INTRODUCTION

numerous human and livestock diseases inclu-
ding Lyme disease, tick-borne encephalitis, ana-

Ixodes ricinus (Arthropoda, Acari, Ixodidae) is  plasmosis and babesiosis (Stanek, 2009). Ticks of
the main vector species in Europe, transmitting  the genus Ixodes have a significant impact on the
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public health and rural economy in many parts of
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the world. At least 15 species of closely related
ixodid ticks distributed throughout the world
are united in the Ixodes persulcatus group or
Ixodes ricinus complex (Fukunaga et al., 2000).
I ricinus distribute from Western Europe to
Northern Africa, while I. persulcatus spread
from Eastern Europe to Japan. I. ricinus can be
found all over the Baltic countries: in Lithuania
I ricinus is widespread; in Latvia I. ricinus is
spread in the western and central parts, and
rarely occur in small numbers in the eastern
part, while I. persulcatus dominate only in the
eastern part of the country (Bormane et al,
2004). I ricinus and I persulcatus are distri-
buted with different prevalence in different
parts of Estonia (Jogiste et al., 2004). The dis-
tribution of I. persulcatus in Eastern and South-
ern Estonia was confirmed by Geller et al
(2012), as well as mixed distribution of both
species in the sympatric zone. Distribution
range of I. persulcatus in the west is overlapped
by a typically European distribution range of
I ricinus.

Efforts to understand the ecology of
this tick in relation to disease transmission
are complicated under natural conditions
(Noel et al., 2012). This is particularly true for
estimating patterns of dispersal and host use,
two essential factors for understanding disease
risk (McCoy, 2008). Indirect methods that
employ genetic markers are currently one of the
best options to overcome the inherent difficul-
ty in studying parasitic organisms, but require
certain assumptions in order to make robust
inferences (De Mees et al., 2007).

During two last decades the application of
molecular markers in the study of medically
and veterinary important Ixodidae ticks has
provided new essential information about
their taxonomic relationships and population
structures. Ticks have been studied at in-
dividual, population and species level using
allozymes (Delaye et al, 1997; Kain et al,
1997; Healy et al., 2004; Radulovi¢ et al., 2006,
2010, 2012), RAPD (Paulauskas et al., 2006),
mitochondrial and nuclear genome sequence
analysis (Caporale et al., 1995; Rich et al., 1995;
Norris et al., 1996; Delaye et al., 1998; Xu et al.,

2003; De Meets et al., 2002, 2004a, 2004b;
Roed et al., 2006; Casati et al., 2008; Hasle et al.
2008; Chitimia et al., 2010; Kempf et al., 2009,
2010, 2011; Noureddine et al., 2011).

16S rRNA and COI gene sequences are
the most common genetic markers used to
determine phylogenetic and taxonomy struc-
ture of tick populations. Caporale et al. (1995)
used 16S rRNA gene sequences in order to
analyze the ticks of I. persulcatus complex and
found two distinct groups. Xu et al. (2003)
analyzed 16S rRNA gene sequences in 11
species belonging to I. persulcatus complex and
16 other Ixodidea species. The analysis show-
ed that I. persulcatus complex is paraphyletic
(Xu et al., 2003).

Sequences of gene fragments of 28S (ex-
pansion segment D3) and mitochondrial
12S rRNA were analyzed in I persulcatus
ticks collected in various regions of Russia in
2007-2011. The sequences of the 285 rRNA
D3 segment were identical for all ticks within
the studied area. The analysis of the sequences
of the mitochondrial 12S rRNA fragment
revealed 4 haplotypes with one occurring at a
frequency of 0.96. The authors conclude that
among all the ticks of the genus Ixodes studied
to date, I. persulcatus shows the lowest genetic
variability, which is probably associated with
the strong influence of glaciation on its habitat
(Kovalev, Mukhacheva, 2012).

Control region and 12S rRNA sequences
were used to determine phylogeographical
structure of I. scapularis tick populiations in the
USA. Both studies confirmed that I. scapularis
has two distinct populiations, one of which is
located in north-east and another - in south-
east (Rich et al., 1995; Norris et al., 1996).

After sequencing COI and ND5 genes of
D. marginatus, Haemaphysalis punctata, I. ri-
cinus, Argas persicus and Haemaphysalis lon-
gicornis ticks in Romania it was shown that
interspecific variation (0.1-1.9%) was lower
than that between species (COI genes 15.9-
27.6%, ND5 — 20.3-42.4%) and concluded that
these markers can be used for identification
and characterization of species (Chitimia et al.,
2010).
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Casati et al. (2008) examined interspecific
genetic variation among 26 I. ricinus ticks from
different European countries (Switzerland,
Italy, Austria, Denmark, Sweden and Finland)
using 5 mitochondrial sequences - control
region, 12S rDNA, cytb, COI and COIL The
data showed a low genetic variability (1.6-5%).
The authors concluded that I. ricinus ticks do
not have phylogeographical structure in Europe
(Casati et al., 2008).

Microsatellite markers have been previously
described and applied to populations of I. ricinus
(Delaye et al,, 1998; De Meets et al., 2002,
2004a, 2004b; Roed et al., 2006; Kempf et al.,
2009, 2010, 2011).

The first isolation and characterization
of six microsatellite markers in I ricinus
complex were done by Delaye et al. (1997).
However, the use of these markers in population
analysis appeared to have limitations due to the
reported locus duplication and their unusual
patterns of high heterozygote deficit ascribed to
the presence of null alleles and/or short allele
dominance (De Meefs et al., 2002, 2004).

Roed etal. (2006) reported the development
and characterization of 17 new microsatellites
in I. ricinus. These microsatellites significantly
improve the available marker panel in
I ricinus, although the frequent non-Men-
delian inheritances, as also reported for
others by De Meets et al. (2002, 2004), call for
prudence in interpretation when using such
markers for analysis of genetic structure and
dispersal patterns in these species (Roed et al.,
2006).

Analysis of the genetic structure of L. ricinus
ticks using 5 microsatellite markers showed
differentiation between ticks collected in
Switzerland and Tunisia, but there were
no significant differentiation between ticks
collected in different locations in Switzerland
separated by Alps (Mees et al., 2002).

Analysing individual partners of I ricinus
microsatellite markers were used to determine
multiple paternity (Hasle et al., 2008). After
analysing copulating partners and offsprings it
has been concluded that offsprings had different
fathers.

Noel et al. (2012) isolated and characterized
nine new polymorphic microsatellite markers
for the tick I ricinus. Nine new microsatellite
loci were isolated from a microsatellite-
enriched library according to Billotte et al.
(1999) to improve the precision of population
genetic estimates used to study the biological
factors.

However, the studies of the diversity and
genetic population structure of . ricinus across
Europe are still insufficient, the lack of genetic
structure was reported by Noureddine et al.
(2011) and Casati et al. (2008) who used
mitochondrial and nuclear genome sequence
analysis. The aim of this study was to investigate
genetic diversity and to characterize the genetic
structure of I. ricinus populations in the Bal-
tic countries using microsatellite markers de-
scribed in literature.

MATERIALS AND METHODS

Tick collection

A total of 1024 unfed Ixodes ticks were collected
from the vegetation using standard “flagging”
method in Lithuania, Latvia and Estonia during
May of 2008, 2010, 2012. White cloth (1 m?) was
drawn over the vegetation. Ticks attached to the
“flag” were picked with tweezers and placed into
1.5 ml tubes filled with 70% ethanol. Adults were
classified as male or female and were identified as
I ricinus or I. persulcatus by their morphological
characteristics (Filippova, 1977).

DNA isolation

DNA extraction was carried out by lysis of ticks
in ammonium hydroxide (NH,OH) (Stanczak,
1999). All ticks were analyzed individually.
Tick lysates were either used directly for PCR
or stored at -20 °C.

Amplification of microsatellite loci by PCR

In total 170 I ricinus and 10 L persulcatus
ticks collected from 18 locations in the
Baltic countries were investigated based on
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Table 1. Locations of samples collected

No. | Locations | Sample, n | Latitude Longitude
I Latvia
1. Daugavpils 20 N55°54'9.39” E26°23’7.87”
2. Kraslava 5 N55°57°0.46” E27°18’8.45“
3. Vaidava 5 N57°25°8.45” E25°22°9.73”
4. Cesis 5 N57°13'2.70” E25°13°0.00”
5. Salaspils 20 N56°58°0.79” E24°21°2.70”
6. Ezernieki 5 N56°10"2.67” E27°39°6.46”
II Estonia
7. Vohma 20 N59°36’1.17” E25°34’5.97”
8. Varstu N57°37°4.87” E26°38’1.63”
9. Palastverel 5 N58°74°462” E 25°70°212”
10. Retla N58°45°15.52” E 25°40743.43”
11. Viisireiu 5 N58°5°43.08” E 24°5079.48”
12. Kalital 20 N58°7°48.44” E 24°56°0.50”
111 Lithuania
13. Labanoras park 5 N55°13°7.65” E25°399.33”
14. Molétai 5 N55°14’1.03” E25°27°4.4”
15. Dukstas 5 N55°33’9.33” E26°21’1.03”
16. Sakiai district 5 N55°92°272” E23°16'4.82”
17. Kaunas (Botanical Garden) 20 N54°52°27.96” E23°54°29.92”
18. Juodkranté 20 N55°33°10” E21°07°30”

polymorphic microsatellite loci (Table 1). Ticks
from two sites in each country were used for ge-
netic diversity analysis of population structure.
We chose 6 microsatellite markers designed
and characterized by Reed et al. (2006). Four of
them (IRN4, IRN7,IRN8, and IRN28) provided

sufficient amplification products and were used
for further analysis (Table 2).

The PCR amplifications were carried outin a
25 pl final volume containing: 10 x PCR buffer
(2.5 ), 25 mM MgCl (1.5 ul), 4 mM dNTPs
(0.2 ul), 0.5 uM of each primer (10 pmol/pl), 5U

Table 2. Characterization of six microsatellites in tick, Ixodes ricinus. Listed below are microsatellite locus
designation, repeat motif, GenBank Accession no., primer sequences, PCR annealing temperatures (Ta)

(according to Rged et al., 2006)

Locus Ifzgfiaft 1(\}:;1::;(1)1; Primer Sequence (5°-3’) Ta (°C)
IRN-4 s DQISIS G AGTGOGTGCGTGT 51
IRN-7 (A3 DRI i T CACAAACTCTACCAAGTTA )
IRN-8 (cANs DRI e A CAATGACAAACAGA | 5
IRN-28 (cap3 DQUS235 10T GTTGTGTTTTGTTOGTC 8
RN-30 (GIIS(GOM(GTIG6  DQISBI6 o ror r i TeaTeacca i
IRN-37 (GT)I9TT(GT)2CT(GT)2 DQag2sal L COGGGCGTTTTTCTTTATTCT 45

R:GAAGCGTCAGACTCCGTAACAG
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Tag DNA polymerase (0.1 pl) (Thermo Fisher
Scientific, Lithuania), ddH,0 (18.7 pl) and 1 ul
of a tick DNA sample. PCR amplifications were
performed in 0.2 ml tubes using a 30-cycle
programme. Thermocycling parameters after
denaturation at 94 °C in 2 min, 95 °C for 30 sec,
the annealing temperature (45-51 °C) for 30 sec
and 72 °C for 1 min followed by 10 min at 72 °C
(according to Roed et al., 2006).

Microsatellite analysis

First amplified DNA was separated by electro-
phoresis in 1.5% agarose gels with 0.5-Tris—
Borate-EDTA (pH 8.2) as running buffer for
2.5 h at 115 V (Fig. 1). The DNA bands were
stained with ethidium bromide and visualized
by UV transillumination. DNA fragment sizes
were assessed by comparison with Gene-
RulerTM 50 bp DNA Ladder (Thermo Fisher
Scientific, Lithuania) (Rosenberg and Nord-
borg, 2002). Electrophoresis in agarose gel was
used for interpretation of the patterns on the
size and detection of the presence or absence of
amplified DNA bands (Williams, 1990).

The second step in microsatellite analysis
was the preparation of the polyacrylamide
electrophoresis gels (Fig. 2). Both glass plates
were washed with liquid soap and cleaned
with absolute ethanol using a paper towel.
After two min of drying one glass was cleaned
with Silane solution (3 pl of y-methacryloxy-
propyltrimethoxysilane (Bind Silane, M-6514,

Fig. 1. Electrophoregram of agarose gel with IRN-
7H and IRN7R marker

Sigma), 950 ul of absolute ethanol and 50 pl
of 10% acidic acid). The other glass was
cleaned with “TurtleWax” (window liquid,
Rain Repellent). After two min of drying both
glass plates were cleaned with a paper towel
moistured with absolute ethanol to remove the
excess and left to dry.

Acrylamide solution (40%) with 38 g of ac-
rylamide and 2 g of N, N’-methylene bisacry-
lamide was prepared in 100 ml distilled water
and stored at 4 °C.

APS (ammonium persulfate) was prepared:
5 g amonium persulfate was dissolved in
distilled water to a final volume of 50 ml, and
stored at —20 °C in the fridge.

Polyacrylamide gel (8%) was prepared
by mixing 36.5 ml distilled water, 2.5 ml 10x
TBE buffer, 10 ml of acrylamide solution,
0.5 ml of ammonium persulfate and 41.5 pl of
TEMED (Sigma). Gel solution was applied to
the assembled gel plates (1.5 mm thick) using
S2 sequencing gel electrophoresis apparatus
(Invitrogen).

The running conditions were 999 V, 37 mA,
80 W for 2-5 hrs, after a pre-run of the gels
for 15 min. The electrophoresis running buffer
(TBE 1x) contained 10 mM Trizma, 8.9 mM
boric acid, 2 mM Na2 EDTA.

Fig. 2. Electrophoregram of polyacrylamide gel
with IRN7F and IRN-7R marker
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Table 3. Estimators of F-statistics at each locus of I. ricinus population

AllPops. | IRN8 | IRN4 | IRN28 | IRNY Mean
Fy 0.549 0.334 0.468 0.200 0.387
F, 0.580 0.397 0.518 0.291 0.446
Fy 0.068 0.095 0.094 0.115 0.093

Gel staining

After electrophoresis, gels were washed for
5 min in cold (10-12 °C) fixing solution (10%
absolute ethanol, 0.5% acetic acid). Washed gels
were soaked for 6-7 min at room temperature
in a solution of 0.15% AgNO,, 2 ml 37% HCOH.
Gels were rinsed quickly (10-15 sec) once with
distilled H,O. Bands were developed by soaking
the gel at room temperature in a developing
solution (1.5% NaOH, 3 ml 37% HCOH) until
the bands appeared with a sufficient intensity
(3-5 min). When the desired intensity was
achieved the development was stopped by
saturating gel in a 2 000 ml stop solution (10%
absolute ethanol, 0.5% acetic acid) for 2 min.
Gels were dried at room temperature and DNA
bands were viewed directly with the aid of a
white light box, and then scanned. The length
of microsatellite alleles was estimated accord-
ing to 50 bp DNA ladder (Thermo Fisher Scien-
tific, Lithuania).

Data analysis

The allele frequencies, mean effective number
of alleles per locus (Ne), average number of
alleles per locus (Na), Shannon index (I),
population mean observed (Ho) and expected
heterozygosities (He), estimation of Wright's fi-
xation index (F,, F;and F_ ) (Weir and Cocker-
ham, 1984), Nei’s standard genetic distances
among populations (Nei, 1978), molecular
analysis of the genetic diversity (AMOVA, Ex-
coffier et al., 1992), principal coordinates analy-
sis (PCA) were calculated with the GenAlEx
6b4 (Peakall & Smouse, 2006).

RESULTS AND DISCUSSION

Microsatellite loci polimorphism of I. ricinus
from 18 different locations in Lithuania,
Latvia, and Estonia and I. persulcatus from 2
different locations in Latvia and Estonia were
investigated.
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The microsatellite analysis showed that the
number of alleles per locus in I. persulcatus was
from 1 to 2, and in I ricinus varied from 5 to 11.
The highest number of alleles was observed in
IRNS locus (11 alleles), then in IRN4 (9 alleles),
IRN28 (8 alleles), and the lowest number - in
IRN7 locus (5 alleles). Allele sizes varied in
different loci: IRN7 from 85 to 98 bp, IRNS
from 157 to 260 bp, IRN4 from148 to168 bp
and IRN28 from 100 to 128 bp (Fig. 3).

Genetic diversity was compared in six L. ri-
cinus tick populations from Lithuania (Kaunas
(n = 20), Juodkranté (n = 20)), Latvia (Salas-
pils (n = 20), Daugavpils (n = 20)) and Estonia
(Kalital (n = 20), Vohma (n = 20)).

I ricinus tick population differentiation exa-
mined by fixation indexes F,, F,;and F for each
of the four analyzed loci are given in Table 3.
Mean estimates of F-statistics obtained over
loci (Weir, 1990) were: F (F,) = 0.446 + 0.13,
(F) = 0.387 +0.13, and (F,,) = 0.093 + 0.039.

Mean estimates of expected heterozygosities
(He) of all loci and populations varied from
0.621 to 0.800 and observed heterozygosity
(Ho) from 0.304 to 0.634 (Table 4).

Private alleles were detected in Juodkran-
té (LT), Kalital(EE) and Salaspils (LV) popu-
lations — 0.250 and Vohma (EE) - 0.750
(Table 4).

Effective number of alleles varied from
2.805 (Kalital) to 5.081 (Vohma). The average
number of alleles varied from 5.000 (Kalital) to
7.250 (Vohma) among populations (Table 4).

The matrix of Neis standard genetic
distances (D,) among I. ricinus tick populations
is presented in Table 5. The highest genetic
distance was between Kaunas (LT) and Kalital
(EE) (0.713), the lowest genetic distance was
between Kaunas (LT) and Daugavpils (LV)
(0.117) populations.

The highest F_ distances between I. ricinus
tick populations ranged from 0.018 for Kaunas

Table 4. Mean values of allelic patterns and heterozygosity across six I. ricinus populations in Estonia, Latvia

and Lithuania

Kaunas | Juodkranté | Vohma | Kalital | Daugavpils | Salaspils

Mean values (LT) (LT) (EE) (EE) (LV) (LV)
Na 5.750 6.500 7.250 5.000 6.000 6.250
Na Freq. >=5% 5.000 4250 6.750 4.000 5.000 5.500
Ne 4.406 4.123 5.081 2.805 4.195 3.963
I 1.529 1,511 1.776 1.204 1.563 1.534
No. Private Alleles 0.000 0.250 0.750 0.250 0.000 0.250
?ioz'zLS(;’)mm Alleles 0.000 0.000 0.000 0.000 0.000 0.000
No. LComm Alleles 2.250 2.000 1.750 1.000 1.250 1.500
(<=50%)

He 0.750 0.734 0.800 0.621 0.755 0.738
Ho 0.304 0.559 0.485 0.393 0.303 0.634

Table 5. Nei’s standard genetic distances between the analyzed I. ricinus tick populations

Kaunas | Juodkranté Vohma Kalital Daugavpils | Salaspils
(LT) (LT) (EE) (EE) (LV) (LV)
0.000 Kaunas (LT)
0.518 0.000 Juodkranté (LT)
0.436 0.417 0.000 Vohma (EE)
0.713 0.343 0.373 0.000 Kalital (EE)
0.117 0.448 0.438 0.616 0.000 Daugavpils (LV)
0.394 0.300 0.330 0.253 0.409 0.000 Salaspils (LV)
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Table 6. Estimates of pairwise F,, distances between the analyzed I. ricinus tick populations

Kaunas Juodkranté Vohma Kalital Daugavpils | Salaspils

(LT) (LT) (EE) (EE) (LV) (LV)

0.000 Kaunas (LT)
0.067 0.000 Juodkranté (LT)
0.050 0.050 0.000 Vohma (EE)
0.107 0.065 0.064 0.000 Kalital (EE)
0.018 0.059 0.049 0.097 0.000 Daugavpils (LV)
0.053 0.043 0.040 0.052 0.053 0.000 Salaspils (LV)

Fig. 4. Molecular variance of I. ricinus ticks within
and among populations

(LT) and Daugavpils (LV) to 0.107 for Kaunas
(LT) and Kalital (EE) (Table 6).

Molecular variance (AMOVA) analysis
showed that genetic diversity of I. ricinus within
sampling locations yielded 90%, and among
locations 10% of the total genetic diversity
(Fig. 4).

The PCA analysis did not reveal distinct
clustering for samples from different locations.
Samples of different origin showed varying
overlap (Fig. 5).

Microsatellite markers have been previously
described and applied to populations of I. ricinus
(Delaye et al,, 1998; De Meets et al., 2002,
2004a, 2004b; Roed et al., 2006; Kempf et al.,
2009, 2010, 2011; Noel et al., 2012). However,
the analysis using these markers has revealed
significant deviations from Hardy-Weinberg

proportions within populations. Hypotheses
to explain these heterozygote deficits are
numerous and not mutually exclusive: null
alleles, short allele dominance, Wahlund effects
or homogamy (Kempf et al., 2009).

Our results are consistent with the previous
studies on I. ricinus showing heterozygote
deficits and revealed significant deviations from
Hardy-Weinberg proportions (De Meets et al.,
2002, 2004a; Roed et al.,, 2006; Kempf et al.,
2009b; Dharmarajan et al., 2011).

Hardy-Weinberg proportions in four of
six analyzed populations were observed using
IRN7, locus IRN4 showed Hardy-Weinberg
proportions in two of six analyzed populations.
Loci IRN28 and IRN8 demonstrate significant
deviation from HW equilibrium (Ho were
much lower than expected) for five of six tested
populations.

Other researchers (De Meels et al., 2002,
2004a; Roed et al., 2006) proposed two possible
hypotheses to explain heterozygote deficits at
the population level. First, technical problems
such as null alleles and short allele dominance
that can produce false homozygote and blank
(null homozygote) genotypes and are known to
occur in I. ricinus.

Next, a possible Wahlund effect was
examined to explain heterozygote deficits
within populations. Host and tick behaviour,
life stage, social system and other habits may
influence the relative inbreeding of individuals
from the same subsample (for example, larvae
from the same clutch are known to be clustered
in the environment). The cause of this linkage
is probably of a demographic nature (e. g.,
reproductive mode, Wahlund effect, small
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Principal Coordinates (1 vs 3)
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Fig. 5. Principal Coordinates Analysis (PCA)

populations) (De Meets et al., 2002, 2004a;
Roed et al., 2006; Kempf et al., 2009b).
Dharmarajan et al. (2011) oppose other
authors by contending that biological factors
can also lead to patterns that have usually
been interpreted as being caused by technical
issues (for example, null alleles) when
analyzing tick population structure using
microsatellite markers. The authors revealed
that two of the explored hypotheses were
statistically significant: null alleles and kin
structure. The high variance in F across loci
at the scale of the component population (CP)
and intrapopulation (IP) is suggestive of the
presence of null alleles. On the other hand,
three lines of evidence suggest that null alleles
were unlikely to be the main cause of deviation
from HW equilibrium: (1) levels of missing
data did not support the null allele hypothesis
at the IP or CP scales; (2) analyses provided
strong statistical support for the presence of
kin structure in a majority of CPs examined,
and analysis of genetic patterns in randomly
generated kin-structured populations revealed
that pooling kin groups could lead to a pattern
usually considered to be a signature of null
alleles: high levels of F_ as well as high variance
in F, among loci and (3) finally, null alleles
are expected to lead to an underestimation of
relatedness between individuals. The authors
conclude that the results indicate that it is
important to take such biological factors into

consideration when addressing heterozygote
deficits in natural systems, particularly because
loci that deviate from Hardy-Weinberg
proportions are likely to reflect the effects of
real biological processes (Dharmarajan et al.,
2011).

In the present study the highest observed
heterozygosity (Ho) was found in Juodkranté
(Lithuania) and Salaspils (Latvia). Both of these
sites are located close to the sea. The lowest
observed heterozygosity (Ho) was found in
Daugavpils (Latvia) and Kaunas (Lithuania)
that are located in the continental parts of these
countries. These results support our previous
study where RAPD marker analysis was used
to determine I. ricinus population structure
and showed that genetic diversity is higher in
I. ricinus population located close to the sea
and bird migratory routes, while populations
in the continental parts remain genetically less
diverse (Paulauskas et al., 2006).
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IXODES RICINUS ERKIU GENETINE
IVAIROVE, PAREMTA MIKROSATELITU
ZYMENIMIS

Santrauka

Ixodes genties erkés priklauso Ixodes ricinus komp-
leksui, kurj sudaro 14 rasiy, paplitusiy visame
pasaulyje, taip pat ir Europoje. I. ricinus erkés pa-
razituoja jvairiy rasiy stuburinius gyvinus ir yra
jvairiy infekciniy ligy sukéléjai. Kadangi patogeny
paplitimas erkése ir Seimininky specifiskumas pri-
klauso nuo erkiy genetinés struktaros, svarbu
istirti iksodiniy erkiy geneting jvairove. Sio tyrimo
tikslas — jvertinti I. ricinus erkiy genetine jvairove
ir populiacijy genetine struktiira Baltijos Salyse
panaudojant mikrosatelity Zymenis. I viso buvo
istirta 180 erkiy (170 I. ricinus ir 10 L persulcatus),
kurios buvo surinktos 18-oje skirtingy Lietuvos,
Latvijos ir Estijos vietoviy. Sesios populiacijos, po
dvi i§ kiekvienos $alies, buvo naudotos genetinés
jvairovés tyrimams. Atlikus mikrosatelitiniy lo-
kusy analiz¢ buvo nustatyta, kad aleliy skaicius
tirtuose lokusuose svyravo nuo 5 iki 11. Tikétinas
heterozigotiskumas I. ricinus populiacijose svyravo
nuo 0,621 iki 0,8, o stebimas heterozigotiskumas
svyravo nuo 0,304 iki 0,634, ir tai rodo didelj
nuokrypj nuo Hardy-Weinberg pusiausvyros. Di-

dziausias heterozigotiskumo lygis buvo pajtrio
vietovése, kur didele jtakg erkiy genetinei jvairovei
daro migruojantys pauksciai.

Raktazodziai: I ricinus, Baltijos $alys, Lietuva,
Latvija, Estija



