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Abstract—Ixodiae ticks have been counted and sampled in six distant locations within the Altai-Sayan Moun-
tain Area and northern forest steppe in 2012. In total, 1829 individuals of 1. persulcatus and 719 of I. paviovskyi
ticks were collected by flagging. I. persulcatus is found in all six examined locations and /1. pavlovskyi is found in
Western Altai, Northeastern Altai, and Northern Altai, as well as in forest parks near Akademgorodok of Novo-
sibirsk. In total, 16S rRNA and COI sequences have been determined in 144 and 164 I. persulcatus individuals,
as well as in 60 and 55 I. paviovskyi. Selectively equivalent mutant forms are present in I. paviovskyi populations
of Northeastern Altai and Northern Altai. The hydrothermal regime in the forest parks near Novosibirsk is opti-
mal for the /. paviovskyiticks. These ticks have recently colonized the forest parks near Novosibirsk and therefore
are genetically close to /. pavioskyi from the Altai—Sayan Mountain Area populations.
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INTRODUCTION

The genus Ixodes (Acari: Ixodidae) consists of
220 species. It includes ticks most aggressive to men:
Ixodes persulcatus Schulze, 1930, I. paviovskyi (Pom.,
1946), I. ricinus (Linnaeus, 1758), I. scapularis Say,
1821, and 1. pacificus Cooley & Kohls, 1943. I. persul-
catus and 1. pavilovskyi are epidemically the most sig-
nificant in the Asiatic part of Russia. They participate
in the circulation of the tick-borne encephalitis virus
and tick-borne borrelioses, Borrelia burgdorferi s.l.,
Borrelia miyamotoi, “Candidatus Rickettsia tarasevi-
chiae,” and Anaplasma phagocytophilum (Chausov
et al., 2010; Korenberg et al., 2010; Rar et al., 2010;
Shpynov et al., 2006; Taylor et al., 2013; Tkachev
et al., 2014). Due to bird migrations, these arthropods
successfully cross considerable distances, thus
expanding the borders of natural foci (Scott 2001;
Alekseev et al., 2001). Data accumulated to the pres-
ent time allowed us to consider the dispersal of 1. pav-
lovskyi in the beginning of the last century, having led
to the successful fixation of this blood-sucker species
on new territory (Livanova et al., 2015; Romanenko
and Leonovich, 2015). As a rule, the dispersal result-
ing from changes in environment significantly influ-
ence population dynamics (Bigon et al., 1989). At the

same time, changes in environmental conditions
(amount of food, habitat availability, and abiotic fac-
tors) can influence the genetic diversity of populations
(Hewitt, 2000), which either increases due to gene
flow upon tick dispersal or opposite processes occur
under the pressure of cleaning selection.

At the modern stage of investigation of 1. pavlovskyi
dispersal onto new territories, it was found that, in the
ticks of this species, in contrast to [I. persulcatus,
genetic polymorphism is less expressed, and there is
no geographic differentiation of molecular markers
(Livanova et al., 2015). In addition, the analysis of
available materials allowed us to reveal some new fea-
tures at the level of molecular genetics between tick
species having similar biological characteristics. In
this context, our paper aims at not only obtaining
characteristics of the modern condition of abundance
and occurrence of I. persulcatus and I. paviovskyi in
the sympatric populations to the south of West Siberia,
but also an estimation of the diversity level in mtDNA
in the two tick species.

MATERIALS AND METHODS

Counts of the tick abundance and their sampling
were conducted within the Altai—Sayan Mountain
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Table 1. Abundance and distribution of the ticks /. persulcatus (1) and I. paviovskyi (11) at the south of West Siberia in 2012

Relative tick abundance per
' ' Total caught 1 flag—km (D, —D
Key location Coordinates ag—km (Do, —Dyp)
I 11 I 11
Western Altai 50°11’=50°17" N, 17 7 0.9 0.7
(East Kazakhstan Region, Kazakhstan) 82°51’—82°59" E (0.6—1.3) (0.5—1.0)
Northeastern Altai 51°47"—51°47" N, 299 90 32.6 12.4
(Turochakskii district, Altai Republic) 87°18'—87°17" E (29-36) (10.5—14.6)
Northern Altai 51°36'—51°39" N, 662 289 52.6 4.5
(Chemal’skii district, Altai Republic) 85°47'—85°43’ E (49-57) (4.2—4.9)
Salair Ridge 54°42'—54°44’ N, 274 0 9.3 0
(Toguchinskii district, Novosibirskaya Oblast’) 84°45'—84°46" E (8.2—10.6)
Northern forest steppe 54°53’—54°53" N, 625 0 28.8 0
(Toguchinskii district, Novosibirskaya Oblast’) 83°21'—84°21" E (31-36.7)
Belt pine forests in the valley of the River Ob 55°00’—55°02" N, 40 666 1.5 35.3
(forest park zone of the Akademgorodok 82°58’—83°19’ E (1.1-1.9) (32.8—38.4)
of Novosibirsk and its vicinity)

Area and in the northern forest steppe of West Siberia.
Six sites locations were examined (Table 1, Fig. 1).
Ticks counts were conducted using generally accepted
methods (7aezhnyi..., 1985) in the period from April 24
to May 30, 2012, in main vegetation types. Within the
Altai-Sayan Mountain Area we examined low- and
middle-mountainous wet aspen—spruce, pine—spruce,
pine—fir—spruce, and birch—aspen forests and over-
growing glades, as well as pine and secondary forests in
mountain valleys. Zonal aspen—birch forests among
forb—cereal steppes and fields were explored on the
plain in northern forest steppe, as well as habitats in
the forest park zone of Akademgorodok of Novosi-
birsk and its vicinity. The length of transects in each
vegetation type was no less than 5 km. Results of the
counts were analyzed, and the arthropods were subse-
quently collected where they concentrated. Then we
obtained mean values of tick abundance for each sites.
The species of imagoes was identified based on mor-
phological criteria using a binocular microscope
(Filippova, 1977). The ticks were stored in cameras
with differentiated humidity before molecular analy-
sis. A total of 2739 ticks were caught.

The tick DNA was extracted using Proba NK kit
sets (DNA—Technology, Russia) according to user
instructions. Then it was kept in 50 uL of TE buffer at
—70°C. Fragments of the genes 16S rRNA and cyto-
chrome oxydase COI in the samples of tick DNA were
amplified with pairs of respective primers: IF3seq
(5'-gggacaagaagaccctatgaa-3');I1R3seq(5'-agatagaaac-
caacctggctc-3'); Cl1 (5'-accacaaagacattggaactatatat-3'),
C2 (5'-aatccaggaagaataagaatatatac-3'). Expected sizes
of fragments were as follows: 250 p.n. for the gene
16S rRNA and 650 p.n. for the gene COIl. DNA
sequences were determined using forward primer and
downstream primer.
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Amplified fragments were cleaned using Silica
Bead DNA of the Gel Extraction Kit (Fermentas) and
analyzed using BigDye Terminator v. 3.1 Cycling
Sequencing Kit (Applied Biosystems). Alignment of
sequences was conducted using MEGA 5.2.2 software
(Tamura et al., 2011). The sequences of gene frag-
ments from unique specimens for each territory under
study were deposited in the GenBank. MEGA 5.2.2
Software was used for building dendrograms by the
methods of Maximum Likelihood (ML), Neighbor
Joining (NJ), and Unweighted Pair Group Method
with Arithmetic Mean (UPGMA). The dendrograms
built by different methods had similar topology. We
provide here those built using the NJ method.

Statistical error of tick counts was calculated by
the formula Dlov = D(1 + 1.64 X ¢(D)) and Dup =
D/(1 + 1.64 X e(D) (Olsson, 2005).

RESULTS AND DISCUSSION

As was shown earlier (Livanova et al., 2015), based
on morphological characters of the 2548 ticks caught,
they belonged to the species 1. persulcatus (1829 indi-
viduals) and I. paviovskyi (719). I. persulcatus was
recorded on all territories under study, /. paviovskyi on
Western, Northwestern, and Northern Altai, as well as
in valley habitats of the River Ob within the forest park
zone of Akademgorodok in Novosibirsk and its vicin-
ity. Maximum values of relative abundance of the ticks
1. persulcatus were found in Northern Altai. In North-
western Altai (52.6 individuals per km, x2 4.6) and the
zonal forest steppe (28.8 individuals per km, x? 7.0),
the values of relative abundance of 1. persulcatus were
significantly lower than those found in Northern Altai
(52.6 individuals per km) (see Table 1). On the con-
trary, the abundance of 1. pavlovskyi was maximum in
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Fig. 1. Schematic map of the study sites and distributions of the CO/I haplotypes in /. persulcatus and I. paviovskyi. Places where
1. persulcatus and 1. pavlovskyi were collected: SA, Western Altai (Kazakhstan); EA, Northeastern Altai (Altai Republic, Russia);
NA, Northern Altai (Altai Republic, Russia); SKR, Salair Ridge (Novosibirsk oblast, Russia); TG, northern forest steppe (Novo-
sibirsk oblast, Russia); and AG, forests in the Ob River valley (city of Novosibirsk, Russia). The number of unique haplotypes for
each tick species and sites under study is designated by n.
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the forest park of Akademgorodok (35.3 individuals
per kilometer) and significantly exceeded the abun-
dance of'ticks of this species on the Western (0.9 indi-
viduals per km, %2 16.2), Northwestern (12.4 individ-
uals per km, %2 11.1), and Northern Altai (4.5 per km,
x?23.8).

Within the western part of I. paviovskiy range in
sympatric populations of 1. paviovskiy and I. persulca-
tus with I. persulcatus, the latter occurs on wider areas
and on most of the territories has higher population
numbers. It is known that optimal survival of 1. persul-
catus was noted in the years with modest temperatures
and high humidity (Korotkov and Kislenko, 2002).
According to data from http://www.atlas-yakutia.ru
within the study area on the Northern and Northeast-
ern Altai in the period of activity of arthropods, the
values of positive temperatures for the period with
mean daily temperature above 10°C are 1200—1800°;
humidity is from 800 mm and more. Such thermal and
humidity characteristics were given for the study area
we studied on Salair Ridge and on the plain northern
forest—steppe. An opposite situation was formed on
the territories under study on the Western Altai and in
Akademgorodok, where the population number of
I. persulcatus is low. The mean daily sum of tempera-
tures above 10°C there reaches 2200° and the amount
of precipitation during frostless period in some years
below 200 mm. Such types of data are singular for the
1. paviovskiy ticks. However, having analyzed the val-
ues of relative abundance of the 1. pavlovskiy ticks, we
can assume that, in contrast to /. persulcatus, this spe-
cies prevails on territories with high values of the sum
of temperatures in spring and summer, but humidity
there is low. It is interesting that, according to data
from Bolotin et al. (1977) for the Western Sikhote
Alin, the 1. pavlovskiy ticks, unlike 1. persulcatus, occur
more frequently on territories with a higher sum of
temperatures, but the level of precipitation does not
play a decisive role for this tick species. On the lower
part of the Salair Ridge explored by us in 2012, which
is characterized as regions with high humidity and
modest spring and summer temperatures, conditions
for the survival of I. pavlovskyi populations are unfa-
vorable. Despite the proximity of large I. paviovskiy
populations (Chigirik et al., 1974) and confirmed facts
of its translocation by birds there (Bogdanov, 2006),
the ticks did not form populations in the part of Salair
Ridge explored by us.

Abundance of hosts of ticks as a factor influencing
the level of population numbers in the tick species
under study comes in second place in relevance
(Korotkov and Okulova, 1999). It is known that the
mortality of imagoes in /. persulcatus in the spring and
summer period, conditioned by the deficiency of large
and medium-sized mammals, may be 98% (Korotkov
and Kislenko, 2002). Such a dependence of the num-
ber of tick imagoes from vertebrates seems to reason-
ably explain the flourishing of the I. pavlovskyi popu-
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lation in the forest park of Akademgorodok and that of
1. persulcatus on the Northeastern and Northern Altai.
In all probability, the reproduction of I. persulcatus in
Akademgorodok is hindered by the low number of
hosts of ticks of the mature phase and the annual exis-
tence of this species is ensured by the translocation of
its nymphs by birds. It is also evident that the high
population number in /. paviovskyi within the forest
park zone in Akademgorodok and its vicinity is main-
tained by a high number of birds foraging on land
(Livanova et al., 2011). Our conclusions correspond to
results of studies conducted in Tomsk and its suburbs,
where a clear numeric prevalence of I. pavlovskyi
above I. persulcatus ticks was noted on the areas inside
the city (Romanenko and Leonovich, 2015). The ear-
lier assumption about the positive influence of the
proximity of large river valleys on the successful exis-
tence of 1. paviovskyi on new territories (Romanenko
and Pankova, 2013), in all probability, is baseless.

The data on the genetic diversity of closely related
1. persulcatus and 1. paviovskyi are shown in Table 2.
The high content of A and T nucleotide bases was
determined for mtDNA sequences in all specimens.
Eight variable and two Pi-informative sites were deter-
mined for the 16S sequence in the rRNA of /. persul-
catus. Only three variable sites were found in /. paviov-
skyi. For a nucleotide sequence of the gene COI frag-
ment from specimens of the [I. persulcatus ticks,
33 variable and 7 Pi sites were found for specimens of
1. pavlovskyi 13 and 5, respectively. The primary struc-
ture of the COI protein site was determined in the
course of studies of the COI gene in 1. persulcatus and
1. paviovskyi ticks (Table 3). In the amino acid
sequence of the studied fragment of the COI protein in
1. persulcatus ticks, the main haplotype I1Pr003 differs
from that in the main haplotype of I paviovskiy
(IPv001) by one amino acid residue in the 178 posi-
tion: 1. persulcatus (I1Pr003), serine (Ser); 1. paviovskiy
(IPv001), leucine (Leu). In the sequences of 13 speci-
mens of 1. persulcatus ticks obtained from all explored
territories, singular replacements of nucleotides have led
to modifications of the protein amino acid sequence.
The number of mutations leading to the change of class
of the amino acid residue in seguinces of gene COI in
1. paviovskiy ticks is 4. In the haplotypes IPv261(EA),
IPv264(EA), 1Pv274(NA), and IPv284(NA), changes
of nonpolar amino acids to polar ones charged posi-
tively occurred. It is important to note that the sites of
replacements of amino acids of the polypeptide, found
in the haplotypes 1Pv264(EA) and IPv284(NA), are
positioned closely (sites 37 and 38).

Based on an analysis of the sequence of the 16S r RNA
gene in 1. persulcatus, nine haplotypes were deter-
mined. Among them, IPr003 is widespread (Fig. 2).
The IPr003 sequence is homological to that in /. per-
sulcatus ticks (ABO73725) from Japan. Four haplo-
types were determined in 1. paviovskyi ticks, and the
sequence of the widespread IPv001 is close to that of
1. pavlovskyi ticks (AF549835) from Japan. Based on
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Table 2. Analyzed genes of the mtDNA (165 rRNA, COI) of I. persulcatus (1) and I. paviovskyi (I1) caught in the south of
West Siberia in 2012
Number of Nucleotide composition, %
Nucleotide . ger.letlc Number of Number of Pa1rw1.se
seqUences Species variants variable Pi-sites. % genetic
q (sequences | sites, % 0 A%) T(%) C(%) G(%) distances
analyzed)
| 144 8 (2. 2 (0.7 37.4 34.4 18.7 .6 0.00130
16S rRNA 2 (149) (2.9%) (0.7%) 4
11 4 (60) 3(1.1%) 0 38.5 35.6 16.7 9.1 0.00048
col | 32(164) | 33(5.1%) | 7(1.1%) 29.0 38.4 18.2 14.4 0.00225
11 11 (55) 13(2%) | 5(0.8%) 28.6 40.3 16.8 14.4 0.00165

the analysis of the COI gene fragment in the 1. persul-
catus ticks, 32 haplotypes were determined (Fig. 3).
Among them, Ipr003 and Ipr004 sequences were
found in ticks caught in all key locations (see Fig. 1).
Their proportions from the number of determined
ones were 37.8 and 29.3%, respectively. The ticks with
homologous sequences of the fragment of the COI
gene were caught earlier in China (HM193868) and
Japan (ABO073725). Eleven haplotypes were deter-
mined in 1. pavlovskyi ticks; IPv001 was found almost
everywhere (see Fig. 1). The proportion of ticks with a
sequence identical to IPv001 in samples under study
was 59.6%. The 1Pv001 sequence is homological to
JX288763 of the I. paviovskyi ticks caught in the parks
and suburbs of Tomsk.

77— 1Pr 004 SA(1) EA(1)
IPr 006 SA(2) EA(1)

IPr 198 EA(2)

IPr 236 SKr(1)

® AB073725 I. persulcatus Japan

IPr 003 SA(12) Ag(7) Tz(22) NA(42) EA(26) SKr(19)
® 134295 1. persulcatus USA

IPr 160 NA(1) Skr(1)

IPr 178 EA(1)

IPr 250 SKr(1)

LlPrl66 EA(1)

100

0.01

L - 1

A shifting of the nucleotide composition towards A
and T bases in the mitochondrial sequence in 1. persul-
catus and 1. pavlovskyi ticks was found. Despite the
lack of a singular universal mechanism explaining the
shift of nucleotide content, these results evidenced a
high degree of kinship between I. persulcatus and
1. pavlovskyi ticks. A similar shift of the nucleotide
content was found in mtDNA sequences in 1. ricinus
(Casati et al., 2008). Xu et al. (2003) explain this pecu-
liarity by the fact that, among numerous members of
the genus Ixodes, ticks of the ricinus—persulcatus
complex are a relatively modern evolutionary group.

We analyzed an amino acid sequence of a fragment
ofthe COI protein in 1. persulcatus and I. paviovskyi. In
contrast to the /. persulcatus ticks living in Northeast-
ern and Northern Altai, there are selectively equivalent

L. persulcatus

r Ipv 194 EA(1)

® AF549835 1. paviovskyi Japan
IPv 001 SA(8) Ag(15) EA(16) NA(17)
IPv 070 Ag(1)

I1Pv 291 NA(1) Ag(1)

® N248424 1. ricinus

1. pavilovskyi

Fig. 2. NJ, dendrogram built based on analysis of sequential fragment of the gene 16S r RNA (276 p.n.). Numerals (>70% /> 0.7)
in the nodes of branching designate the value of bootstrap support. The number of sequences of each haplotype is given in brack-
ets. Places where 1. persulcatus and 1. paviovskyi were collected: SA, Western Altai (Kazakhstan); EA, Northeastern Altai (Altai
Republic, Russia); NA, Northern Altai (Altai Republic, Russia); SKR, Salair Ridge (Novosibirskaya oblast, Russia); TG, north-
ern forest steppe (Novosibirsk oblast, Russia); and AG, forests in the Ob River valley (Novosibirsk, Russia). Punson is sequence

in the GenBank.
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= Ipr 225 SKr(1)
= Ipr 269 EA(1)
— Ipr 224 SKr(1) 1. persulcatus
® AB073725 I. persulcatus Japan
= Ipr 088 Tg(1)
Ipr 004 SA(5) Ag(2) Tg(8) NA(17) EA(11) SKr(5)
— Ipr 116 NA(1)
= Ipr 250 SKr(1)
= Ipr 190 EA(1)
~ Ipr 168 EA(2)
Ipr 023 SA(1)Tg(1) EA(1)
Ipr 072 Ag(1)
® JX288764 I. persulcatus Tomsk

Ipr 043 Tg(1) SKr(3)
L= 1pr 058 Ag(1)

Ipr 042 NA(1)

Ipr 073 Tg(1)
Ipr 012 SA Ag(2) Tg(5) SKr(5)
Ipr 238 SKr(1)
Ipr 243 SKr(1)

Ipv 050 Ag(1) T
[E. AB231669 I. paviovskiy Japan

r Ipv 052 Ag(2)

Ipv 066 Ag(1)
1Py 274 NA(1)
Tpv 019 SA(1)
IPv 276 NA(1)
Ipv 001 SA(6) Ag(9) EA(12) NA4) | I paviovskyi
@ JX288763 I. paviovskyi Tomsk
Ipv 011 SA(1) EA(1)

IPv 261 EA(4) NA(6)

IPv 264 EA(1)

1Py 284 NA(1)

@ AY945430 Ixodes ricinus

99

0.01

L - |

Fig. 3. NJ, dendrogram built based on an analysis of sequential fragment of the COI gene (647 p.n.). Numerals (>70% /> 0.7) in
the nodes of branching designate the value of bootstrap support. The number of sequences of each haplotype is given in brackets.
Places where 1. persulcatus and 1. paviovskyi were collected: SA, Western Altai (Kazakhstan); EA, Northeastern Altai (Altai
Republic, Russia); NA, Northern Altai (Altai Republic, Russia); SKR, Salair Ridge (Novosibirsk oblast, Russia); TG, northern
forest steppe (Novosibirsk oblast, Russia); and AG, forests in the Ob River valley (Novosibirsk, Russia). Punson is a sequence in
the GenBank.
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mutant forms (haplotypes 2611pv, 264Ppv, 274Ipv,
and 284Ipv) among I. pavlovskyi ticks caught in the
same. Despite the fact that both species of ticks on
each sites have undergone identical influences with a
high probability, their genetic apparatus reacted to the
event in different ways, which led to the appearance
and fixation of different forms. Against the back-
ground of low occurrence of the Pi-informative sites in
the sequences of mitochondrial markers in both tick
species, this parameter is twice as low on average in
L. pavlovskyi ticks.

Pi-informative sites are rare in the studied
sequences in both tick species. This indicates that dif-
ferences between haplotypes appear as a result of point
mutations which, as a rule, do not play a selective role.
Groups of 1. persulcatus and I. paviovskyi ticks from all
explored locations have common haplotypes, most of
which differ, as a rule, by the replacement of one
nucleotide base.

Intraspecific genetic homogeneity of 1. paviovskyi
in the south of West Siberia is determined, most likely,
by a long and uninterrupted trophic relationship with
feeders, especially with mobile birds. This promotes
intensive dispersal and exchange by genetic informa-
tion between ticks separated by long distances.

Results from some works (Delaye et al., 1997;
De Meeus et al., 2002; Casati et al., 2008) on the ticks
1. ricinus from Western Europe also demonstrated a
lack of geographic heterogeneity. In contrast, genetic
differences were recorded between North African and
European insular and mainland populations of /. rici-
nus (Noureddine et al., 2011; Dinnis et al., 2014).
According to the authors, impassable natural barriers
such as the Mediterranean Sea and the English Chan-
nel influenced the genetic heterogeneity of 1. ricinus
populations.

CONCLUSIONS

Our studies allowed the characterization of peculiar-
ities of the modern distribution and abundance levels of
1. persulcatus and I. paviovskyi in their sympatry zone in
the south of West Siberia. We obtained confirmations
for our earlier assumption of /. pavlovskyi higher toler-
ance to a decrease in environmental humidity and
increase in the sum of positive temperatures. In the
conditions of anthropogenically transformed land-
scapes of cities in the south of West Siberia, Tomsk,
Kemerovo, and Novosibirsk, /. pavilovskyi is capable of
replacing I. persulcatus, having successfully adapted to
recreational digression. A study of genetic variability of
1. persulcatus and 1. pavlovskyi by a set of mitochondrial
markers allowed approaching the solution of problems
of the genetic structure in epidemically valuable species
of arthropods. A genetic relation between relatively
modern populations of 1. paviovskyi evidences to exis-
tence of an effective genetic flow to long distances due
to mobile tick hosts.
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