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Abstract—On the basis of the analysis of genetic variation detectable by ISSR-PCR, the state of the gene
pools of 14 populations of Roman snail Helix pomatia L. in the conditions of urbanized landscapes of the
southeastern and eastern parts of the current range was examined. According to the data obtained, the major-
ity of the studied populations of this mollusk are in satisfactory condition. This is evidenced by the increased
level of genetic diversity (H, = 0.199 £ 0.025, I, = 0.306 £ 0.035) and the high values of effective popula-
tion size, calculated, on the basis of the straight-line regression equation, between the pairwise genetic and
geographic distances (Ve = 2.0—4.9) that are comparable with indigenous common species of terrestrial mol-
lusks. Despite the high level of differentiation (G, = 0.255, &, = 0.233, Nm = 0.822), the population distri-
bution was not random (R, = —0.591, p = 0.0004) and corresponded to the model of isolation by distance. It
is hypothesized that, in the adventitious colonies of this mollusk, effective formation of a balanced genetic
structure takes place that, in the context of biological and ecological features, facilitates its adaptation to the

conditions of an urban environment and the population of the new territories of Eastern Europe.
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INTRODUCTION

Roman snail (Helix pomatia Linnaeus, 1758) is one
of the largest land snails. The initial species range and,
apparently, the center of origin of this species are the
regions of Central and Southeastern Europe. The
modern range of Roman snail, due to the introduc-
tion, covers the Volga region, western regions of
Belarus, Ukraine, and the Baltic states, including
Kaliningrad [1—3]. In addition, the mollusk has been
introduced in a number of cities such as St. Petersburg,
Kursk, Moscow, and Kharkiv [4—7]. There are reports
on introduction of H. pomatia in Finland [8] and the
United States [9], where currently the species is regis-
tered in the American Malacological Bulletin on the list
of North American terrestrial gastropods [10].

In addition to the settlements where this species
was introduced, in some regions, its populations natu-
ralized in natural forest communities with environ-
mental or cultural-historical status. The result of the
introduction of H. pomatia into alien biogeocoenoses,
but as it turned out, quite suitable for naturalization of
this species, was the emergence of multiple, geograph-
ically isolated populations of Roman snail that are
good objects in the studies of microevolutionary phe-
nomena occurring in modern urban landscapes.

Traditionally, large animals, which include Roman
snail, attract more attention upon the development of
the measures for their protection in the wild. Some
authors have attributed this species to the category of
species of special concern [11]. At present, Roman
snail is listed in the Convention on the Conservation
of European Wildlife and Natural Habitats (Bern
Convention), Annex III: Protected Fauna Species
(September 19, 1979), as well as in the Council Direc-
tive (EU Habitats Directive Annex Va) 92/43/EEC of
January 1, 2007. The current conservation status of the
world macropopulation of H. pomatia as of 2015 at the
IUCN website (http://www.iucn.org) is designated as
LC (least concern) status, i.e., a species with minimal
threats to its existence [12]. Nevertheless, in certain
local territories, the species is the subject of protective
legislation. The species is included in the lists of
threatened species of Denmark, Great Britain, Latvia,
Bulgaria, and Estonia. In Ukraine, it is included in the
Red Book of Sumy oblast [13]. In Russia, this species
is listed in the Red Book of Belgorod and Voronezh
oblasts [14, 15] and is recommended for inclusion in
the Red Book of Samara oblast [16].

Apparently, the exact number of currently existing
geographically isolated populations of H. pomatia is
not known, but some of them are objects for ecological
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and genetic studies. Some studies were focused on the
analysis of the population structure of this species on
the basis of the analysis of morphological characters
[17—20] and allozyme markers [21—23].

In our previous studies, the Roman snail popula-
tion structure in the area of investigation was
described by conchological traits and allozymes [24,
25]. However, the use of these definitely important
markers of the population structure has a number of
limitations. First, in this mollusk, metric traits of the
shell are not discrete and are subjected to modification
variability, which does not make it possible to trace the
genetic processes occurring in studied groups. Sec-
ondly, it is known that the shell phenes and isoen-
zymes reflect variability of only the coding part of the
genome, which, according to various estimates, con-
stitutes about 10% oftotal DNA, while the rest, the so-
called silent (satellite) DNA, remains out ofthe ques-
tion. At the same time, these regions contain a great
number of selectively neutral sites, which can be
traced for the genetic automatic processes in the pop-
ulations. The most convenient way to solve this prob-
lem is the use of ISSR DNA markers (inter simple
sequence repeats) [26], the use of which is based on
the use of a primer having multiple complementary
regions containing tandem repeats scattered through-
out the genome. Earlier, we carried out the prelimi-
nary analysis of five Roman snail populations using

two ISSR primers, which made it possible to estimate
the state of the gene pools of the studied groups living
in urban environment areas of the southeastern part of
the current range [27]. Later on, these studies were
continued.

The objective of this study was to analyze the pop-
ulation structure of H. pomatia in the conditions of
Eastern European urban landscapes using DNA
markers (ISSR) to study the microevolution phenom-
ena occurring in the populations of the species.

MATERIALS AND METHODS

The experiments were performed using tissue spec-
imens of Helixpomatia L., stored in the cryobank cre-
ated at the Laboratory of Population Genetics and
Genetoxicology, Belgorod State National Research
University. Population samples were collected during
the expeditions from 2006 through 2015. At the DNA
loci, a total of 511 H. pomatia individuals from 14 pop-
ulations were examined (Fig. 1, Table 1).

DNA was extracted from mantle specimens thor-
oughly removed from mucus. DNA was isolated using
silica-based sorbent according to the instructions to
the Silica uni reagent kit (Biokom, Russia). Amplifi-
cation was carried out in thermal cyclers MJ Mini and
MyCycler (Bio-Rad, United States). The reactions
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Table 1. Description of the sampling sites

Site N Site description Coordinates
1. Tver 7 | Tver, old park in the area of car-building factory 56°51°41.65” N
35°54’11.28" E
2. Shopino 24 | Belgorod oblast, Belgorod raion, settlement of Shopino, ravine forest near the Bel-| 50°42’59.37” N
gorod—Moscow route 36°29°29.98” E
3. Kursk 15 | Kursk, forest area adjacent to a garage and a dump of construction waste 51°4524.44” N
36°08'28.95" E
4. Donets 42 | Floodplain of Severskyi Donets River, near the city of Belgorod. Thickets of willow | 50°36738.40"” N
and maple. Common burdock, nettle 36°37'19.19” E
5. Hotmizhsk| 29 |Belgorod oblast, settlement of Hotmizhsk floodplain of the Vorskla River, ravine forest | 50°3526.00” N
near the Church of the Resurrection, recreational area of the Krasivo health spa 35°54’11.28" E
6. Maiskiy 115 [ Belgorod oblast. Belgorod raion, settlement of Maiskiy ravine oak forest 50°3059.26” N
36°27°15.98” E
7. Belgorod 65 | Belgorod, willow forest in the floodplain of the Vezelka River, near the campus of | 50°35"39.17” N
Belgorod State Research University. Of plants: nettle, common burdock, cleavers, | 36°34°04.49” E
dandelion
8. Kharkiv 68 | Kharkiv (Ukraine), Taras Shevchenko city park, floodplain of the Lopan River 50°00°15.72” N
36°13’31.31” E
9. Zhytomyr | 35 | Zhytomyr (Ukraine) Parkland of the Teterev River floodplain; on the opposite side | 50°14°19.27” N
of the river is the Gagarin city park of culture and recreation 28°40°07.79" E
10. Kyiv 28 | Kyiv (Ukraine), Fomin Botanical Garden 50°2452.38”" N
30°33'29.29” E
11. Bykovo 23 | Moscow oblast, Ramenskii raion, settlement of Bykovo, territory of All-Russian 55°38'11.43” N
Center for Plant Quarantine. Mixed forest with a predominance of Scots pine 38°06°02.81” E
12. Prague 20 | City of Mochov, near Prague (Czech Republic). Agricultural landscape, close to  |50°08'12.677” N
the railway. Thickets of black elderberry 14°47°38.217" E
13. Bukovce | 20 |Surroundings of Bukovce (Slovakia), along the road to the settlement of Chotca. 49°15’41.59” N
Deciduous forest. Thickets of fern-leaved chervil, nettle 21°41'3941” E
14. Wroctaw | 20 | Suburbs of Wroctaw (Poland). Deciduous forest (oak, maple), along Oder River | 51°08'47.40” N
16°5736.72” E

were run in a total volume of 25 pL of reaction mixture
containing 20 ng genomic DNA, PCR buffer (67 mM
Tris-HCI (pH 8.8), 16 mM (NH,),SO,, 5 mM [-mer-
captoethanol, 7 mM EDTA, 3 mM MgCl,), 0.25 mM
dNTP, 0.5 uM primer, and 1 unit of 7ag DNA poly-
merase (inhibited for hot start). The reaction conditions
consisted of one cycle of 2min/94°C, followed by
40 cycles (30 s/94°C, 30 s/T°C, 2 min/72°C), and one
cycle of 10 min/72°C. PCR was carried out with three
primers designed at the University of British Colum-
bia (set no. 9, www.michael-smith.ubc.ca). The
primer sequences are shown in Table 2.

PCR products were separated by electrophoresis
on a 2% agarose gel in TAE buffer (cooled to 4°C) and
at 10 V/cm for 45 min. The blocks were stained with
ethidium bromide.

The amplified fragment patterns obtained in the
course of electrophoresis were used for the construc-

tion of binary matrices, where the band presence was
designated as “1” (allele p) and the band absence was
designated as “0” (allele ¢). In H. pomatia, a total of 57
loci were identified (Table 2). The resulting DNA pat-
terns and their interpretation are shown in Fig. 2.

Analysis of molecular variance AMOVA [28] and
the population genetic diversity indices, such as
expected heterozygosity (/.), the mean number of
alleles per locus (A4), effective number of alleles (A4.),
Shannon index (/,), and the percentage of polymor-
phic loci (P%), were calculated in the GenAlEx v. 6.5
software program [29]. In addition, this program was
used to assess the correlation between the level of gene
flow between groups and the level of pairwise genetic
distances using the Mantel test [30, 31] and to calcu-
late the Neiand Li genetic distances [32]. On the basis
of the genetic distance matrix, clustering of the sam-
ples was performed using the unweighted pair-group
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Table 2. Primers used in the study

Primer Sequence 5'—3
UBC-809 (AG)8G
UBC-811 (GA)C
UBC-827 (AC)8G

method (UPGMA) [33] in the MEGAG software pro-
gram [34]. The degree of the population differentia-
tion was assessed using the Nei model [35] as imple-
mented in the POPGENE 32 software program [36].
Debets polygons were constructed using the Statistica 6.0
software program.

RESULTS

The parameters of genetic variation of the studied
population are shown in Table 3. According to the data
obtained, there was no correlation between the genetic
diversity and the geographical location of the snail
groups. For instance, the most monomorphic group
was the population of Kyiv (no. 10). A slightly higher
level ofgenetic variation was observed in Kharkiv (no. 8).
The highest average expected heterozygosity and
Shannon index values were characteristic of the popu-
lations from the outskirts of Prague (no. 12) and Mos-
cow (no. 11). The highest percentage of polymorphic
loci was observed in the Donets (no. 4) and Belgorod

Annealing temperature, °C

Number of loci

52 18
50 19
%5 20

(no. 7) populations. In addition, the Donets group was
characterized by the highest average number ofalleles
per locus, and the population from the outskirts of
Wrociaw (no. 14) was the leading one among the
examined groups in the effective number of alleles.

Analysis of molecular variance (AMOVA) [28]
based upon the data for DNA loci (Table 4) revealed
rather high genetic differentiation of the populations
of H. pomatia. The differences between the popula-
tions accounted for 23% ofthe variation, while the dif-
ferentiation index Og was 0.233 and the gene flow
parameter Nm was 0.822 individuals per generation. It
should be noted that the values of these indices were
somewhat different from those obtained by allozyme
markers [25], wherein the ratio between the among-
population variance (Vap) and within-population
variance (Vwp) was 29/71%, with O¢ = 0.291 and
Nm = 0.6009.

In addition, the data of the molecular analysis of
variance of the populations of H. pomatia at the DNA

Fig. 2. Fragment ofelectrophoretogramwith DNA patterns of H. pomatia obtained by using primer UBC 809 (a). Interpretation
ofthe DNA patterns of H. pomatia (the numbers designate only the first and last loci) (b).
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Table 3. Measures of genetic heterogeneity in the populations of H. pomatia averaged over a set of DNA loci

Site N P% A A, H, Iy,
1. Tver 7 49.12 1.491 +£ 0.067 | 1.333 +0.052 | 0.188 +£0.028 | 0.275 + 0.040
2. Shopino 24 68.42 1.684 +0.062 | 1.323 +£0.051 | 0.188 = 0.026 | 0.288 +0.036
3. Kursk 15 64.91 1.649 +0.064 | 1.363 = 0.051 | 0.210 +0.027 | 0.315+0.038
4. Donets 42 89.47 1.895 +0.041 | 1.280 +0.033 | 0.192 +£0.019 | 0.318 +0.026
5. Hotmizhsk 29 64.91 1.649 +0.064 | 1.327 £0.048 | 0.193 + 0.026 [ 0.293 +0.037
6. Maiskiy 115 80.70 1.807 £0.053 | 1.325+0.046 | 0.197 +£0.025 | 0.306 + 0.035
7. Belgorod 65 87.72 1.877 +£0.044 | 1.328 = 0.043 | 0.207 +0.022 | 0.330 +0.031
8. Kharkiv 68 84.21 1.842 + 0.049 | 1.262 + 0.036 | 0.175 +0.020 | 0.287 + 0.029
9. Zhitomir 35 63.16 1.632 +0.064 | 1.318 + 0.049 | 0.187 +0.026 | 0.284 + 0.037
10. Kyiv 28 50.88 1.509 +0.067 | 1.295 +0.051 | 0.169 + 0.027 | 0.253 +0.038
11. Bykovo 23 82.46 1.825 £0.051 | 1.377 £0.048 | 0.226 + 0.025 | 0.349 +0.034
12. Prague 20 78.95 1.789 +0.054 | 1.361 +0.041 | 0.227 +0.023 | 0.354 +0.032
13. Bukovce 20 59.65 1.596 +£0.065 | 1.354 +0.051 | 0.205 4+ 0.027 | 0.306 = 0.038
14. Wroctaw 20 59.65 1.596 £ 0.065 | 1.383 =0.050 | 0.222 +0.27 | 0.329 +0.039
Mean 70.30 + 3.60 1.701 £ 0.058 | 1.331 £0.046 | 0.199 +0.025 | 0.306 + 0.035
Table 4. Molecular variance (AMOVA) values at the DNA loci in the populations of H. pomatia
. Number of degrees Sum of Mean square | Variance

Source of variation of freedom (5 ) | squares (55) ( M;l') " % D, P Nm
Between the populations 13 1030.93 79.303 2.076 23
Within the populations 497 3403.27 6.848 6.848 77 1 0.233 1 0.01 | 0.822
Total 510 4434.207 86.150 8.924

markers were similar to those obtained previously for
indigenous common species of mollusks Bradybaena
Sruticum Mill. and Chondrula tridens Miill., living in
the south of the Central Russian Upland. For exam-
ple, in Br. fruticum at the DNA loci, the level of popu-
lation differentiation @®, = 0.29§, the gene flow
parameter Nm = 0.708, and Var/Vwp = 30/70%. In
Ch. tridens, ®y = 0.185, Nm = 0.954, and Var/Vwp =
19/81% [37]. The level of genetic differentiation of
Roman snail populations was considerably lower than
that of the populations of the relict mollusk Helicopsis
striata Mill. (®, = 0.404, Nm = 0.360, Var/Vwp =
40/60%), also found in the study area [38].

The pairwise @, estimates of genetic differentia-
tion obtained on the basis of 57 ISSR loci are shown in
Table 5. It is noteworthy that the pairwise @ values of
genetic differentiation between western groups (sites 12,
13, and 14) in 56% of cases exceeded the correspond-
ing values calculated between eastern colonies.

The degree of differentiation of the studied popula-
tions of H. pomatia at different loci estimated using the
Nei model [35] showed a pattern similar to the
AMOVA parameters. For instance, the proportion of
interpopulation gene diversity in total diversity G, =

0.255, while the expected proportion of heterozygous
genotypes in total population A, = 0.267 = 0.030, and
the value intrapopulation diversity averaged over all

subpopulations was Hs =0.199 + 0.017.

It is known that the average G, values correspond
to the level of genetic differentiation observed in the
selectively neutral process. In this case, the loci with
higher G, values most likely experience a disruptive
selection, while the loci with low subdivision index
values are affected by stabilizing selection [39].
According to the data obtained, the maximum differ-
entiation between populations was observed at the
UBC-809-16 (G, = 0.485), UBC-811-17 (G, =
(.760), and UBC-827-14 (G, = 0.470) loci, while the
lowest differentiation was observed at the high molec-
ular loci UBC-809-1 (G, = 0.009), UBC-811-1 (G, =
0.023), and UBC-827-1 (G, = 0.013).

It should be noted that our earlier analysis of the
gene pools of five populations (sites 6—10) with two
primers (UBC—827 and SAS-1) [27] showed that the
average values of genetic heterogeneity parameters
among these populations were higher than in the pres-
ent study, both for the individual populations and in
the average for all groups. However, the calculated
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Table 5. Pairwise genetic differentiation estimates (® &) between populations of H. pomatia at ISSR loci
Site 1 2 3 4 5 6 8 9 10 u 12 13 14
1 0001 0001 0.001 0001 0.001 0001 0001 0.001 0001 0001 0001 0.001 0.001
2 0506 0.001 0001 0.001 0001 0001 0001 0001 0.001 0.001 0.001 0.001 0.001
3 0493 0.197 0.001 0001 0.001 0001 0001 0.000 0001 0001 0001 0.001 0.001
4 0368 0265 0.224 0.001 0001 0001 0001 0001 0001 0001 0.001 0001 0.001
5 0470 0.100 0122 0.252 0.001 0.001 0001 0001 0.001 0.001 0001 0.001 o0.001
6 0442 0.169 0182 0211 0.145 0.001 0001 0001 0.001 0.001 0001 0.001 0.001
7 0320 0154 0184 0.084 0151 0.099 0.001 0.001 0001 0001 0001 0001 0.001
8 0372 0.266 0265 0.093 0251 0182 0.076 0.001 0001 0001 0.001 0.001 0.001
9 0451 0345 0.309 0.228 0.325 0198 0.185 0.197 0.001 0.001 0.001 0.001 0.001
10 0468 0398 0.395 0.308 0406 0281 0.223 0.232 0.136 0.001 0.001 0.001 0.001
1 0413 0.222 0179 0130 0187 0171 0118 0191 0.328 0.378 0.001 0.001 0.001
2 0332 0379 0359 0140 0377 0336 0197 0203 0313 0.347 0.232 0.001 0.001
13 0419 0376 0325 0301 0345 0339 0264 0299 0404 0451 0282 0.372 0.001
14 0461 0394 0.354 0.267 0374 0343 0271 0300 0352 0422 0.260 0.318 0.257

Below the diagonal are the Ost estimates and above the diagonal is the level of their statistical significance; the Ostvalues between west-

ern groups are in bold type.

average of means showed no considerable differences.
A statistically significant difference was obtained only
by the percentage of polymorphic loci (89.33 + 5.71%
versus 70.30 £ 3.60%). The level of differentiation of
the five groups was lower (6°3= 0.166, O3 = 0.210).

The dendrogram of genetic distances and Debets
polygons (radar charts) of the studied populations
constructed using frequencies of q allele are shown in
Figs. 3 and 4. In some cases the data show a certain
dependence ofthe degree ofgenetic similarity between
populations on their geographical closeness, and it
seems likely that, judging by this distribution, the rela-
tionships between adventitious colonies can be
assessed. For instance, the Zhitomir and Kyiv groups
appeared to be quite close (cluster 2). A single cluster
also formed the populations belonging to the south of
the Central Russian Upland (sites 2—8, cluster 1),
which were divided into two groups. One group
included the colonies living in Belgorod and Kharkiv,
and the other group included the colonies from the
city of Kursk and Belgorod oblast. The exception was
only the snails from Moscow oblast (site 11, Bykovo),
which also were placed in this group. However, the
origin of this colony is unknown, and its relationships
with more southern neighbors cannot be excluded.

Western groups from the Czech Republic (site 12),
Slovakia (site 13), and Poland (site 14) (cluster 3) pre-
dictably have similar gene pools. The population from
the city of Tver (site 1) was found to be genetically and
geographically most distant from all other groups.

The sample clustering patterns are confirmed by
the analysis of regression between the pairwise loga-

rithm values of the gene flow between populations
(logjNm) and the logarithms of geographic distances
between them (log/)) (Fig. 5). Using the Mantel test,
an inverse relationship between these parameters
(Jtm= —0.591, P = 0.0004, 9999 permutations) was
established. It should also be noted that a similar result
was obtained earlier using allozymes as genetic mark-
ers; however, the colony clustering patterns were
somewhat different [25].

We also calculated the effective size of the studied
colonies of H. pomatia on the basis of the model pro-
posed by Slatkin [40], which is based on the equation
of straight-line regression and the coefficients of the
linear function between the pairwise estimates of gene
flow (Nm) and geographic distance (/)) between pop-
ulations:

logjNm = a + blogD.

The effective population size (for all studied popu-
lations as a whole) is calculated as Ne = 10a, where a is
the coefficient obtained in the equation. The equation
isshown in Fig. 5. The calculation results are shown in
Table 6.

DISCUSSION

Given the fact that the westernmost of the studied
populations living in the Czech Republic, Slovakia,
and Poland can be considered as indigenous and
located close to the center of the species range, it can
be suggested that their genetic variability, comparable
to that in eastern groups, probably indicates that, in
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Fig. 3. Dendrogram of Nei genetic distances [40] (UPGMA) between the populations of H. pomatia inferred from ISSR marker

data (explanations are in the text).

the case of anthropochory, the traditional model
implying the decrease in the allele pool in the periph-
eral groups of H. pomatia is disrupted. This phenome-
non may be the result of unintentional chaotic intro-
duction of snails (both single individuals and groups)
into new territories. It is not excluded that part of the
newly formed colonies quickly die out and do not
become the objects of observation. At the same time,
the surviving colonies after passing through natural
selection and the stage ofthe so-called genetic revolu-
tion [44] have formed a balanced genetic system simi-
lar to central populations.

It should be noted in this respect that the perfor-
mance the population genetic heterogeneity indices
obtained earlier using allozymes did not correlate with
those calculated on the basis of ISSR markers. In par-
ticular, the average values of the expected heterozy-
gosity and the Shannon index were lower than the
genetic diversity indices revealed by allozyme markers
[25]. This fact points to the differences in genetic pro-
cesses that take place at neutral and selectively import-
ant loci.

The observed high level of genetic differentiation in
both western and eastern populations, probably, indi-
cates that the previously expressed rule that intrapop-
ulation diversity in the center of the range converts
into interpopulation diversity at the periphery of the
range [45], in the case of adventitious groups of
H. pomatia, is disrupted.

On the basis of sample clustering results and a
regression analysis between the pairwise genetic and
geographic distances, it can be suggested that the dis-
tribution of adventitious populations of H. pomatia in
the study area is not random and corresponds to the
model of isolation by distance, which is characteristic
of the selectively neutral genes. In addition, this fact
suggests the reduced role of stabilizing selection in the
examined Roman snail groups [40]. It seems likely that
the dispersal of this species, both natural and anthro-
pochorous, occurs from the neighboring regions, and
the oldest populations can serve as so-called dispersal
bridgeheads. For example, given the fact that the col-
ony from Kharkiv (site 8) has been known since the

Table 6. Effective size values calculated from the linear
function coefficients between pairwise gene flow estimates
(Nm), and geographic distances between the samples

) Allozymes DNA
Species
N 95%, A Ne 95%, A
H. pomatia 9.8 3.9-25.1 3.1 2.0—4.9
B.fruticum 41 22-1.6 17 1225
Ch. tridens 3.8 2.6-5.7 12 0.8-1.8
H. striata 51 2.6-10.0 19 1327

The data for Br. fruticum, Ch. tridens, and H. striata, as well as for
allozymes of H. pomatia, are taken from our previous studies [25,
37,41-43].
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Fig. 4. Debets polygons constructed on the basis oftotal frequencies of q allele at 57 DNA loci in the populations of H. pomatia.

beginning ofthe 20th century [5], it can be regarded as
the maternal group that gave rise to the rest of the col-

onies from the south ofthe Central Russian Upland,1
which are the members of one relative cluster no. 1

(Fig. 3).

A comparison of the effective population size esti-
mates of H. pomatia with similar data for Br.fruticum,
Ch. tridens, and H. striata shows a clear increase in the
values of this index in the group of Roman snail rela-
tive to other species (Table 6). At the same time, the
computed confidence intervals show statistically sig-
nificant differences only between populations of
H. pomatia and Ch. tridens at the DNA markers. This
result may also indirectly indicate that the effective
sizes ofadventitious Roman snail groups are compara-
ble to those in indigenous species, both common and
relic.

Thus, the data of the present study on the genetic
structure of H. pomatia obtained on the basis of the
ISSR point to the stable state of its gene pool in the
more continental climate of Eastern Europe. These
findings suggest further expansion of this species in
different landscapes, which will be supported by the
well-known features of the biology and ecology of
these snails, including genetic polymorphism, unpre-
tentiousness to nutrition, reproductive potential,

10n this territory, since the beginning of 20th century, there has
been one more colony living in the outskirts of the city of Valuiki
[4], which is the only one of the studied populations that natu-
ralized in the wild. At present, this population is, probably, in
the state of depression, because we found many empty shells and
only three living individuals ofthis species.

Fig. 5. Dependence ofthe level of gene flow Nm between
pairs ofpopulations ofH. pomatia on the geographical dis-
tance between them D (km) (inferred from ISSR marker
data).

resistance to pollutants ofthe urban environment, and
effective compensatory genome reactions [37].
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