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% Using the polymorphic esterases loci, the genetic structure of the gastropod mollusk Fruticicola (Bradybaena) fruticum
Miill., most of which lives in the south of the Central Russian Upland, was studied. For comparison, the samples were taken
from the Romania, the North Caucasus, the Ural and the Vyatka regions. A total of the 1668 individuals were investigated.
Of the 28 studied populations in 11 (39.3%), there was significant shortage of the heterozygotes. The level of the expected
heterozygosity fluctuated in the range A, = 0.116—0.454. Using the non-parametric statistics (Chaol-bc method and 1* or-
der jackknife method), the populations with potentially high and low diversity of the multilocus genotypes were identified.
The indicators of the genetic disunity between populations averaged @, = 0.276, F,, = 0.292. The principal component ana-
lysis and the Mantel correlation criterion R, = —0.007 showed the absence of a reliable relationship between the geographi-
cal and genetic distance between populations, which indicates a violation of the isolation model by distance and confirms the
thesis put forward by us that the urbanized forest-steppe landscape disrupts the natural migration processes, leads to the
strong isolation and the genetic drift in the snail populations. At the same time, the phenomenon of increasing the degree of
division of the populations against the background of reduced the allelic diversity, noted by us in many groups of bush snails,
can be regarded as a shift in genetic equilibrium towards an increase in the interpopupulation diversity (according to the
Wright model). The revealed absence of the effect of isolation by distance can be a consequence of the action of the stabilizing
natural selection. The assumption of the dependence of the esterase alleles Irequencies in the bush snail populations on the
genetic (biochemical) characteristics of the food objects was proposed. The effective size, calculated using the Slatkin formula
turned out to be comparable with the background, adventive and relict species of the terrestrial mollusks living in the study
area (N, = 2.2—7.6).
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OLEHKA FEHETWYECKOW CTPYKTYPbI NONYNAUWIA KYCTAPHUKOBON YJUTKM

(FRUTICICOLA FRUTICUM) HA OCHOBE JIOKYCOB HECMELWU®WUYECKUX ICTEPA3
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& C 1uCrosb30BaHUEM JIOKYCOB HecrelnpHuecKUX s¢Tepas Oblia HCC/e/IoBaHa MOy SHOHHAS CTPYKTYPa HA3€MHOTO MOJIITIOCKA
Fruticicola (Bradybaena) fruticum Miill. B ycsioBusix Cpe/iHepycCcKoi BO3BBILLIEHHOCTH W APYrHX JaHmagros BocrouHoit EBporibl.
M3 28 uccaenoBannpix nonysiuuit 8 11 (39,3 %) naGmonascs 10CTOBepHbIA 1eDULUMT FeTePO3UrOT. YPOBEHDb 0XKUIACMOI re-
TepO3UroTHOCTH KoJiebascs B quanasone /1, = 0,116—0,454. Mcnosnb3yst Henapamerpuueckyio cratuctuky (meton Chaol-be
U MEeTOJ| «CKJAHOTO HOXKa») ObIN BbISIBJECHBI MOMYJALMH, 00/aatolie MOTEHIMAIbHO BBICOKMM H HM3KHM pPasHoo6pasu-
€M MyJIbTHJIOKYCHBIX reHOTHIOB. [lokasaresin reHeTHyeckoil pasoOLIEHHOCTH Monyqsuui coctaBuaun B cpeadem @, = 0,276,
F,=0,292, npu OTCYTCTBHH JIOCTOBEPHOH CBSA3M Treorpauueckoro M TreHeTHYECKOr0 PACCTOSHUI MEXKIy MOMyJsUsIMU
(R, = —0,007). DddexTrBHAS UHCHEHHOCTb, paCCUHTAHHAs C TTOMOLBIO (hopmyJibl CilaTKHHA, 0Ka3anach COMOCTaBUMOH ¢ (o-
HOBBIMH, a/IBEHTUBHBIMH W PEJIMKTOBBIMH BUIAMH HA3eMHBIX MOJITIOCKOB (N, = 2,2—7,6), 00UTaIOLUMK B pailoHe HCCJIeI0BaHMUS.
BbiiBuraercs npejrnosoxKenie o 3aBUCHMOCTH YaCTOT ajllesieil 5¢Tepas B MonyJsiusX KyCTapHUKOBOM YJIUTKH OT GHOXMMHUYECKHX
0COOEHHOCTEH KOPMOBBIX 0OBEKTOB.

% KutoueBble cioBa: Ha3eMHBIH MOJIIIOCK; 3CTepPasbl; MOMYJSILMOHHAS CTPYKTYPA; MYJIBTHIOKYCHbIE P€HOTHIIbI; 9(deKTHBHAS
YHC/JICHHOCTD.
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INTRODUCTION

Despite the development of DNA technologies in
population genetics, the genetic structure of various
species populations is still assessed using isoenzyme
markers. The reason for this is that unlike DNA loci (for
example, ISSR or SSR), the coding part of the genome,
which is influenced by natural selection factors, is sub-
jected to analysis.

Esterase-active enzymes responsible for cleavage of
esters in the cell have gained significant popularity in
population genetics. Unlike other enzymes, they are rep-
resented by a large number of polymorphic loci that do not
require expensive reagents for detection following electro-
phoresis, thereby allowing for analysis of representative
samples from populations.

This work aimed to assess the genetic structure of the
terrestrial mollusk model Fruticicola (Bradybaena) fruti-
cum Mill. (bush snail) in the eastern part of their con-
temporary habitat using non-specific esterase loci.

Our previous publications present studies on the struc-
ture of population gene pools and estimate an effective
number of bush snails using polymorphic signs pertain-
ing to shell, allozymes, and DNA markers [ —4]. Further,
these studies were continued.

MATERIALS AND METHODS

The materials for this study included tissue samples
of Fr. fruticum individuals stored in a cryobank created
at the Laboratory of Population Genetics and Genotoxi-
cology, Belgorod State University, Russia. Population
samples were collected during expeditions conducted from
2004 to 2017. The bulk of samples from the Central Rus-
sian Upland were collected from 2007 to 2012. A total of
1,668 Fr. fruticum individuals from 28 populations were
examined (see Table 1 and Fig. 1).

To collect mollusks from a 2m x 2 m site, mowing
was performed using an entomological net. Concurrently,
different-aged individuals sitting on grass stems were

Table 1
Description of mollusk collection sites
Site No. Site Biot.op.e Coordinates
name description

1 Stoylo Oskolets floodplain, Stoylo village. Osiery, undergrowth 51°17°24.75” N,
with burdock and nettles. Territory of the Stoilensky 37°44°05.57” E
mining and processing enterprise.

2 Yamskaya step’ Yamskaya Step’ Reserve. Mixed forest, overgrowth of 51°11°04.66” N,
nettles. Territory of influence for Stoilensky and Le- 37°39’31.97” E
bedinsky mining and processing enterprises.

3 Dybenka Dubenki floodplain (Belgorod region). Floodplain oak 51°03'26.75”" N,
grove, undergrowth of nettles, burdock, and hops. Ter- 37°50°00.50" E
ritory of influence for Stoilensky and Lebedinsky mining
and processing enterprises.

4 Olshanka Olshanki floodplain. Osiery, undergrowth of nettles, 50°59’'11.69” N,
hops, and hogweed. Territory of influence for Stoilensky 37°46°33.69” E
and Lebedinsky mining and processing enterprises.

5 Krasnyi Ostrov Halan floodplain near the village of Krasnyi Ostrov. 50°56’34.06” N,
Osiery. Burdock, nettle, and hops. 37°46’51.71" E

6 Dmitriyevka Korochi floodplain near the village of Dmitriyevka. 50°30°12.47" N,
Floodplain forest of willow and maple, overgrowth of 36°59'39.62” E
nettles. Surroundings of the “Long-living oak” nature
monument.

7 Lisya Gora “Lisya Gora” natural monument near the village of 50°13'24.38” N,
Yablonovo. Oskol floodplain. Edge of an oak forest. 38°00'34.61" E
Burdock, nettle, and hops.

8 Borki “Borki” natural monument. Kozinki floodplain, 50°08716.39" N,
willow forest, overgrowth of burdock, nettle, 37°53°02.28" E
and hops.

9 Stenki [zgorya Stenki [zgorya reserve area. Wetland biotope, alder 50°41°23.25”" N,
overgrowth, undergrowth with burdock and nettle. 37°49'12.22"E
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Table I (continued)

Site No. Site Biot'op‘e Coordinates
name description

10 Rovenki Rovenki natural park. Aidar floodplain, Rovenki village 49°54’33.31" N,
surroundings. Moderately moistened outdoor area. 38°52’55.29”E
Overgrowth of burdock and hogweed mixed with nettle.

11 Borisovka Vorskla floodplain, territory of the Borisovka village, 50°36’35.86"" N,
beneath the motorway bridge. 36°00°25.06” E

12 Hotmyzhsk Vorskla floodplain near the village of Hotmyzhsk. Bur- 50°35°05.99” N,
dock overgrowth with nettles. 35°52'24.83” E

13 Yakovlevo Vorskla floodplain in the Yakovlevo village territory. Wil- 50°52°05.12" N,
low forest, nettle, and hops. 36°26'49.92” E

14 Syrtsevo Pena floodplain in the Syrtsevo village surroundings 50°53'48.79" N,
(Ivnyansky District). Osiery and maple. 36°15'32.43" E

15 Yasnyy Kolodets “Yasnyy Kolodets” natural monument, Korochi flood- 50°49'34.23" N,
plain, in the Korocha town surroundings. Edge of sticky 37°12'34.24” E
alder forest.

16 Koren Koren floodplain, in the Alekseevka village surroun- 50°45’19.01" N,
dings (Korochansky District). Osiery. 37°01'30.91" E

17 Seversky Donets Seversky Donets floodplain in the Belgorod surroun- 50°36’38.40" N,
dings. Osiery and maple. 36°37'19.19" E

18 Nezhegol Nezhegol floodplain, territory of the town Shebekino. 50°24°32.93" N,
Willow forest. 36°52'38.38” E

19 Kupyanska Oskol floodplain near the city of Kupyansk 49°42'37.60"" N,
(Kharkov region, Ukraine). Floodplain and willow forest. 37°37°26.18" E

20 Divnogorye “Divnogorye” natural monument (Voronezh region). 50°57°48.99” N,
Foot of rocky outlets of chalk layers. Tikhaya Sosna flood- 39°17°40.3” E
plain. Burdock, nettle, and hops.

21 Galichya Gora Galichya Gora reserve site (Lipetsk region). Don 52°36°07.54"" N,
floodplain. Overgrowth of nettle, hogweed, burdock, 38°55'03.95” E
and hops.

22 Vorgol Vorgolskoye reserve site (Lipetsk region). 52°34°25.3" N,
Rocky outlets of Devonian limestone; in the Vorgol 38°21'05.3" E
River floodplain.

23 Pluschan Pluschan reserve site (Lipetsk region). Natural forest 52°50°00.1" N
landmark on the right bank of the Don River. Upland birch 38°59'26.66" E
and oak forest. Overgrowth of nettle and burdock.

24 Kirov Vyatka floodplain. Territory of the city park of Kirov. 58°34’57.11" N,
Overgrowth of nettle and meadowsweet. 49°41'50.75" E

25 Olenyi ruchyi Olenyi Ruchyi Natural Park (Sverdlovsk Region, Nizhne- 56°31°01.00” N,
serginsky District); pine and fir forest with birch and larch, 59°14’49.00” E
meadow with overgrowth of meadowsweet and raspberry.

26 Avrig Valley of the Olt River, foothills of the Transylvanian 45°43'36.87" N,
Alps near Avrig village (Romania). Floodplain is willow 24°20°30.12” E
and maple forest, rocky soil, with high moisture con-
tent, overgrowth of nettle, burdock, and hops.

27 Kudymkar North Perm Region. Komi-Permyak autonomous area. 59°00'59.7” N,
Kudymbkar city, wasteland on the Gagarin street. Valley 54°39'58.0" E
of the Yinwa River. Elderberry and nettle overgrowth.

28 Kislovodsk North Caucasus, Kislovodsk surroundings. Kislovodsk 43°53'37.1" N,
National Park. Floodplain of the Olkhovka River. Over- 42°43'15.6” E

growth of burdock and nettle.
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Fig. 1. Collection points of the Fr. fruticum
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Fig. 2. Graphic image of the studied loci and allele esterases
combinations of the Fr. fruticum

caught in the net. Then, in the same area, mollusks that
had dropped during mowing were manually collected from
soil, in addition to those that were located near grass-
roots during collection. Because of a low density of mol-
lusks, the size of the plot was increased twice. For each
biocenosis studied, three or four samples were created.
Sample coordinates were noted using the Garmin 76
GPS navigator.

Since it does not contain mucus (which impedes
analysis), water-soluble proteins were extracted from
mollusks’ leg retractor by freezing at —80 °C, followed
by thawing and mechanical grinding with a Teflon ho-
mogenizer in a 0.05 M TrisH buffer (pH 6.7). Electro-
phoresis of isoenzymes was performed in a 10% poly-
acrylamide gel in a VE-3 chamber (Helicon). For this
process, a TrisHCI gel buffer (concentration gel pH 6.7,
separating gel pH 8.9), and a tris-glycine electrode buf-
fer (pH 8.3) was used. The blocks were stained in a sub-
strate mixture of TrisHCI (pH 7.4), a-naphthyl acetate,
and fast red TR.

Four loci of non-specific monomeric esterases were
used for analysis, namely, EST2 (with three alleles), EST3
(with three alleles), EST4 (with four alleles), and ESTS
(with five alleles) (Fig. 2) [5, 6].

The data obtained were processed using the GenAlEx
v.6.5 software package [7].
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RESULTS

The allele frequencies of esterase-active enzymes in
populations are presented in Table 2, whereas Table 3
presents averaged indicators of genetic heterogeneity.

Since we assessed the condition of population gene
pools among Fr. fruticum, a limited number of samples
were used containing only a small part of the population
allele pool. In each group, the total number of multilocus
genotypes (N, ) and the number of unique multilocus
genotypes (N, . ) were estimated, i. e., combinations were
noted in one single population. In the future, based on the
frequency distribution of multilocus genotypes, potential
genetic diversity can be calculated for each population via

an increase in sample size to infinity (N ). The analy-
sis was performed using two nonparametric methods, the
Chaol-bc (bias-corrected form for the Chaol) method [8]
and the first-order jackknife method [9]. All calculations
were performed using the SPAdes software [10]. Table 4
presents the subsequent results.

The degree of differentiation in populations under study
within the territory examined was estimated using gene
diversity characteristics proposed by Wright [11] and by
analyzing molecular variance (AMOVA) [12]. The results
are presented in Tables 5 and 6, respectively.

To clarify the degree of difference between individual
populations, we calculated the values of pairwise indicators

Table 2
Allele frequencies of esterase loci in Fr. fruticum populations
Locus EST2 | EST3 EST4 EST5
Population No. Allele

1 2 3 l 2 3 1 2 3 4 5 1 2 3 4 5
1 0.053 | 0.932 | 0.015 | 0.015 | 0.894 | 0.091 | 0.0530.939| 0 |0.008| 0 0 [0.008]0.985(0.008| 0
2 0.303 | 0.685 | 0.012 | 0.063 | 0.87 | 0.067 | 0.051 | 0.74 | 0.209| 0 0 0 0 ]0.992]0.008| 0
3 0.199 {0801 | 0 |0.044|0.953]0.003|0.193]0.807| 0 0 0 0 ]0.019]0.946]0.035| 0
4 0.081 | 0.887 | 0.032 | 0.161 | 0.806 | 0.032 | 0.194 | 0.742 | 0.048 | 0.016 | 0 0 ]0.032]0968| 0 0
5 0.009 | 0.982 | 0.009 | 0.161 | 0.759 | 0.08 | 0.232 | 0.625| 0.107 | 0.036 | 0 0 0 ]0.982]0018| 0
6 0.144 | 0.85 | 0.006 | 0.369 | 0.613 | 0.019 | 0.294 | 0.613 | 0.094 | 0 0 ]0.056]0.025| 09 |0.013|0.006
7 0.34210.658 | 0 |0.008|0.792| 0.2 |0.008|0.908|0.075|0.008| 0 0 0 [0992]0.008| 0
8 0.319 | 0.534 | 0.147 | 0.009 | 0.802 | 0.19 | 0.103]0.897 | 0 0 0 0 0 1 0 0
9 0.266 | 0.628 | 0.106 | 0.043 | 0.957 | 0 |0.314]0.681| 0 |0.005| 0 0 |0.011]0989| 0 0
10 0 ]0.797]0.203|0.189|0811| 0 [0.365|0.635| 0O 0 0 0 0 1 0 0
11 0.073 | 0.903 | 0.024 | 0.048 | 0.935 | 0.016 | 0.081 | 0.911 | 0.008 | 0 0 0 0 1 0 0
12 0.25 | 0.675 [ 0.075 | 0.525 | 0.25 | 0.225 | 0.825 | 0.075 | 0.1 0 0 0 0 1 0 0
13 0.316 | 0.566 | 0.118 | 0.105 | 0.882 | 0.013 | 0.066 | 0.921 | 0.013| 0 0 0 0 1 0 0
14 0.103{0.795 | 0.103| 0 1 0 0256|0718 0 |0.026| 0 0 0 1 0 0
15 0.444 | 0.19 {0365 0 [0.071]0929| 0 [0.762]0.238| 0 0 0 0 1 0 0
16 0.395 | 0.272 | 0.333 | 0.079 | 0.895 | 0.026 | 0.211 | 0.746 | 0 |0.044| 0 0 0 1 0 0
17 0.13110.821 | 0.048 | 0.024 | 0.524 | 0.452 | 0.143 | 0.702 | 0.143 [ 0.012| 0 |0214| 0 |0.762]0.024| 0
18 0.403 {0597 | 0 [0236]0764| 0 [0.375]/0597| 0 |0.028| 0 0 0 1 0 0
19 0.19410.793]0.013]| 025 | 0.75 | 0 |0.017|0.953|0.017 |0.013| O 0 |0.013]0.961]0.02 | 0
20 0.18910.703 | 0.108 | 0.135| 0.838 | 0.027 | 0.514 | 0.257 | 0.122 | 0.081 | 0.027 | 0.014 | 0.041 [ 0.946 | O 0
21 0 1 0 04 | 0.6 0 [0213]0.763(0.025| 0O 0 0 10.025]0975| 0 0
22 0 1 0 |005]09 | 0 03 | 07 0 0 0 [0475| 0 |0525| O 0
23 0.15 10.725 1 0.125 ] 0.125 | 0.85 | 0.025 | 0.35 | 0.65 0 0 0 0 0.2 0.8 0 0
24 0.027 1 0.689 | 0.284 | 0.378 [ 0.622 | 0 0 1 0 0 0 ]0.054|0.014(0811]0.122| 0
25 0.403 | 0.21 | 0.386|0.205(0.795| 0 |0.182(0.818| 0 0 0 0.04 | 0.96 0 0 0
26 0.145] 0.66 | 0.195|0.285 | 0.71 | 0.005| 0.99 {0.005| 0 ]0.005| 0 0.02 | 0.005 | 0.885 | 0.09 0
27 0.019 10915 0.066 | 0.226 | 0.774 | 0 0.16 | 0.84 0 0 0 0 10.00910972(0.019| 0
28 0.106 | 0.864 | 0.03 | 0.455 [ 0.515| 0.03 | 0.409 | 0.5 |0.091 0 0 0 10.621(0379] 0 0
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Table 3
Genetic diversity indicators in Fr. fruticum populations, obtained from the analysis of esterase loci
Popu-
lation N P, % A A, I H, H, F

No.

1 66 100 3.00 1.137 0.252 0.064 0.116 0.362*
2 127 100 2.75 1.447 0.474 0.244 0.274 0.081
3 158 100 2.50 1.284 0.359 0.174 0.206 0.132*
4 31 100 3.00 1.374 0.473 0.185 0.250 0.183
5 56 100 3.00 1.476 0.472 0.259 0.251 —0.028
6 80 100 3.50 1.664 0.627 0.441 0.365 —0.151%
7 60 100 2.75 1.384 0.400 0.238 0.242 0.026
8 58 75 2.25 1.537 0.462 0.233 0.274 0.114
9 94 100 2.50 1.498 0.443 0.269 0.266 0.041
10 37 75 1.75 1.446 0.411 0.203 0.273 0.222%
11 62 75 2.50 1.138 0.244 0.121 0.116 —0.032
12 20 75 2.50 1.729 0.602 0.288 0.348 0.196
13 38 75 2.50 1.436 0.414 0.145 0.231 0.301%
14 39 50 2.00 1.313 0.333 0.090 0.191 0.533*
15 63 75 2.00 1.612 0.463 0.163 0.282 0.425*
16 57 75 2.50 1.708 0.542 0.281 0.312 0.054
17 42 100 3.25 1.748 0.711 0.262 0.416 0.401*
18 36 75 2.00 1.625 0.499 0.278 0.336 0.132
19 116 100 3.00 1.321 0.388 0.205 0.219 0.036
20 37 100 3.50 1.798 0.702 0.250 0.372 0.277*
21 40 75 2.00 1.392 0.355 0.331 0.225 —0.322*
22 20 75 1.75 1.456 0.375 0.313 0.253 —0.145
23 20 100 2.50 1.608 0.604 0.450 0.368 —-0.213
24 37 75 2.50 1.542 0.504 0.284 0.310 0.082
25 88 100 2.25 1.699 0.552 0.278 0.336 0.126
26 100 100 3.25 1.503 0.498 0.175 0.287 0.266*
27 53 100 2.50 1.288 0.364 0.146 0.208 0.249%
28 33 100 2.75 1.918 0.718 0.394 0.454 0.108

M+m 884 + 27| 258+ 0.38 | 1.503 +£0.220 | 0.473 +£ 0.018 | 0.242 + 0.094 | 0.278 +£ 0.097 | 0.123 £+ 0.037

Note. N is the number of individuals in the sample; P is the percentage of polymorphic loci; A is the average number of alleles; A, is
effective number of alleles; / is Shannon index; H, is observed heterozygosity; H, is expected heterozygosity; and F is fixation index
(inbreeding coefficient). *Cases of significant differences between the expected and observed heterozygosity (p < 0.05) are explained

in the text.

for genetic distance (according to Ney) between the stud-
ied bush snail groups (see Table 7). The genetic relation-
ships of populations were further investigated using prin-
cipal component analysis (PCA) (Fig. 3). Accordingly, the
first principal component (PC1) reflected 34.06% of the
registered variability of populations and the second (PC2)
reflected 29.1% of the total variance.

In the final stage, we evaluated the effective popula-
tion size of Fr. fruticum using a model based on a linear

function coefficient between pairwise estimates of gene
flow (N,) and geographical distance between populations
(D,): logN,, = a + b - logD,. The effective population size
(for all studied populations as a whole) was calculated as
N, = 10°, where a is the coefficient obtained in the equa-
tion [13]. The equation used is presented in Fig. 4, and
the results are shown in Table 8. For comparison, similar
data are given here for other terrestrial mollusk species,
studied by us at an earlier stage.

® gK0/102UHeCKAA ceHemMUKA TOM 17

Ne4 2019

ISSN 1811-0932



GENETIC BASIS OF ECOSYSTEMS EVOLUTION 21

Table 4
Number of marked multilocus genotypes and estimates of potential genetic diversity obtained by different methods
for the studied Fr. fruticum populations

Method
Population No. Ny Nyion Chaol-bc First-order jackknife
N ESE 95 % ClI N ESE 95 % CI
| 12 | 15.0£3.4 12.5—29.7 179+34 14.1-29.0
2 14 3 16.0£2.9 14.2—29.9 18.0+2.38 15.1-27.9
3 10 1 11.0+2.3 11.1-23.9 12.0£2.0 10.4—20.2
4 11 2 245+ 12.8 13.8—76.0 18.7+3.9 14.0—-30.7
5 12 3 15.3+4.1 12.5—-33.7 16.9+3.1 13.6—27.4
6 25 3 37.8+9.2 28.7—-70.1 38.8+5.2 31.7-53.4
7 11 3 15.9%6.0 11.8—42.6 159+3.1 12.6—26.4
8 7 0 7.0+0.5 7.0-7.0 8.0+14 7.1—-14.7
9 17 3 447+21.1 24.4—121.4 24.9+4.0 20.1-30.0
10 6 1 6.0+0.2 6.0—6.0 70+1.4 6.1—13.7
11 13 0 22.2+8.7 14.9-57.3 20.9+4.0 16.1—32.9
12 14 7 35.9% 16.6 20.3—97.6 26.4+4.7 20.2—39.8
13 12 0 14.4£3.1 12.4—-28.6 16.9+3.1 13.6—27.3
14 10 0 10.5£2.5 9.1-23.7 11.9+2.4 9.7-20.9
15 23 2 30.7£6.2 24.9—-54.0 33.8%t4.6 27.8—47.2
16 22 2 23.1+2.5 21.3—34.2 26.9+3.4 23.1-37.9
17 26 13 67.7+27.5 38.9—-161.3 44.5%6.1 35.9—60.6
18 18 2 23.0£4.5 19.1-40.9 26.8+4.2 21.6—39.2
19 21 1 26.9£5.3 22.3—47.9 29.9+4.2 24.7—42.5
20 20 5 32.8+10.0 23.3—69.3 31.7+4.8 25.4—45.3
21 7 1 12.9£6.9 7.9-43.5 10.9+2.38 8.1—20.7
22 5 0 5.0+0.2 5.0—5.0 6.0+ 1.4 5.1-12.5
23 13 4 24.4+10.3 15.5—64.7 21.6+4.1 16.5—33.8
24 17 5 21.1+4.2 17.8—38.8 23.8+3.7 19.5—35.3
25 32 14 51.2+12.5 38.0—93.6 48.8+5.8 40.7—-64.4
26 31 14 68.9 £ 25.4 42.5—156.0 48.8+6.0 40.4—64.7
27 14 1 27.7+13.0 16.9—-79.9 21.8+3.9 17.1-33.9
28 23 10 49.4+17.7 31.0—109.9 39.5+5.7 31.56—54.8
Note: N, is sample size to infinity; N, total number of multilocus genotypes; and N, . |, the number of unique multilocus
genotypes.
Table 5
Values of locus values of inbreeding coefficients and the level of gene flow in Fr. fruticum populations under
study
Locus Fi F, Fy, N,
EST2 0.281 0.409 0.177 1.159
EST3 0.015 0.261 0.250 0.752
EST4 0.176 0.383 0.251 0.747
EST5 —0.183 0.395 0.489 0.261
M+m 0.072 + 0.101 0.362 + 0.034 0.292 + 0.068 0.730 + 0.184

Note: F, is an inbreeding coefficient of an individual relative to the subpopulation; F7;,, an inbreeding coefficient of an individual relative
to a large population; £, an inbreeding coefficient of a subpopulation relative to a large population; and N,,, an average indicator of the
intensity of gene exchange between populations.
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Table 6
Values of the analysis of molecular variance (AMOVA) by esterases in Fr. fruticum populations
Source of variability df SS MS |4 % D, P N,
Interpopulation 27 668.73 24.768 0.205 28 0.276 0.001 0.654
Intrapopulation 3308 1773.98 1.074 0.537 72
Total 3335 2442.71 0.742 100
+ 15
17 216 ,
B 21 18 ¥ I \LS
B s \J 27 |g ~13
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10 23
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Fig. 3. The result of the PCA analysis

IgN.,
o
(93}

y =-0.064x + 0.6091

Fig. 4. Linear regression of the logarithm of the N,, gene flow between pairs of Fr. fruticum populations on the logarithm of the geo-

graphical distance between them D,

DISCUSSION

The data obtained (see Table 3) indicates a significant
deficiency of heterozygotes' in 11 studied populations

' The significance of heterozygous deficiency was estimated
by the formula > = F?N(k — 1), df = k — 1, where F is the in-
breeding coefficient, N is the sample size, and % is the number

of alleles [17].

(39.3%), and their significant excess was noted in two
cases (no. 6, 21) (p <0.05). There were no significant
differences in the remaining variants between observed
and expected heterozygosity. This was also evidenced by
data presented in Fig. 4, which indicated a trend toward a
deficit of heterozygotes, whereas the regression coefficient
resulted as 0.631 + 0.111 (p <0.001).
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Table 8
Values of effective size calculated based on linear func-
tion coefficients between pairwise estimates of gene
flow (N,) and geographical distance between popula-
tions of various species of terrestrial mollusks

Species N, 95%, CI
Helix pomatia 9.8 3.9-25.1
Helicopsis striata 7.9 2.4-25.1
Chondrula tridens 3.8 2.6—5.7
Cepaea vindobonensis 1.1 0.14-8.5
Fruticicola fruticum 4.1 2.2-7.6

Note: Data on C. vindobonensis, Ch. tridens, H. striata, and
H. pomatia were taken from our previous publications [ 14— 16].

The data presented in Table 3 show that the greatest
genetic diversity occurred in populations 6, 12, 17, 20,
23, and 28. Moreover, the largest effective number of al-
leles per locus (A,) was noted in group 28 (Kislovodsk);
the largest Shannon index (/) was also observed here. The
highest level of observed heterozygosity (H,) was recorded
in population 23 (Plyushchan). In groups 20 (Divnogo-
rye) and 6 (Dmitriyevka), alleles EST4-5 and EST5-5
were revealed, respectively, which is very rare for the
species (Table 2). Populations | (Stoylo, inhabits the in-
dustrial zone territory) and 14 (Syrtsevo) were the most
monomorphic. In population 14, the highest inbreeding
coefficient (F) value was observed.

The results pertaining to level of variability between
populations are only partially consistent with data on mul-
tilocus genotypes (Table 4). Among populations of the
Central Russian Upland, the largest number of multilocus
genotypes was observed for groups 17 (Seversky Donets)
and 6 (Dmitrievka). The largest number of unique com-
binations was also noted for 17, where calculations also
revealed the highest values of potential genetic diversity.
Outside the Central Russian Upland, the most genetically
diverse populations were groups 25 (Olenyi ruchyi) and
26 (Avrig) living in mountainous areas. The smallest num-
ber of multilocus genotypes, both real and potential, was
observed for groups 8, 10, and 22.

Assessment of the degree of differentiation among
populations by allozyme loci was performed using F-sta-
tistics devised by Wright and, on average, showed a rather
large disunity among the studied snail groups by esterase
loci (Table 5). We observed a similar result when compar-
ing data obtained via AMOVA (Table 6). In both cases, the
average indicator of the gene exchange intensity between
populations (N,) was less than unity, which according to
the theory of evolution with shifting equilibrium indicates
a violation of gene exchange between populations [18].
This was also indicated by the relatively high values of the
F inbreeding coefficient. In this case, the largest contri-

bution to interpopulation diversity estimated by inbreeding
coefficient F, (Table 5) was for the EST5 locus. The level
of gene flow between groups (N,,) resulted in higher than
unity at the EST2 locus only, whereas the highest F, value
was noted at this locus. It is worth noting that this locus
has long been used as a marker for studying the popula-
tion structure of bush snails in various Eastern European
landscapes [1, 5, 19].

According to PCA, it was not possible to identify any
isolated aggregate groups of bush snails (Fig. 3). The
populations were distributed quite randomly, whereas geo-
graphically distant populations living in different natural
zones were found to be genetically similar (for example, 9,
14, and 27 or 10 and 21). Conversely, populations living
close to each other in similar biotopes were found to be
genetically different (for example, 1—5). Populations 12,
15, 25, 26, and 28 distanced themselves significantly from
the remaining groups.

The PCA data were confirmed by a graph illustrat-
ing dependence of gene flow (N,,) level between popu-
lations, based on the geographical distances between
them (D,) (Fig. 4). The graph demonstrates the absence
of a reliable relationship between these parameters (Man-
tel correlation coefficient R, = —0.007, p = 0.422, 9999
permutations).

The above information indicates a violation of the mi-
gration channels between the studied groups of Fr. fru-
ticum and their prolonged isolation from each other.
Moreover, their population gene pools may potentially
be formed under the influence of Genetic drift processes.
At the same time, an increase in the degree of subdivision
of populations against a decrease in allelic diversity, as
observed by us in many groups of bush snails, can be re-
garded as a shift in genetic equilibrium toward an increase
in interpopulation diversity (based on Wright’s model).
It is also known that if there is no effect of isolation by
distance (as observed in our study), it is likely that the
loci will be exposed to stabilizing selection [13]. In this
regard, in our opinion, it is significant that the main feed
plant for the species under study is stinging nettle (Urtica
dioica L.), regardless of landscape, and that the frequency
distribution aspects of esterase alleles in snail populations
may therefore be associated with genetic (and as a re-
sult, biochemical) peculiarity among the populations of
this plant. We believe that to clarify the situation in the
future, it will be extremely useful to study the population
structure of this feed object. Also, in some situations (for
example, under conditions of high snail density or the ab-
sence of nettles), some individuals shift to other plants
(burdock, hops, and meadowsweet), which can also affect
the frequency ratio of esterase alleles that will be formed
under natural selection.

Regarding analysis of effective snail size, this can be
stated as in the range that coincides with other species
of terrestrial mollusks living in conditions of the Central
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Russian Upland. According to average values, the effective
size occupies an intermediate position between specially
protected relict species (Helicopsis striata and Cepaea
vindobonensis) on the one hand and background (Chon-
drula tridens) and adventive species (Helix pomatia) on
the other.

CONCLUSION

On the basis of the above results, we can state a con-
tinuing trend of reduction in allelic diversity and a change
in the ratio of genotype frequencies in populations of bush
snails in the study area, which partly reflects changes in
the structure of the entire forest steppe and steppe land-
scapes of the Central Russian Upland as a result of an-
thropogenic pressure. Concurrently, the absence of clear
dependence of the frequencies of alleles of esterase-active
enzymes in populations of bush snails within a geographi-
cal location may indicate that the formation of population
gene pools by esterase-active loci is less dependent on the
zonal characteristics of various landscapes and may, to a
greater extent, be determined by the action of microcli-
matic and microbiotopic factors.
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