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Amphibians are an important but vulnerable component of biodiversity. Climatic changes and anthropogenic
transformation of the environment can lead to changes in spawning times and habitat boundaries, causing ad-
verse genetic processes in populations. In the present study, we assess genetic variation and differentiation
among 184 individuals of four amphibian species (Rana arvalis, Rana amurensis, Rana temporaria, Bufo bufo)
from seven localities of the south of Western Siberia and the Urals, Russia. To investigate the genetic diversity
of these species, we used six primers for inter simple sequences repeat (ISSR) markers. Nei's gene diversity (/)
varied from 0.169 to 0.311 in the local populations of amphibians; the diversity was the smallest in the com-
mon toad B. bufo and the highest in the Siberian wood frog R. amurensis. Populations of B. bufo and the moor
frog R. arvalis were highly differentiated (mean multilocus G = 0.249 and 0.268, respectively). Nei's original
measures of genetic identity (/) and genetic distance (D) among the toad populations were comparable with
these indexes among the studied brown frog populations. These results indicate that B. bufo and R. arvalis have
a well-defined population structure with restricted gene flow between populations. We also identified a high level
of genetic diversity among eggs of R. arvalis not observed in adults. Our results provide genetic evidence that
all the studied species have high adaptive potential and genetic structure typical for amphibian populations. The
presented data are intended to fill the gap in studying the genetic structure of the amphibian populations of the
south of Western Siberia and the Urals. The data on different levels of genetic variability in amphibian popula-
tions from protected areas show their different value for conservation management. The presence of genetically
impoverished populations requires monitoring of genetic diversity of amphibians. These data will be useful for
conservation concerns, especially for developing appropriate management strategies.
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Introduction

The fauna of amphibians of the south of Sibe-
ria is not very rich. Nevertheless, in Siberia, there
are four amphibian species that are widespread in
Eurasia. The moor frog Rana arvalis (Nilsson 1842)
is the most numerous and ubiquitous species in the
studied area. The Siberian wood frog R. amuren-
sis (Boulenger 1886) and the common frog Rana
temporaria (Linnaeus 1758) are rarer species in
the studied region. The Siberian wood frog has its
western distribution border in Western Siberia; the
common frog has its eastern distribution border in
this region. The common toad Bufo bufo (Linnaeus
1758) is ubiquitous but not a numerous species.

Although the conservation status of these spe-
cies is not a concern, they are an important compo-
nent of biodiversity, and monitoring of their genetic
resources is needed to prevent decline and diver-
sity loss. Genetic diversity is expected to decrease
in peripheral populations due to genetic drift and

inbreeding (Edenhamn et al., 2000). Amphibian
species usually do not compete for food and ter-
ritory in the adult state, but there is a competition
for spawning ponds (Ruchin, 2013). Most clutches
of R. arvalis are not fertilised after joint spawning
with another species of brown — R. temporaria (Tr-
ubetskaya, 2014). Changes in the range and timing
of spawning due to climate warming pose a threat
to the genetic resources of amphibians.

A number of genetic markers have been devel-
oped to study the population structure and conser-
vation genetics of Rana and Bufo species. Most of
the works have been based on the analyses of mi-
crosatellites (Rowe et al., 1998; Beebee & Rowe,
2000; Simandle et al., 2006; Bessa-Silva et al.,
2015; Faucher et al., 2016; Trujillo et al., 2017),
amplified fragment length polymorphism (AFLP)
(Rogell et al., 2010; Chen et al., 2013), and mito-
chondrial genes sequence data (Shaffer et al., 2000;
Hase et al., 2012; Ozdemir et al., 2014).
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Different types of markers give different esti-
mates of diversity. They often show discordant results
(Fontenot et al., 2011). Most of them are species-spe-
cific or suitable for closely related forms and do not
make it possible to compare polymorphism in differ-
ent species. In this regard, universal markers may be
more useful in some cases (Rogell et al., 2010). ISSR
method identifies polymorphisms between microsat-
ellites sequences and has a high sensitivity for differ-
entiation (Zietjiewicz et al., 1994).

The purpose of the research is to study genetic
variability in populations of four amphibian species
inhabiting the south of Western Siberia and the Urals.

Material and Methods
Amphibians were collected in three localities
of Western Siberia during the period from July to
August in 2011, 2012, 2015, and in four localities
of the Southern and Middle Urals, Russia, from July
to August in 2016, 2017 (Fig.). The moor frog Rana

arvalis was collected in Uvatsky area of Tyumen re-
gion (n=27), near Tyumen (n = 26), Chervishevsky
Natural Monument (Chervishevsky area, Tyumen
region) (n = 19), and near Irbit, Sverdlovsk region
(n =24). The Siberian wood frog R. amurensis was
found only in Uvatsky area of Tyumen region (n =
33). The common frog R. temporaria was collected
near Irbit, Sverdlovsk region (n = 9). The common
toad Bufo bufo was collected by Lake Tavatui Nat-
ural Monument, Sverdlovsk region (n = 11), near
Sagra settlement, Sverdlovsk region (n = 20), near
Irbit, Sverdlovsk region (n = 1), and in Taganay Na-
tional Park, Chelyabinsk region (n = 14).

In total, 184 individuals of amphibians were
sampled (Table 1). In addition, 15 eggs from one
clutch of the moor frog were collected near Irbit in
May 2017. The species of brown frogs were iden-
tified by a manual (Kuzmin, 2012). The animals
were treated according to the regulations of Minis-
try of Health Order 755 of August 12, 1977.

- Scale 1:12 000 000}

Fig. Places of sample collections: 1 — Uvatsky area, Tyumen region, 2 — Tyumen, 3 — Chervishevsky Natural Monument
(Chervishevsky area, Tyumen region), 4 — Irbit, Sverdlovsk region, 5 — Lake Tavatui Natural Monument, Sverdlovsk region,
6 — Sagra settlement, Sverdlovsk region, 7 — Taganay National Park, Chelyabinsk region.
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Table 1. Locations and number of animals investigated

Sample size

Locations Co-ordinafes | Year Rana arvalis Rana amurensis | Rana temporaria | Bufo bufo

Uvatsky area 56200260'};’ 2012 27 33

Tyumen 567500(4)1(22’ 2015 26

Irbit 567300?)762’ 2016 24 9 1

A ST \

Sagra settlement 56700"0117?;3], 2017 20

Taganay National Park 5559001437',1;’ 2017 14
Total 96 33 9 46

Total genomic DNA was extracted from tis-
sues of skeletal muscle fixed in 70% ethanol us-
ing the technique of alkaline lysis (Bender et al.,
1983). We used the method ISSR-PCR (inter sim-
ple sequences repeats polymerase chain reaction)
to study genetic polymorphism of the four species
and to evaluate differentiation between population.
Six primers (AG),C (UBC-808), (AG),G (UBC-
809), (AG),T (UBC-807), (CA),G (UBC-818),
(AC),T (UBC-825) and (TC),C (UBC-823) were
used for ISSR-PCR (Zhigileva, Kirina, 2015). Am-
plification was carried out in 25 pl of reaction mix-
ture containing PCR buffer (0.01 M Tris-HCI, 0.05
MKCI, 0.1 % triton X-100), 4 mM MgCl,, 0.2 mM
of each dNTPs, 1 pl of total DNA solution, 2.5
mM of primer and 0.2 unit/uL. of Tag-polymerase
(«Fermentasy), in the following mode: 94°C — 7
min; then 94°C — 30 sec, 52(56)°C — 45 sec, 72°C
—2 min (40 cycles); 72°C — 7 min. PCR-fragments
were analyzed in 2% agarose gel electrophoresis
with Tris-EDTA-Borate buffer. The sizes of the
fragments were determined using 100 bp DNA
molecular weight markers («Fermentasy).

Population genetic characteristics — the per-
centage of polymorphic loci (P, ), observed (n )
and effective number of alleles (n,), Nei’s gene
diversity (%), Nei’s original measures of genetic
identity (/) and genetic distance (D) (Nei, 1972),
gene flow (Nm), F-statistics (G,) — were comput-
ed using POPGEN software (Yeh et al., 1999).

Results and Discussion
Using 6 primers, we studied 82 loci in toads
and 89 loci in brown frogs. The percentage of
polymorphic loci varied from 31% to 93% in dif-
ferent amphibian populations (Table 2). Genetic

diversity in the common frog R. temporaria, was
0.23. The average genetic diversity in the moor
frog R. arvalis had a similar value (0.21). A
lower level of genetic diversity was detected in
the northern population group of the moor frog,
which is consistent with the allozyme data (Zhigi-
leva et al., 2014). Low levels of variability were
detected in amphibian populations from Northern
Europe and can be explained by their Pleistocene
history — habitation in a small number of south-
ern refugia and rapid spread to the north and east
(Beebee & Rowe, 2000).

Genetic diversity was the highest in the Siberi-
an wood frog R. amurensis (h = 0.31). The Siberian
wood frog and the other studied amphibian species
have fundamentally different distribution areas,
Asian and European, respectively. Therefore, they
must have had a different Pleistocene history. In
particular, their settlement in Siberia occurred, ap-
parently, from different refugia. This issue requires
further detailed research.

In different populations of the toad B. bufo, ge-
netic diversity varied from 0.169 to 0.275, and was
0.23 on average. The lowest genetic diversity was
found in the common toad population from Taga-
nay National Park (Table 2). This may be due to
the isolation of this population.

We identified a high level of genetic diversity
among eggs of R. arvalis not observed in adults
(Table 3). This can be an effect of natural selection.
The same phenomenon was revealed in the sand
lizard Lacerta agilis Linnaeus, 1758 (Bolnykh &
Zhigileva, 2016). Increased mortality of juvenile
individuals was observed in peripheral popula-
tions, which explains the loss of their genetic di-
versity (Edenhamn et al., 2000). Although the level
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of variability was estimated using neutral markers,
data on low variation can indicate diminution of
adaptive properties (Hoglund et al., 2015).

Populations of B. bufo and the moor frog R.
arvalis were highly differentiated (mean multi-
locus G = 0.249 and 0.268, respectively). Nei’s
original measures of genetic identity (/) and ge-
netic distance (D) between toad populations were
comparable with these indexes between the studied
brown frog populations (Table 4).

These results indicate that B. bufo and R.
arvalis have a well-defined population structure
with restricted gene flow between populations. A
high level of differentiation of populations was
found in other Bufo species (Rowe et al., 1998;
Shaffer et al., 2000; Rogell et al., 2010; Faucher
et al., 2016). Restricted gene flow is character-
istic of amphibians due to their weak migratory
capacity and dependence on spawning water
bodies (Palo et al., 2004).

In general, the presented data are intended
to fill the gap in studying the genetic structure

of the amphibian populations of the south of
Western Siberia and the Urals. These data will
be useful for conservation concerns, especially
for developing appropriate management strate-
gies and defining distinct evolutionary signifi-
cant units. The data on different levels of ge-
netic variability in amphibian populations from
protected areas show their different value for
conservation management. Some amphibian
populations (such as the common toad popula-
tion from Taganay National Park) can have re-
duced genetic diversity. On the one hand, the
presence of genetically impoverished popula-
tions requires monitoring of genetic diversity of
these amphibian populations. The identification
of possible reasons for this diversity reduction
is also necessary to understand whether it con-
cerns anthropogenic factors or that we have to
deal here with a natural process. On the other
hand, data on the genetic diversity of amphib-
ians should be taken into account when devel-
oping a network of protected areas.

Table 2. Indices of genetic variability in populations of amphibians according to ISSR data

Species Locations Sample size P, n, n h
Uvatsky area 27 933 1.9 1.3 0.176
. Tyumen 26 30.7 1.6 1.4 0.210
Rana arvalis
Chervishevsky Natural Monument 19 63.3 1.6 1.3 0.202
Irbit 24 73.4 1.7 1.5 0.250
Rana amurensis Uvatsky area 33 90.0 1.9 1.5 0.311
Rana temporaria Irbit 9 69.7 1.7 1.4 0.230
Sagra settlement 20 79.3 1.8 1.5 0.275
Bufo bufo Lake Tavatui Natural Monument 11 68.3 1.7 1.5 0.253
Taganay National Park 14 45.1 1.5 1.3 0.169
Note: P,,, — the percentage of polymorphic loci, n, — the observed number of alleles, n, — the effective number of alleles, # —

Nei's gene diversity.

Table 3. Indices of genetic variability in various groups of the moor frog

Stage and age group P, n, n, h
Eggs 71.43 1.71 1.43 0.25
Juvenile 69.72 1.69 1.45 0.25
Adult 53.21 1.53 1.34 0.19
Note: P, — the percentage of polymorphic loci, n, — the observed number of alleles, n, — the effective number of alleles, / —

Nei's gene diversity.

Table 4. Indices of genetic differentiation of amphibian populations

Compared groups 1 D . Nm
Populations of B. bufo 0.790-0.898 0.107-0.236 0.249 1.50
Populations of R. arvalis 0.829 0.187 0.268 1.36

Note: I — Nei's original measure of genetic identity, D — genetic distance (Nei, 1972), G, — interpopulation component of

genetic variability, Nm — gene flow.
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TEHETUYECKHU NOJIMMOP®U3M B NONYJAALUSAX AM®UBUI
OCOBO OXPAHSIEMBIX ITPUPOJHBLIX TEPPUTOPUI
HA IOT'E 3AITIAJTHOM CUBUPU U YPAJIA
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AMpUONN — BaXHBIN, HO YS3BUMBIII KOMIIOHEHT OMOpa3HooOpasus. MI3MeHEeHus KiuMara W aHTPOIOTeHHas
TpaHcopManusi cpensl OOMTAaHHST MOXET NPUBECTH K HW3MEHEHHIO CPOKOB pPa3MHOKEHHMS W TPaHUIL
pacIipocTpaHeHHsl M BbI3BaTh HEraTHBHBIC I€HETHYECKUE MPOIECCH B NOMYJsIMsAX. B HacTosimeit pabore Mbl
OLICHUJIM TeHETHYECKYI0 N3MEHYMBOCTh U auddepeniuanuio 184 ocobdeit ueTpipex BunoB ampuoduii (Rana ar-
valis, Rana amurensis, Rana temporaria, Bufo bufo) u3 cemu mect rora 3amaguoit Cubupu u Ypana, Poccus. [{ns
N3YYEHUsI TeHETHYECKOT0 pa3Ho00pasus STHX BUIOB MBI MCTIOIB30BAIIH 6 ITpaiiMepOB JUIs TIOCIIEI0BATEIbHOCTEH,
orpaHM4YeHHBIX MpocTbiMu noBTopamu (ISSR). I'enernueckoe pasznoobpasue Hes (/) Bapbuposaino ot 0.169
70 0.311 B noKanbHBIX MOMyNsALUsIX am(uOunii; pazHooOpasre ObUIO HAUMEHBIINM y cepoil kalwl B. bufo n
HAUOOJBIIAM y CHOUPCKOW NATyIIKH R. amurensis. [lonymsiuu B. bufo u octpoMopaoi nsarymku R. arva-
lis BBICOKO MM depenHnrpoBansbl (cpeanee MysTunokycHoe G . = 0.249 u 0.268, cootBeTcTBEHHO). MHIEKCHI
reHeTndeckoro cxozcrea Hes (/) v renerndeckne aucTanu (D) MexX, Ty MOMYISIIUSIMU Ka0bl ObUTH COIIOCTaBUMBI
CO 3HAYCHUSIMU DTUX MOKa3arelsieil N3y4eHHBIX NOMYJSIMN OYphIX JIATYIIEK. DTH pe3yJbTarThl MOKA3bIBAIOT, YTO
B. bufo n R. arvalis »MeIOT XOpOILIO BHIPAKCHHYIO IMOIMYNISIIHOHHYIO CTPYKTYpPY C OTPaHHUYCHHBIM MOTOKOM
TEHOB MEX/Iy IMOMYISIUIMU. MBI TakKe BBISBHIIM BBICOKHI YPOBEHb I'€HETHUECKOTO pazHooOpasust R. ar-
valis Ha CTaguM WKpbI, HE HAOJIIOAAEMBIN Cpe B3POCIBIX 0COOEH. DTH pe3yNbTaThl CBHIAECTENBCTBYIOT, YTO
BCE M3YYCHHBIC MOMYISMN aM(UOUI UMEIOT BBICOKMI aIaNTHBHBIN MOTEHIIMAT U TEHETHYECKYIO CTPYKTYDY,
XapakTepHylo st am¢uouid. IlpencraBneHHble JaHHbIE BOCIONHSIOT NPOOET B HM3yYEHWH TCHETHYECKOU
CTPYKTYpBI nomyJsiiuii ampuouii rora 3amagnoid Cubvpu u Ypana. /laHHble 0 pa3HBIX YPOBHAX T€HETHYECKOU
W3MEHYMBOCTH B MOMYISIMAX aM(pUOUil 0c000 OXpaHSEMbIX MPUPOJHBIX TEPPUTOPHIA MMOKA3BIBAIOT MX Pa3HOE
3HAYEHUE JUIS MPUPOJOOXPAHHBIX MepOonpusaTHH. Hanmuuue reHeTndeckn OOCIHEHHBIX MOMyJsuuil TpeOyer
OpraHu3aly MOHUTOPHHIAa TeHETHYECKOrO pa3HooOpa3us am(uoOuil. ITH AaHHBIE MOTYT OBITH TOJIE3HBI JUIs
PpeLIeHus TPUPOJOOXPAHHBIX POOJIEM, 0COOEHHO ISl pa3padOTKH COOTBETCTBYIOIMX CTPATErnil yIpaBICHUsL.

KuaroueBbie cinoBa: Bufo bufo, ISSR mapkepsl, Rana amurensis, Rana arvalis, Rana temporaria, reHeTA4YecKas
W3MEHYHMBOCTS, uddepeHnnanms
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