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Background. Two species of water frogs, Pelophylax ridibundus and Pelophylax
lessonae, and their hybrid, Pelophylax kl. esculentus, are widespread in Ukraine. The
purpose of this study was to investigate the population structure of various types of
hemiclonal population systems (HPS) of water frogs formed due to the coexistence
of frogs in the same territory. In Ukraine, a hybridization centre with the spread of trip-
loid individuals of hybrid nature has been identified. Triploid hybrids are an intriguing
research subject due to the diverse hypotheses about their origin and role in HPS.
Outside the hybridization centre in Kharkiv Region, triploids are not commonly found. In
our study, we describe the initial findings of triploid specimens in Lviv Region and ana-
lyze the genetic structure of the HPS where such individuals were detected.

Methods. In total, 193 specimens of green frogs were collected between 2011 and
2015. Here we present population structure analysis which was conducted using two
microsatellite loci, Rrid059A and RICA1b5. A wide range of software programs were uti-
lized for processing the genetic analysis data, including GenePop 4.7.5, Micro-Checker
and NewHybrids 1.1.

Results. Three types of hemiclonal population systems were identified: R-E type in
Perekalky and Lake Pisochne, L-E type in Lake Luky, and R-E-L type in Nyzhankovychi,
Velykyi Lyubin, Zhovtantsi and Cholgyni. Additionally, population systems with hybrids
of mixed ploidy (diploids and triploids) were found in Perekalky, Velykyi Lyubin and
Zhovtantsi.
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Conclusions. Genetic diversity analysis revealed variations in the number of alleles
per population. P. ridibundus individuals exhibited higher genetic diversity compared to
P. lessonae individuals, whereas hybrids showed intermediate genetic diversity. Further
investigations of the localities where potential triploids were detected are necessary to
assess the survival and reproductive potential of hybrid individuals and determine all
types of hybrids and individuals of both marsh and pool frogs.

Keywords: water frogs, Rrid059A, RICA1b5, NewHybrids, hemiclonal population
systems (HPS)

INTRODUCTION

The Pelophylax esculentus complex in Ukraine consists of two parental spe-
cies: the marsh frog (Pelophylax ridibundus) and the pool frog (Pelophylax lessonae).
Additionally, this complex includes the edible frog (Pelophylax kl. esculentus), which
is a viable hemiclonal hybrid of the parental species (Berger, 1964; Berger & Berger,
1994; Pysanets’, 2007). These species coexist and interact at various levels, forming
a hemiclonal population system (HPS) where recombinant and clonal genomes are
transmitted across generations (Biriuk et al., 2015). In some regions, there are local
groups consisting exclusively of hybrid individuals, which can be found in several
European countries, including Ukraine (Pl6tner, 2005).

Hybrids within the Pelophylax esculentus complex can be classified into two distinct
groups based on their origin. The first group consists of de novo hybrids which result
from crossbreeding between parental species. The second group comprises backcross
hybrids which arise from reverse crossbreeding between hybrids and parental species.
The reproduction of P. kl. esculentus involves partial elimination of genetic material
from one of the parents. This means that the genome of the second parental species is
inherited in a semi-clonal manner. The characteristics of hybrids can vary depending on
their geographical location: they may be diploid or triploid, exclusively female or male,
or exhibit an equal sex ratio like the parental species (Dolezalkova et al., 2016; Rybacki
& Berger, 2001; Tunner & Karpati, 1997; Uzzell et al., 1976). Hybrids can form gametes
of both parental species (R, L or at the same time R and L). This process can result
in the elimination of genes from both the pool frog and the marsh frog (Dedukh et al.,
2015, 2017; Reyer et al., 2015). When hybrid frogs are crossed with each other and pro-
duce gametes of the same parental species, there is a possibility of hybridolysis. This
phenomenon leads to the transfer of different clonal genomes of the same species into
one individual. Noteworthy, to reproduce the parent species, the presence of exactly
two genomes of the same species is necessary. Individuals formed through hybridoly-
sis typically exhibit reduced viability (Dedukh et al., 2017), which can be attributed to
changes (mutations) that accumulate in the clonal genome during transmission from
generation to generation without recombination (Dolezalkova-Kastankova et al., 2018).
Alternatively, it may result from the introgression of mitochondrial DNA from another
species (Bohling et al., 2013; Hill, 2019). Individuals with two clonal genomes have
low viability and often perish during the pre-reproductive period, a process known as
postzygotic elimination. Crossbreeding between hybrids produces viable offspring, and
there are genetic differences between hybrids of the first generation and backcross
hybrids. These differences are reflected in various types of population systems and the
sexual structure of hybrids across different geographic localities (Stock et al., 2022).
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The presence of triploid (3n) individuals in the hybrid population of water frogs
is a commonly observed phenomenon (Berger & Berger, 1994; Dedukh et al., 2017).
Triploids are formed through fertilization events involving a diploid egg cell and a haploid
spermatozoon (Hoffmann et al., 2015; Pidancier et al., 2003), a haploid egg cell and a
diploid spermatozoon (although less frequent and less studied) (Plétner, 2005; Tunner
& Karpati, 1997), or potentially through genome doubling of a haploid egg cell after ferti-
lization (Biriuk, 2015). Triploid hybrids possess either two P. lessonae genomes and one
P. ridibundus genome (genotype LLR) or one P. lessonae genome and two P. ridibundus
genomes (genotype LRR) (Plétner, 2005). They can produce both haploid and dip-
loid gametes, thereby eliminating the minority genome (Stock et al., 2022). Despite the
presence of triploidy, sexually mature triploids have comparable lifespans and slightly
faster growth rates than diploid hybrids (Meleshko, Korshunov, & Shabanov, 2014).

The occurrence of triploidy in Pelophylax kl. esculentus is most commonly reported
in Western and Central Europe, spanning from France to Sweden and Poland, with
additional records in Slovakia and Hungary (Holsbeek & Jooris, 2010). In Ukraine,
researchers from Kharkiv have identified a specific region in the Siversky Donets River
basin as the sole hybridisation centre of water frogs in the country, which is currently the
subject of active research (Biriuk et al., 2015; Dedukh et al., 2017; Kryvoltsevych et al.,
2022; Stock et al., 2022).

Identifying diploid and triploid water frogs solely based on their external character-
istics is a complex task, but it can be reliably accomplished in laboratory settings. One
accessible approach involves measuring the size of erythrocytes, as it is closely linked
to ploidy. The boundary between diploids and triploids is determined by the length of
erythrocytes, typically falling within the range of 26 to 28 ym (Bondarieva et al., 2012;
Ogielska-Nowak, 1978; Plétner, 2005). Additionally, triploids exhibit a reduced eryth-
rocyte count due to their enlarged size, along with a decrease in haemoglobin content
(Christiansen, 2005). However, to determine ploidy more accurately, other sophisticated
molecular methods can be employed. Overall, the taxonomic classification of water frog
groups in natural habitats presents difficulties due to their morphometric and phenetic
similarities (Hyne et al., 2009). However, by utilizing genetic techniques like microsatel-
lite DNA analysis, RADseq etc., it becomes possible to precisely determine the taxo-
nomic affiliation or ploidy of an individual frog (Ambu & Dufresnes, 2023; Cuevas et al.,
2022; Hofman et al., 2012).

Modern molecular methods are now employed to study the genetic population
structure of water frog hybridization sites in Europe. These studies have revealed the
clonal transmission of different types of genomes within various hemiclonal population
systems (Biriuk et al., 2015; Dedukh et al., 2013, 2015, 2017; Dolezalkova et al., 2016;
Dufresnes et al., 2018; Herczeg et al., 2017; Quilodran et al., 2015). Some studies have
also focused on investigating the population structure of the edible frog (Christiansen,
2009) and populations with the presence of parental species alongside exclusively male
individuals of hybrid forms (Pruvost et al., 2015). Such population systems have been
documented in several countries, including the Czech Republic (Dolezalkova et al.,
2016), Germany (Uzzell et al., 1976), Hungary (Tunner & Karpati, 1997), and Poland
(Rybacki & Berger, 2001).

Genetic markers, such as nuclear microsatellite loci, are valuable tools in assess-
ing individual genotypes, genetic diversity within populations, and population differentia-
tion. Despite the widespread availability of molecular methods in zoology, there is still
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untapped research potential in this field within Ukraine, particularly regarding the genetic
diversity of water frog groups in western Ukraine. Expanding the use of genetic tools
and conducting further investigations will enhance our understanding of the genetic
structure and evolutionary dynamics of water frog populations in the region. This know-
ledge is vital for comprehending the species’ ecology, conservation, and management,
providing valuable insights for future research and conservation efforts aimed at pre-
serving these frogs and their habitats.

The main objectives of the present study were:

1. To assess the population composition at the analyzed localities, specifically
focusing on the distribution of hybrid individuals and the composition of parental
species. It was anticipated that localities with hybrids would exhibit the presence
of at least one parental species or triploid hybrids, which serve as donors of the
genome (Hoffmann et al., 2015).

2. To evaluate the genetic diversity of parental species and hybrids in the
analyzed population systems using microsatellite DNA analysis, taking into
account the geographical locations of the localities. A correlation between the
genetic diversity of the population systems and the geographic coordinates of
the localities was expected. Based on previous research by A. Hoffmann (2015),
a decrease in diversity from west to east and from south to north was antici-
pated. The samples from the Shatsky National Nature Park (Stakh et al., 2018)
were expected to demonstrate the lowest diversity due to glacial retreat and
range expansion, as described in the literature (Hoffmann et al., 2015).

3. To assess the hybrid composition of the population systems, including the
presence of various hybrids such as F1, F2, backcrosses between marsh frogs
and pool frogs, and hybrids with different ploidy levels (Hoffmann et al., 2015;
Stakh et al., 2018).

MATERIALS AND METHODS

The study focused on two species of water frogs: the marsh frog (Pelophylax
ridibundus) and the pool frog (Pelophylax lessonae). Additionally, we investigated the
result of hybridization between these two species, known as the edible frog (Pelophylax
kl. esculentus). Amphibians were collected from 2011 to 2015. The captured frogs were
placed in pre-moistened bags made of breathable material (such as satin, muslin, cot-
ton, etc.).

Localities for collecting amphibians. The amphibians were collected from
seven localities within the administrative boundaries of two regions in Ukraine — Lviv
and Volyn Regions (Fig. 1) and were more extensively described in previous works
(Stakh et al., 2014, 2018). In this work, we chose the water bodies in Nyzhankovychi
village (49°40'34" N, 22°48'30" E), Cholgyny (49°55'14" N, 23°26'11" E), Perekalky
(50°11"11" N, 24°23'41" E), Zhovtantsi (49°59'33" N, 24°14'18" E), Velykyi Lubin
(49°43'26" N, 23°44'01" E), Lake Pisochne (51°34'13” N, 23°54'11” E) and Lake Luky
(51°34'28” N, 23°50'49” E).

The localities of Nyzhankovychi, Cholgyni, Velykyi Lyubin, and Zhovtantsi are arti-
ficial water bodies. Perekalky represents a channel for the discharge of cooling waters
from the Dobrotvir Thermal Power Plant. Lakes Pisochne and Luky are located in Volyn
Region and are natural water bodies.
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Fig. 1. Localization of the investigated water bodies

Sample Collection and Types of Hemiclonal Population Systems. A total of
193 water frog specimens were collected between 2011 and 2015. In the field, the
taxonomic classification of each individual was determined based on a set of charac-
teristics described in our previous works (Stakh et al., 2014, 2018). Samples of oral
epithelium were collected using cotton swabs following the appropriate methods (Ambu
& Dufresnes, 2023; Pidancier et al., 2003) and placed in 1.7- or 2-mL tubes. The samp-
les were stored in freezer chambers at -18 °C and transported to the laboratory under
low-temperature conditions using specialized refrigerated bags. DNA extraction was
successful for 174 specimens (P. ridibundus — 68, P. lessonae — 53, P. esculentus — 53).
The type of hemiclonal population system (HPS) was determined based on the
species present in each locality. The species composition was assessed using cumula-
tive information on the genotypic structure of LL, RR, RE, LLR, and LRR individuals.
The selection of microsatellite loci. A detailed description of the DNA extraction
method, PCR amplification of microsatellite sequences, electrophoresis of PCR prod-
ucts, and result analysis were described in previous studies (Stakh et al., 2014, 2018).
When assessing the genetic structure of water frog HPS, the analysis of micro-
satellite DNA is commonly used as a relatively accessible method (Dufresnes et al.,
2017; Hotz & Uzzel, 1982; Kaeuffer et al., 2007; Quilodran et al., 2015; Smouse et al.,
2017; Yin et al., 2018). To accurately evaluate the diversity of clonal individuals, it is
necessary to use microsatellite markers with high polymorphism and even distribution
(Dolezalkova-Kastankova et al., 2018). For the group of water frogs, several species-
specific loci have been described (Dolezalkova et al., 2016; Dufresnes et al., 2018;
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Garner et al., 2000; Herczeg et al., 2017; Holm, 1979; Hotz & Uzzel, 1982; Pruvost
et al., 2013; Zeisset et al., 2000). In this study, we present the results of population
structure analysis for 174 individuals using two loci, Rrid059A and RICA1b5. The analy-
sis of the first 91 individuals is described in detail in our previous works (Stakh et al.,
2014, 2018), and here we supplement the analysis of the results.

Measurement of erythrocyte size. In 2019, the ploidy analysis of water frogs from
Perekalky (24 specimens) and Zhovtantsi (42 specimens) was conducted to analyze the
erythrocyte size. For the measurement of erythrocyte size, a blood smear was prepared
for each individual. A drop of blood was applied to a glass slide and quickly spread into
a thin layer using the edge of another glass slide. The erythrocyte smear was then dried
(Bondarieva et al., 2012; Ogielska-Nowak, 1978). Subsequently, the smear was photo-
graphed under a microscope with an object micrometer using a USB camera. The length
of the major axis of 20 erythrocytes was measured using the PdfXChange Viewer soft-
ware. The measurement results were converted into micrometres and recorded in a data-
base. In triploid individuals, the erythrocytes were slightly larger (26—28 um) than those of
diploid individuals (<26 pm) (Christiansen, 2005; Ogielska-Nowak, 1978; Plotner, 2005).

Processing of the results of microsatellite DNA analysis. The obtained multi-
locus individual genotypes of water frogs were examined for the presence of gene link-
age groups using the GenePop 4.7.5 software (Raymond & Rousset, 1995a; Raymond
& Rousset, 1995b; Reyer et al., 2015; Rousset & Raphaél, 2007; Rousset, 2008), as
well as for the presence of hidden null-alleles using the Micro-Checker software (Van
Oosterhout et al., 2004).

Population structure analysis was conducted using Bayesian methods (employing
the MCMC algorithm) in the NewHybrids 1.1 (Anderson & Thompson, 2002). The
NewHybrids 1.1 program incorporates species-specific alleles as initial conditions
(Dufresnes et al., 2017; Falush et al., 2007; Herczeg et al., 2017; Pritchard et al., 2000).
The NewHybrids1.1 accurately identifies parental species (P) and hybrids resulting from
their crossbreeding (F1), as well as hybrids crossing with each other (F2) or with paren-
tal species (Bx). Classification is based on genotypic frequencies (Table 1). The pro-
gram determines pure species based on unique alleles (Anderson & Thompson, 2002).
Therefore, using the NewHybrids 1.1 program, an assessment of individual hybridity
in HPS was conducted based on individual genotypes at two diagnostic loci, RICA1b5
and Rrid059A. These loci were chosen because they contain unique alleles that are
fixed (frequency equals 1.00) in P. lessonae. Calculations were performed with 20,000
generations (MCMC). All triploids were deleted before the analysis.

Table 1. Genotypic frequency classes used by NewHybrids 1.1 for detecting hybrids of
different origins

Classes Frequency
Sp_1 1.00 0.00 0.00 0.00
Sp_2 0.00 0.00 0.00 1.00
F1 0.00 0.50 0.50 0.00
F2 0.25 0.25 0.25 0.25
1_Bx 0.50 0.25 0.25 0.00
2 Bx 0.00 0.25 0.25 0.50
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Literature analysis of the genetic diversity of water frogs indicates the presence of
species-specific alleles (Table 2) (Herczeg et al., 2017; Hotz & Uzzel, 1982; Stakh et al.,
2014) at the loci used, namely Rrid059A and RICA1b5, which are fixed for each species
(frequency equals 1.00). When comparing data collected by different laboratories, it is
important to consider discrepancies in the interpretation of microsatellite allele sizes, as
well as the fact that different software used in the instruments may have an error of +/- 2
nucleotides during the interpretation of electrophoresis results of amplified DNA frag-
ments (Delmotte et al., 2001). That is why Table 2 includes both literature data (Herczeg
et al., 2017; Hotz & Uzzel, 1982) and our data (Stakh et al., 2014, 2018).

Table 2. Species-specific alleles of the analyzed loci Rrid059A and RICA1b5

Species RICA1b5 Rrid059A
Pelophylax ridibundus 135, 137, 139, null allele 113, 115, 133, 136, 137, 138
Pelophylax lessonae 120, 122, 123 101, 103

RESULTS

Task 1. Evaluation of the population composition of samples.

Three types of hemiclonal population systems were identified: R-E type in Perekalky
and Lake Pisochne, L-E type in Lake Luky, and R-E-L type in Nyzhankovychi, Velykyi
Lyubin, Zhovtantsi and Cholgyni (Fig. 1). Additionally, hemiclonal population systems
with hybrids of mixed ploidy (diploids and triploids) were found in Perekalky, Velykyi
Lyubin and Zhovtantsi. Pure parental populations weren’t found in the investigated
localities.

Task 2. Assessment of Genetic Diversity.

The analysis of genetic variability in the analyzed populations of water frogs
using microsatellite sequences of nuclear DNA identified 12 alleles at the Rrid059A
locus, ranging in size from 103 to 149 base pairs (bp). The allele of 103 bp was found
exclusively in pool frogs and edible frogs. The frequency of the 103 bp allele (Table 3)
increases with the population of pool frogs and hybrids, which is consistent with the lite-
rature (Herczeg et al., 2017; Hotz & Uzzel, 1982; Hotz et al., 2001). H. Hotz & T. Uzzel
(1982) describe the allele of 137 bp as characteristic of marsh frogs (Table 3), and the
locus is generally associated with P. ridibundus.

We used the locus RICA1b5 as one of the species-specific loci (Table 2) (Herczeg
et al., 2017; Pruvost, Hoffmann & Reyer, 2013). In our samples, the alleles at this locus
range from 123 to 141 bp (Table 4) (Stakh et al., 2014). The allele 123 bp is found only
in samples with individuals of P. lessonae and hybrids since the locus is specific to the
pool frog (Herczeg et al., 2017) (Table 2).

Individuals of P. lessonae showed lower genetic diversity in the alleles of the studied
loci, with a total of 9 alleles. On the other hand, P. ridibundus exhibited higher genetic
diversity with 14 alleles. The genetic diversity of hybrid individuals was intermediate,
with 10 alleles across the two loci.

Task 3. Evaluation of hybrid composition in population systems.

At the outset, it is important to emphasize that the NewHybrids program pre-
dicts whether an individual belongs to a certain species or different types of hybrids.
Therefore, we provide the percentage probabilities of the assignment of each individual
to specific classes.
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Table 3. Frequencies of alleles at the microsatellite locus Rrid059A in representatives of
water frog species from different localities
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103 0.56 0.72 0.11 0.16 0.38 0.50 0.25 0.38
125 0.13 0.17 0.27 0.22 0.06 0.04 0.13 0.17
127 0.03 0.00 0.06 0.00 0.09 0.00 0.00 0.03
133 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
135 0.02 0.00 0.12 0.00 0.06 0.04 0.00 0.05
137 0.06 0.03 0.10 0.06 0.41 0.19 0.06 0.11
139 0.14 0.08 0.19 0.38 0.00 0.12 0.19 0.16
141 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.01
143 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
145 0.00 0.00 0.02 0.00 0.00 0.00 0.13 0.01
147 0.03 0.00 0.06 0.19 0.00 0.12 0.25 0.06
149 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.01

Table 4. Frequencies of alleles at the microsatellite locus RICA1b5 in representatives of
water frog species from different localities
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123.00 0.56 0.64 0.14 0.44 0.41 0.58 0.38 0.42

137.00 0.09 0.19 0.00 0.34 0.09 0.15 0.06 0.11
139.00 0.28 0.17 0.86 0.22 0.50 0.27 0.56 0.45
141.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.02
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The graph in Fig. 2A presents taxon composition in the Nyzhankovychi samples.
The locality is characterized by the presence of two parent species (No 135, 137, 145
are P. lessonae with a probability of 98 %), different generation hybrids (individuals 136,
144, 146-149), and at least two backcrosses with P. ridibundus (individuals 139, 141).
No triploid hybrids were detected.
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Fig. 2. The hybrid composition of the analyzed population systems was determined using NewHybrids 1.1
utilizing the results of the analysis of the Rrid059A and RICA1b5 loci of individuals collected from
various water bodies: A — Nyzhankovychi village; B — Cholgyni village; C — Pisochne Lake; D — Luky
Lake. Different colours on the graph represent the assigned classes (P. rid. — marsh frog; P. les. — pool
frog; F1 — first-generation hybrids; F2 — second-generation hybrids; B_x P.r. — backcrosses with marsh
frog; B_x P.I. — backcrosses with pool frog)
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Despite the presence of hybrids in Cholgyni (Fig. 2B), the majority of them consist
of pure parental species. For example, individuals No 33-39, 42, 44, 59, 60, 63, 67, 72,
79, 81, 82, 99-101, 162—-166 are P. lessonae with a probability of 97 %. The locality is
characterized by the presence of first-generation hybrids (individuals No 45, 75 and 161
with a probability of more than 77 %) and two backcrosses with P. ridibundus (No 61, 64).
No triploid hybrids were detected.

The hybrid composition of the water frog population in Lake Pisochne differs from
the ones analyzed in this study by the presence of exclusively F1 hybrids (individuals
47-49, 54-58, 178-184 with a probability of more than 81 %) (Fig. 2C). This is an
interesting feature, as individuals of the pool frog were not found, which is necessary
for the formation of first-generation hybrids. There is a 93 % probability that individuals
No 50-53 are P. ridibundus. No triploid hybrids were found.

In the Luky locality, individuals of the pool frog (No 92, 103, 105-108, 168, 170
with a probability of 98 %), F1 hybrids (No 86-89, 91, 94, 104), and backcrosses with
P. ridibundus (individual No 90, 93 109) were found (Fig. 2D). The marsh frog individu-
als were not found in this locality. All sampled individuals were of non-reproductive age.
No triploid hybrids were found.

The main portion of hybrids in the locality of Velykyi Lyubin (Fig. 3A) is the result of
the first crossbreeding of parental forms (F1) (individuals No 206-209, 211, 213, 214,
216, 217). Four triploid hybrids were identified (No 207, 218, 219, and 221) and belong
to the RRL type (Table 5).

The sample from the village of Zhovtantsi (Fig. 3B) consists of both first-generation
hybrids (F1) (individuals No 203, 204 with a probability of 80 %) and backcrosses with
P. ridibundus (individuals No 197, 201 with a probability of 32.5 %) were found. Three
triploid hybrids were also detected (No 198, 199, 200) and belong to the RRL type
(Table 5).
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Fig. 3. The hybrid composition of the analyzed population systems was determined using NewHybrids 1.1
utilizing the results of the analysis of the Rrid059A and RICA1b5 loci of individuals collected from vari-
ous water bodies: A — Velykyi Lyubin; B — Zhovtantsi; C — Perekalky. Different colours on the graph
represent the assigned classes (P. rid. — marsh frog; P. les. — pool frog; F1 - first-generation hybrids;
F2 — second-generation hybrids; B_x P.r. — backcrosses with marsh frog; B_x P.I. — backcrosses with
pool frog)

The sample from the village of Perekalky (Fig. 3C) consists of 16 individuals, out of
which 11 are hybrids. Three individuals, namely numbers 119, 125, and 128, have been
identified as first-generation hybrids with a probability exceeding 78 %. These hybrids
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are the product of the crossbreeding of parental individuals. Additionally, individual num-
ber 112 has been identified as a backcross with P, ridibundus, with a probability of 56 %.
Two individuals were also identified as triploids (No 123, 129) with an RRL genotype
(Table 5).

Table 5. Alleles of triploids at loci Rrid059A and RICA1b5

Individuals = Sex Site Rrid059A Probable genotype RICA1b5
123 Q Perekalky 139 103 - RRL 139 137 123
129 Q Perekalky 139 103 - RRL 139 137 123
198 3 Zhovtantsi 147 137 103 RRL 139 137 123
199 3 Zhovtantsi 147 103 - RRL 139 137 123
200 3 Zhovtantsi 147 103 - RRL 139 137 123
207 4 Velykyi Lyubin 139 125 103 RRL 139 137 123
218 4 Velykyi Lyubin 147 137 103 RRL 139 123 -
219 Q  Velykyi Lyubin 149 137 103 RRL 137 123 -
221 4 Velykyi Lyubin 147 103 - RRL 139 137 123

In 2019, additional sampling of water frogs from the localities of Perekalky and
Zhovtantsi was conducted. Blood samples were collected from each individual for the
analysis of erythrocyte size, which differs significantly between diploid and triploid water
frogs (Bondarieva et al., 2012; Ogielska-Nowak, 1978). Individuals with slightly larger
erythrocytes than the diploid range were identified, but genetic analysis of microsatellite
DNA was not performed.

DISCUSSION

Task 1. Evaluation of the population composition in the samples.

Pure parental populations were not found in the investigated localities. The major-
ity of the analyzed localities are characterized by established hybridization (presence
of backcrosses). A crucial task for the clonal genome is transitioning to sexual cells. In
first-generation hybrids resulting from crosses between parent individuals, the forma-
tion of sexual cells is problematic. Many hybrids are infertile. Only individuals capable
of producing viable sexual cells can pass on clonal genomes to the next generation.
Clonal genomes that have undergone several generations are reproduced much more
reliably. This indicates a unique form of genome evolution, characterized by the accu-
mulation of adaptations for clonal transmission (Meleshko et al., 2014). Most of the
HPS that we analyzed have backcrosses, which indicates that hybrid frogs are capable
of producing gametes and reproducing. Continuing the study of these HPS would be
highly beneficial.

These are the first investigations of hemiclonal population systems using microsat-
ellite analysis for samples from Velykyi Lyubin, Perekalky, and Zhovtantsi. Additionally,
this work supplements our previous studies of HPS from Nyzhankovychi, Cholgyni, and
Lakes Luky and Pisochne.
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Task 2. Assessment of genetic diversity.

We expected to observe a subjection between the genetic diversity of HPS and the
geographical coordinates of the localities. According to A. Hoffmann et al. (2015), diversity
decreases from west to east and from south to north. In our case, the difference in geo-
graphical distance between the samples is not significant enough to draw obvious con-
clusions. Overall, samples located closer to the Carpathian Mountains (Nyzhankovychi,
Cholgyni and Velykyi Lyubin) exhibit a higher diversity in terms of detected alleles.

Task 3. Assessment of hybrid composition in population systems.

The pool frog is less numerous in the HPS of Nyzhankovychi, and both morphometric
and phenotypic characteristics make it difficult to distinguish individuals from those of the
marsh frog or the edible frog. The results obtained in this study intrigued us, as we did not
previously suspect the presence of the pool frog in this HPS (Stakh et al., 2014, 2018).

It is evident that the hybridization of water frogs in Cholgyni (Fig. 2B) is a relatively
recent phenomenon, or crossbreeding between parental species does not always result
in viable hybrid individuals (Berger & Berger, 1994; Plotner, 2005). The future fate of
this hemiclonal population system depends on the genome transmitted semiclonally
(possible clone genomes: (R), (L), and the simultaneous presence of both variants —
(R) and (L)), the survival ability of individuals of the parental species whose genome
is transmitted clonally (the phenomenon of hybrid breakdown), the viability of hybrid
individuals, potential external admixtures, etc. (Kravchenko & Shabanov, 2008; Perez-
Enriquez et al., 2018; Plotner, 2005).

There is a probability that P. lessonae individuals inhabit Lake Pisochne, although
they were not detected in our study. Another notable characteristic is the presence of
only F1 generation hybrids. It is possible that we failed to capture F2 individuals or back-
crosses. It is also possible that hybrids do not produce reproductive gametes capable
of generating hybrids, or F1 hybrids may be unable to produce viable offspring and
hence they perish at certain stages of development, and so on. Considering the fact that
mature males and females were found (Stakh et al., 2018), it is evident that a certain
portion of hybrids reach sexual maturity. Further investigations are needed to explore
the presence of pool frog individuals and other hybrid types in the locality.

The presence of backcrosses in Luky Lake indicates successful transmission of
the clonal genome. Further research is needed to determine whether the backcrosses
reach reproductive age. For successful reproduction and maintenance of hybrids in
population systems, it is sufficient to have at least one parental species or triploid that
are utilized by hybrids for sexual parasitism.

CONCLUSIONS

In our study, three localities with triploid hybrids were identified. Triploids were
detected in Velykyi Lyubin, Zhovtantsi, and Perekalky (Table 5). A total of 9 triploid indi-
viduals were identified, but we cannot infer their population structure and origin due to
insufficient sampling.

For more accurate conclusions about each HPS, it would be beneficial to have
a significantly larger number of loci (Anderson & Thompson, 2002) that better reflect
the genetic structure and encompass a greater overall diversity of alleles. Additionally,
reanalyzing the amphibians from each locality by conducting various types of crosses
and performing genetic analysis using more recent and reliable methods (Cuevas et al.,
2022; Stock et al., 2022) would also be advantageous. These methods will enable the
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determination of the genetic profile of hybrids and elucidate their origins and distribution
within the population. Such studies will provide more detailed information about hybridi-
zation and the interaction of different species in population systems.
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BMAOOBWUMH | MBPUAHUA CKNAL, TEHETUYHE PI3HOMAHITTSA
3ENEHUX XAB (PELOPHYLAX ESCULENTUS COMPLEX)
Y TEMIKITOHATIbHMUX NONYNALIMHUX CUCTEMAX 3AXO[Y YKPAIHU

Bacunuxa Cmpyc'?, KOpiii Cmpyc?, lzop Xamap'

! Jlbsiscbkuli HauioHanbHUl yHisepcumem imeHi leaHa @paHka

syn. lpyweescbkoeo, 4, Jlbeie 79005, YkpaiHa

2[MpupodHuti 3arnoesioHuK “Poamouus”, syn. Cidosux Cmpinbuis, 7, leaHo-®paHkoee 81071, YkpaiHa

Betyn. Ha Tepwutopii YkpaiHm nowwupeHi gsa Bugun 3erneHux xab Pelophylax
ridibundus i Pelophylax lessonae Ta ixHin ribpng — Pelophylax kl. esculentus. MeToto
poboTu € gocnianTM NOMYMNALINHY CTPYKTYPY PI3HOIO TUMNY reMiknoHanbHUX Nonynsuin-
Hux cuctem (IM1C) 3eneHnx xab, Aki yTBOPEHi BHACNIAOK CNiBiCHYyBaHHA Xab Ha cninb-
Hin TepuTopii. B YkpaiHi BUABRNeHoO LeHTp ribpnamsadii i3 NOWMPEHHAM TPUNNoigHNX
0CobuH ribpuaHoi npupoaun. TpunnoigHi ribpuan € uikaBum 06’€KTOM OOCHIOKEHHS,
OCKIIbKM FiNOTE3N IXrbOro BUHUKHEHHs Ta poni y [TIC € goctatHbo pisHi. Ha TepuTtopil
YkpaiHu nosa LeHTpoM ribpuamnsadii B XapKiBcbkivi obnacTi Tpynnoign He TpannsaoTses
HaCTINbKN PYTUHHO. B Hawin poboTi Mn onnucyemo nepLui 3Haxigkv TpyUnnoigis Ha Tepu-
Topil JlbBiBCBHKOT 0BNacTi n aHaniayemo reHeTnyHy cTpyktypy TIC, ge i 6yno susasneHo
Taknx 0COBVH.

Marepianu tTa meToau. 3aranom 193 ocobuHm 3eneHnx xab byno 3ibpaHo mix 2011
Ta 2015 pp. TyT npeacTaBneHo aHani3 nonynsuiiHoT CTPYKTYPW 3 BUKOPUCTaHHAM OBOX
MikpocaTteniTHux nokycis Rrid059A ta RICA1b5. na onpauloBaHHA OAHUX FEeHEeTUH-
YOro aHanisy y poboTi BUKOPMCTaHO LLUMPOKNIA CNEKTP nporpam, a came GenePop 4.7.5,
Micro-Checker Ta NewHybrids 1.1.

PesynbtaTun. Pesynsrtatv BUSBUAM TPY TUMM FEeMIKMOHANbHUX NONYNAUINHUX CUC-
Tem: Tun R-E B lNMepekankax Ta osepi lNicouHe, Tun L-E B o3epi Jlykm 1a Tmn R-E-L
y HwxaHkoBnyax, YonruHax, Benvkomy JtobiHi Ta XKosTaHusx. Kpim Toro, BusiBneHo
cuctemu 3 ribpugamm 3miiaHoi NNoigHOCTI (aunnoign ta Tpunnoign): y MNepekankax,
Benukomy Jto6iHi Ta XKoBTaHusaX.

BucHoBkKM. AHani3 reHeTMYHOro Pi3HOMAaHITTS Nokasas BapiaLii KinbKOCTi anenis
Ha nonynsuito. OcobuHn P. ridibundus [eMOHCTPYOTb BinblUy reHEeTUYHY Pi3HOMaHIT-
HICTb NOPIBHAHO 3 ocobuHamu P. lessonae, Togi sk ribpnan Bigpi3HATECS MPOMIPKHUM
reHeTUYHUM pisHOMaHITTAM. [Moganbli JocnigpKeHHA nokaniteTis, Ae Oyno BMABNEHO
NOTEHLINHWUX TPUNNOIAIB, € HEOOXIAHMMY AN OLHKN BUXKMBAHOCTI Ta PENPOLYKTUBHOIO
noTeHuiany ribpmaHnx 0CobuH, a TakoX AN BU3HAYEHHS YCiX Tunis ribpuais i 0COBUH
Xabu 03epHoi Ta Xabw CTaBKOBOI.

Knrovoei crioga: BogsHi xabu, Rrid059A, RICA1b5, NewHybrids, remiknoHanbHi
nonynauinHi cuctemn (IMMC)
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