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Pelophylax esculentus (genome denoted as LR) is an interspecies hybrid of pool frog Pelophylax lessonae (genome LL)
and marsh frog Pelophylax ridibundus (genome RR). Typically, hybrids’ reproduction occurs due to clonal transmission
of one of the parental genomes. Hybrids usually co-exist with one or both parental species in so-called hemiclonal
population systems (HPS). Hybrids can produce gametes of both parental species either separately or simultaneously
(mixture of L and R gametes). Some hybrids also produce diploid gametes of different genomic compositions, a mixture
of haploid and diploid gametes, as well as gametes with partially recombinant genomes. The study aimed to identify types
of gametes produced by female P. esculentus from Ukrainian HPSs by analyzing allozymes of LDH-1 from their oocytes.
Especially we focused on two types of HPSs from the Siversky Donets river basin, where female gametogenesis was
never studied thoroughly. Nineteen female frogs (sixteen P. esculentus and three P. ridibundus as a control) from six
different localities were analyzed. Identification of LDH-1 allozymes was carried out based on their migration rate to
anode. ldentification of enzyme activity was performed with the kinetic UV method. We showed that hybrid females
from R-E-HPS can transmit the R genome in their oocytes and confirmed the assumption that triploid females from R-
Epf-HPS produce oocytes with L genomes. Frogs from R-E-Ep-HPS and L-E-R-HPS were able to produce oocytes with
either L or R genomes, which confirmed previous studies on these types of population systems. Measuring LDH activity
showed that the activity of the R-allozyme was about 1.6-fold higher than L-allozyme. No difference in allozymes activity
was shown for different types of hemiclonal population systems.
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Hemiclonal inheritance is a type of population systems (HPS) [16]. The
reproduction of interspecies hybrids implying composition of HPSs is always connected to
transmission of one or both parental genomes peculiarities of hybrid P. esculentus
into gametes without recombination. European gametogenesis [15]. Hybrids can produce
water frogs Pelophylax esculentus are the gametes of both parental species separately or
example of animals with hemiclonal simultaneously, they can also produce diploid
reproduction mode [7]. Pelophylax esculentus, gametes of different genomic composition, a
edible frog (Linnaecus, 1758; denoted as “E”) is mixture of haploid and diploid gametes, as
a hybrid of pool frog Pelophylax lessonae well as gametes with partially recombinant
(Camerano, 1882; denoted as “L”) and marsh genomes [3, 8, 9, 23].
frog Pelophylax ridibundus (Pallas, 1771, In populations belonging to certain
denoted as “R”) [1]. Reproduction of hybrids species, individuals transmit gametes with
occurs hemiclonally (i.e., without genomes of the same species to their offspring.
recombination): gametes possess the genome However, the situation is much more
of one of the parental species. Typically, complicated with HPSs of water frogs.
during gametogenesis in diploid hybrids, one Gametes of hybrid individuals belong either to
of the parental genomes is eliminated from one parent species or to another, or a mixture
cells before meiosis; the other genome doubles of gametes of both species is produced
(endoreduplication) and is transmitted to the simultaneously. An individual with genomes
gamete clonally [11, 12, 15, 21]. of different species forms gametes that do not

Biosystems in  which hybrid frogs reflect its genome composition, but belong to
reproduce can be described as hemiclonal one or another parental species. Why do such
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unusual systems not disappear? What
mechanism maintains their stability over time?
We do not yet have a complete answer to this
question. In order to find it, it is necessary to
collect data on the composition of various HPS
and the gametogenesis of the hybrids
reproduced in them. It is clear that the research
on the nature of gametogenesis should be
carried out in HPS of different types and
different regions. This work is devoted to the
study of the oogenesis of hybrid frogs from
different regions of Ukraine with the focus on
Siversky Donets river basin.

In the Siverskyi Donets river basin, both
diploid and triploid hybrids, P. esculentus, and
only one parental species, P. ridibundus, are
found and a high diversity of HPS types was
recorded [e.g., 6, 16, 19], which became the
basis for describing the Siverskyi Donets
center of waters frogs diversity in this area
[17]. We denote the types of HPSs by the set
of frogs’ forms it consists of [16]; the symbols
used are explained in the caption to Figure 1

There are wvarious methods for
determining the genotypes of both somatic and
germ cells [7]. The analysis of protein markers
is one of the most convenient methods for
studying oocytes — large cells with high protein
concentrations. Locus Idh-b (LDH-H subunit)

MATERIALS AND METHODS

We collected 19 female frogs in four localities
of Siverskyi Donets river basin and two
localities of Dnipro River basin (Fig. 1) in
summer seasons of 2016 and 2017. Species

Pisochne lake, Volyn region
51°66'82"N; 23°91'39'E

L-E-R-HPS

Uday river, Cherni
50°30'36"N 32°38'10'E

3 2 P. esculentus

ihiv region

is polymorphic in both parental species P.
ridibundus and P. lessonae. P. ridibundus have
two types of alleles: RTand R®, which encode
allozymes with fast and slow migration rate to
anode, respectively. For P. lessonae three
alleles were found: L', LS and L' (with
migration rate, intermediate between those
typical for Rf and R®) [22]. Oocytes of P.
ridibundus are characterized by the presence of
allele R, and P. lessonae — LS. Therefore, in
oocytes of hybrids one or both of
corresponding allozymes can be found [13].
LDH is one of the key enzymes of
glucose metabolism, which is in high
importance for amphibians who undergo
wintering and suffer from hypoxia during this
period. It was shown for P. esculentus frogs
from Siversky Donets river basin that triploids
have lower activity of LDH compared to
diploids [5]. But the difference in activity
between L and R forms of LDH was not
studied for this region.
The aim of this work was to determine the
genomes transmitted by hybrid females from
different types of hemiclonal population
systems and to compare the activity of LDH
allozymes in individuals from different HPSs
and with different genomes.

and sex identification was carried out by
morphological features. For each individual
we identified ploidy by measuring
erythrocytes length [4, 14].

harkiv river, Kharkiv region
50°01'75"N; 36°29'85"E
-E-HPS

1 2 P. esculentus

Lower Dobrytskyi pond,
Kharkiv region
49°33724'N; 36°18'35'E
RE-Ep-HPS

3 2 P. esculentus

Fig. 1. Localities, types of hemiclonal population systems, and number and species of studied frogs. HPS — hemiclonal
population system, R — P. ridibundus, E — P. esculentus, L — P. lessonae, p — polyploids, f — females only. HPSs types
described in [10] and [18]. Background map — “Map of Ukraine political simple blank” by Sven Teschke, CC BY-SA 3.0.
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We sacrificed frogs using ETAC and
dissected ovaries with mature oocytes. Tissues
were stored at -20°C. We homogenized 100 pg
of oocytes in 400 ul of water glycerol solution
(1 : 3), centrifuged it for 5 minutes at 13,000
rpm, and then measured the total amount of
protein (280 nm and 205 nm). Electrophoresis
was performed in tris-glycine polyacrylamide
gel (SDS page, 8%) with tris-borate electrode
buffer (TEB, pH 8.3). Specific staining of
LDH allozymes was performed by enzymatic
reaction with calcium lactate for 1.5 hours at
37°C. The staining mixture (50 ml TEB)
contained 80 mg of calcium lactate, 10 mg of
NAD, 5 mg of nitrosine tetrazolium chloride
and 5 mg of phenazine methosulfate.
Identification of allozymes was carried out

based on their migration rate to anode (R
allozymes migrate faster than L). Three P.
ridibundus females were used as a control.
Identification of enzyme activity was
performed with the kinetic UV method [5].
For each frog, we measured only activity once
immediately after the sample had been thawed.
We used nonparametric tests to compare LDH
allozymes and individuals from different HPSs
for protein activity.

RESULTS

Among the 16 analyzed P. esculentus 11
females had L-allozymes of LDH, therefore
were considered to have L genome in their
eggs. Other females (five P. esculentus and
three P. ridibundus) had R-allozyme and
transmitted R genome (Table 2).

Table 1.

Summarized data on all studied female Pelophylax esculentus.
* — females with underdeveloped ovaries. HPS — hemiclonal population system, R — P. ridibundus,
E — P. esculentus, L — P. lessonae, p — polyploids, f — females only

Ne Locality HPS type Taxonomy Ploidy Ggggglgsm L&':t/agl“gg’
1 P. ridibundus 2n R 2.44
2 Pidpesochne lake R-Epf P. esculentus 3n L 1.30
3 P. esculentus 3n L 1.40
4 P. ridibundus 2n R 1.79
5 P. ridibundus* 2n R 1.31*
6 P. esculentus 3n L 1.11
7 Lake in Brusivka R-Epf P. esculentus 3n L 1.66
8 P. esculentus 3n L 1.31
9 P. esculentus 3n L 2.76
10 P. esculentus 3n L 2.83
11 Kharkiv river R-E P. esculentus 2n R 3.18
12 P. esculentus 2n L 1.03
13 | Lower Dobrytskyi pond R-E-Ep P. esculentus* 3n R 1.55*
14 P. esculentus 3n R 2.46
15 ] P. esculentus 2n R 3.16
16 Pisochne lake HER TR esculentus | 2n L 1.36
17 P. esculentus 2n L 2.36
18 Uday river L-E-R P. esculentus 2n R 34
19 P. esculentus 2n L 1.32

Results of measuring LDH activity are summarized in Table 1. The activity of R-allozyme was
about 1.6-fold higher than L-allozyme (p = 0.0475, Fig. 2). Two P. esculentus females from R-E-Ep-
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HPS and R-Epf-HPS transmitting R genome had notably lower LDH activity (p = 0.0455). These
females did not overwinter and had visually noticeable underdeveloped oocytes, which may explain

the lower activity of their LDH.

No significant differences in LDH activity were found between four different hemiclonal
population systems (p =0.1116 and p = 0.7063 for R and L genomes, respectively).
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Fig. 2. Activity of LDH-1 in oocytes of frogs transmitting genomes R and L.

DISCUSSION

Our results show that female hybrid frogs P.
esculentus are able to produce gametes with
genomes of either one or another parental
species. L-E-R-HPSs are widespread in the
Dnipro River basin [19]. The fact that some
hybrids can transmit the L genome and others
— R, is not unexpected and is consistent with
the previous studied on such types of
population systems [8].

R-Epf-HPSs described in [10] consist of
P. ridibundus of both sexes transmitting R
genome and it was hypothesized that triploid
female P. esculentus should transmit clonal
genome L. Our results confirm the proposed
hypothesis: three female P. ridibundus had
R-allozyme of LDH, and therefore transmit R
genome, while seven triploid female P.
esculentus have L-allozyme and produce
gametes with L genome.

The gametogenesis of hybrid females
from R-E-HPSs in the Kharkiv region has not
been studied so far. By analogy with L-E-
CONCLUSION
Our results show that hybrid P. esculentus
females from different types of hemiclonal
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HPSs, we should expect to find gametes with
L genome. However, males in R-E-HPSs can
produce sperm cells with both L and R
genomes [2]. The results of the analysis on
oocytes of one female from R-E-HPS showed
the presence of R-allozyme in oocytes. One
individual is not enough to draw conclusions
about the nature of inheritance in R-E-HPS,
however, this result suggests that such systems
are much more complicated compared to L-E-
HPS, and need further investigation.

The difference in activity of R and L
allozymes of LDH can be explained by the
difference in lifestyle of individuals with RR
and LL genotypes [15]. P. ridibundus are more
related to the aquatic environment, which is
why they are more likely to suffer from
hypoxia compared to P. lessonae, and require
more active oxygen metabolism. P. ridibundus
winters at the bottom of waterbodies and often
suffers from frostbites, while P. lessonae
winters on land, in cavities under tree roots.

population systems can transmit either one or
another parental genome in their oocytes.
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PIBHOMAHITTSI TEHOMIB B OOLHUTAX I'BPUJAHUX 3EJIEHUX /KAB PELOPHYLAX ESCULENTUS
(ANURA: RANIDAE) B TEMIKJIOHAJIBHUX MOMYJIAMIMHAX CUCTEMAX B YKPATHI

®enoposa A., lHladanos /L.

Pelophylax esculentus (remom mo3nauaerses sik LR) e mibkBumoBuMm ribpumom craBkoBoi sxabu Pelophylax lessonae
(rerom LL) i oszepnoi xabu Pelophylax ridibundus (remom RR). Po3mHOeHHS TiOpHiB B THIIOBOMY BHIIAJIKY
BiIOYBA€ETHCS 32 PaxXyHOK KIIOHAIBHOI Iepefadi oAHOro 3 0aThKiBCHKHX TeHOMiB. [10pumu 3a3BHuail CHIiBICHYIOTH 3
omHuM ab0 oOoMa 0aTHKIBCHKAMHU BUJIaMHU B TaK 3BaHUX TeMiKIOHambHHX nomyismiiaux cucremax (I'TIC). T'iopumu
MOXYTb MPOIYKYBaTH TaMeTH 000X OaThKIBCHKUX BHIIB OKpeMO abo ogHovacHO (cymim ramet L i R). [deski riOpumu
TaKOX YTBOPIOIOTH JIUIUIOIAHI TaMeTH Pi3HOr0 T€HOMHOTO CKJIay, CyMill IalUIOIMHKUX 1 JUIUIOIAHUX T'aMeT, a TaKoX
raMeT:d 3 YacTKOBO DPEKOMOIHAHTHHMH TE€HOMaMH. MeTOr0 AOCHiKeHHS Oyio imeHTH(]IKyBaTH THIH TraMmeT, SKi
npoaykyroTh camku P. esculentus 3 ykpaincskux I'TIC nuisixom anamizy aigosumis JIJT-1 3 ix oormrie. OcobnuBy yBary
mu 3ocepemmn Ha nBox tumax ['TIC i3 Oaceliny piuku CiBepchkuii JloHEIb, ¢ raMeTOreHe3 CaMHIlb JETAIBHO He
BuBUaBcs. byno npoanamizoBano 19 camok xab (mrictaammsats P. esculentus i tpu P. ridibundus B sikocTi koHTpOIIO) i3
MECTH Pi3HUX MicueBocTel. ImenTudikamito amozumi JI/II-1 mpoBoamiu 3a MBHAKICTIO 1X Mirparii A0 aHOmy.
InenTHdikamiro akTHBHOCTI epMEHTIB MPOBOAWIH KiHeTHIHUM Y D-MeTonoM. Mu mokasanu, mo ribpuasai camxu 3 R-
E-HPS moxyTh nepeaaBati reHoM R y cBOIX 0oLMTaX i HiATBEPAMIN NPUITYLICHHS, 10 TPUILIOiAHI camku 3 R-Epf-HPS
NIPOJYKYIOTh oouuTH 3 reHomamu L. XKabu 3 R-E-Ep-HPS i L-E-R-HPS nponykysanu oountn 3 reHomamu L a6o R, mo
MiATBEPAMIIO MOTIEPEIHI JTOCIIKSHHS X THITIB HOMYJAIIHHNX cucteM. BumiproBanus aktusHocTi JIJII' mokasaio, mo
aKTHBHICTH R-amnosumy npubimsno B 1,6 pasiB Buma, HDK L-asuto3umy. He BusiBIeHO BiIMIHHOCTEH B aKTHBHOCTI
QIO3UMIB JUIA PI3HUX THITIB TEeMIKIIOHAIEHUX MOMYJISAIITHUX CUCTEM.
Knrouoei cnosa: Pelophylax esculentus, eemiknonanvua nonynayiina cucmema, 2iopuou, LDH-1
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