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IMMUNOGENETIC ANALYSIS OF HYBRID POPULATIONS OF THE GREEN FROG
COMPLEX PELOPHYLAX ESCULENTUS-RIDIBUNDUS OF THE FAUNA OF UKRAINE
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For purposes of unravelling the development of the hybrid complex Pelophylax esculentus-ridibundus an immu-
nogenetic method of skin transplantation was applied for assessing the variability of hybrids and parental spe-
cies according to levels of expressed histocompatability. Animals from the different types of hybrid systems
known in Ukraine were studied. For allodiploid hybrids dominance of genes of major histocompatibility complex
of frog edible was established
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1. Introduction and review of the literature

The Western Palearctic green frog Pelophylax
esculentus-ridibundus complex for about 50 years has
been a model for studying the structure of hybrid verte-
brate groups and processes that accompany them. This
continued interest is due to the hybridization of species
of green frogs, which easily occurs in vivo. These species
have a well defined morphological and genetic hiatus,
whereas the hybrids are featured by an alloploid structure
of the genome [1].

Numerous studies have shown that the stable
allodiploid structure of the hybrids is maintained by the
elimination of the genome of one of the parental species
at the premeiotic stage. Subsequently the genome of the
other parental species is inherited without recombina-
tion [2]. This particular type of reproduction has been
has been named as “hemiclonal”. Features of premeiotic
elimina-tion and, consequently, the structure of hybrid
popula-tions have a geographic mosaic. Accordingly,
hybrids in different parts of the range may be diploid or
triploid [3]; only females [4] or vice versa males [5, 6],
and may have a similar to the parental species equal sex
ratio [7]. Finally, hybrids can produce gametes of the
same type, in which case they contain only one genome
of the parental species [8] or two [9]. The elimination
of genes can affect both the edible and marsh frog [5].
Features of the hybrids even within one area are largely
determined by the structure of hybrid populations and
the pattern of cross-breeding. Almost all such cases of
diverse hybrid po-pulations have been recorded in
Ukraine [10]. The reason for this heterogeneity is most
likely the spatial genetic differentiation of the parental
species, which in its scope can match a taxonomically
significant level [11].

A promising study of this issue can be accom-
plished by using methods which can characterize variable
portions of genome. This is because they provide a better
insight into the differentiation of populations and species,
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as well as allow for distin-guishing between genetically
close individuals. Rather than taking into account indi-
vidual loci, we consider the research would be more ap-
propriate by carrying out an immunogenetic analysis in-
volving the major histocom-patibility complex, which is
of polygenic nature (due to multiple non-allelic closely
linked genes whose protein products are of similar struc-
ture and perform identical functions) and highly poly-
morphic because of the presence of many allelic forms of
the same gene. Up to now this method has not lost its
value in successfully determining the genetic identity of
individuals.

Amphibians are proved to possess a major his-
tocompatibility complex homologous to warm-bloo-ded
animals, and, therefore, can display rejection reac-tions
of the immediate type, allowing the study of population
structures involving immunogenetic methods of tissue
transplantation [12]. In green frogs the number of alleles
of the major histocompatibility complex (MHC) is one of
the largest among amphibians, so the method of trans-
plantation in this case has a potential for a high resolu-
tion [13]. In addition, another important advantage of this
method is the ability to not cause any damage to frog
populations as far as the studies are conducted in vivo.

2. Goal

The goal was to identify the particular structure
of hybrid populations and hybrids of the complex of
green frogs Pelophylax esculentus-ridibundus in
Ukraine, using immunogenetic methods of skin trans-
plantation. The objectives of the study were to: find out
for the allodiploid hybrids the parent species responsible
for providing the dominant set of MHC genes, estimate
the distance between the parental species and the hybrids,
determine whether the genome elimination related to the
hybrid is linked with the dominance of the major histo-
compatibility complex genes of the marsh or either the
edible frog.
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3. Materials and research methods

3. 1. Materials

Experiments were conducted on the European
green frog hybrid complex Pelophylax esculentus-
ridibundus: P. ridibundus - marsh (R), P. esculentus - edible
(L), as well as hybrid allodiploid forms of P. esculentus-
ridibundus (E) from various population systems. In particu-
lar: REL — marsh, edible and hybrids, RE — marsh and hy-
brids, LE — edible and hybrids, E — only hybrids.

Selection of the studied localities was concentrated
on zones where hybridization of green frogs occurs.

Middle Dnipro Basin. Populations: REL (Novo-
bilychy, vicinity of Kyiv); LE (Baryshivka, Kyivska Oblast,
Nizhyn, Chernihivska Oblast) and L (edible frog) (Lisnyky,
Kyivska Oblast).

Lower Danube. RE population (Vylkove, Ode-
sa Oblast).

Transcarpathian Lowland. RE population (Tseh-
livka, Zakarpatska Oblast); E population; Minay
(Zakarpatska Oblast, vicinity of Uzhhorod).

Siverskiy Donets Basin. RE population (Haydary,
Kharkivska Oblast).

A total of 603 mature individuals of the green frog
complex Pelophylax esculentus-ridibundus were studied.
This number included 168 marsh frogs, 160 edible frogs,
275 hybrids. After the experiments, the animals released to
their natural habitat.

3. 2. Research methods.

Morphological analysis: was applied for the pre-
liminary identification of individuals belonging to a par-
ticular species or hybrid. We used features having the
greatest diagnostic value [6].

The method of transplantation of skin graft. As a
basis we chose the classic method of tissue trans-
plantation, designed for tadpoles of R. catesbeiana and
modified for frogs, which completed metamorphosis [14].
After sorting the frogs on grounds of the morphological
analysis and a two-week adaptation period, allo- (the ex-
change of grafts between animals of one species) and xen-
otransplantation (the same between animals of different
species) was carried out. Autografting served for control.

Xenotransplantation studies focused on the reac-
tion of the parental species towards the hybrid and the
hybrid towards the parental species (Fig. 1).

Fig. 1. Exchange of grafts between the frogs in the
xenotransplantation experiments: 1 — marsh frog;
2 — edible frog; 3 — hybrid

A total of 1206 operations were accomplished.
Of these 420 were allotransplantations, 758 — xeno-
transplantations, and 28 — autotransplantations.

Generally the transplant response is estimated at
a qualitative level. The criteria are the beginning and end
of destructive changes. We have introduced a quantita-
tive assessment of the response in points [15]. The exper-
imental results were evaluated according to the following
parameters: length of the latent phase of graft survival
time and the rate of rejection. The length of the latent
phase is the time (in days) from the date of the surgery to
the date of recording of the first manifestations of rejec-
tion. The time length of graft survival is the number of
days from the day of the operation to the day of complete
rejection. The rejection rate corresedibles to the regres-
sion coefficient describing temporal changes in the mean
reaction strength (in points) for each particular experi-
mental group.

Biochemical gene marking. After the immuno-
genetic studies there was a need to verify the composi-
tion of the experimental groups of green frogs. For this
purpose genetic identification was conducted by using
the method of electrophoresis in 7.5% polyacrylamide
gel. The diagnostic for frogs locus lactate dehydrogenase
(Ldh-B) was chosen for the analysis [16]. Samples were
taken of the distal phalanx of a digit with a small piece of
flipper one of the hind limbs.

Statistical analysis of the data. All received
transplantation data were digitized, put into spreadsheets
(Microsoft Excel v. 9.0.) and processed in Statistica for
Windows v. 6.0.

4. Results

For all types of transplantations (except for au-
totransplantations in which grafts are fully accepted by
the recipient) grafts undergo the same stages of the pro-
cess [15].

4. 1. Peculiarities of the rejection response
under allotransplantation. The allotransplantation re-
sponse in populations of the REL type

This population system includes two parental
species and the hybrid. The process of recognition of for-
eign antigens of the major histocompatibility complex of
green frogs for all three genetic forms follows a common
pattern: from engraftment to complete rejection. The dif-
ferences relate to the rate of recognition of "self-
belonging — alien." For the hybrids the duration of the lag
phase exceeds that of the marsh and edible frogs
(Table 1). At the same time, the rate of the reaction as a
whole, taking into account the graft survival time and da-
ta regression analysis, is higher in the hybrids.

Biochemical gene marking found that hybrids of
this population system could be divided into allodiplod
hybrids of F; structure and recombinant hybrids. The re-
sults showed that according to the allogenic variability of
transplantation antigens different genetic forms of the
hybrids are at a similar level. This is evidenced by the
almost same duration of the latent phase and its coeffi-
cient of variation, but the allograft survival time and the
reaction rate significantly differs between the two groups
of hybrids (Table 2).
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Table 1

Results of the allotransplantation in green frog hybrid complex P. esculentus-ridibundus of the REL type of population

. . - P. esculentus-
Species/hybrid P. ridibundus P. esculentus ridibundus
Options for transplantation RyoRy Lol ExoE,
Number of allografts 12 19 14
Mean duration of the lag phase, days 17,583+0,981 20,053+1,115 23,143+1,309*
min — max 10-22 11-29 16-27
CcV 19,320 24,231 21,160
Mean time of graft survival, days 63,222+6,920 62,632+5,641 54,417+3,615
min — max 29-94 34-97 41-83
CcV 32,835 39,258 22,989
Rejection rate, regression coefficient 0,075+0,004 0,068+0,006 0,095+0,009*
Note: * — differences are statistically significant.
Table 2
Results of allotransplantation in different genetic forms hybrids of the REL type of population
Hybrids N Melan duration of the cvV Mean t_ime of graft Reaction rate
ag phase, days survival, days
Allodiploids 30 15,30+0,32 28,24+1,98 34,27+0,92* 0,163+0,014*
Recombinants 12 16,08+0,57 28,29+3,28 40,17+1,31* 0,180+0,013*

Note: n — number of grafts; * — differences are statistically significant

Experiments involving allotransplantation in the
green frog complex P. esculentus-ridibundus of the REL
system type of population showed that the parental spe-
cies P. ridibundus and P. esculentus are variable in terms
of antigens of major histocompatibility complex. The in-
terspecific hybrid differs considerably by a less amount
of variability of the relevant antigens, which is character-
istic for different genetic forms of hybrids of this type of
population system.

The allotransplantation response in popula-
tions of the RE type.

This population system consists of the marsh
frog and the hybrid. The investigated samples of the
green frogs were taken in channels of the Danube Delta.
The principal difference between this population and

other populations of the RE type is the elimination of the
chromosome set of the marsh frog during the formation
of gametes [11]. Allotransplantation results showed that
RE population system type is characterized by the same
pattern as the REL populations of the Middle Dnipro: the
allograft rejection in hybrids begins later than in marsh
frogs (Table 3).

The conducted immunogenetic analysis of the
hybrid complex P. esculentus-ridibundus of the RE type
population system of the Danube Delta has revealed dif-
ferences between the marsh frog and the hybrid in terms
of heterogeneity of the histocompatibility antigens. The
delay in the recognition of foreign antigens in hybrids,
compared with the marsh frog, shows a decline in their
genetic diversity.

Table 3
Results of allotransplantation in the green frog hybrid complex P. esculentus-ridibundus in the RE type of population
Year 2002 2003

. . - P. esculentus- - P. esculentus-
Species/hybrid P. ridibundus ridibundus P. ridibundus ridibundus
Options for transplantation Ry©Ry E.oE, RyxRy ExoE,
Number of allografts 9 12 66 8
Mean duration of the lag phase, days 13,40+0,65* 19,09+0,84* 17,11+0,43* 20,63+0,63*
min — max 11-15 15-25 11-22 20-25
CV 15,94+3,16 15,45+3,15 18,86+1,49 8,58+5,16*
Mean time of graft survival, days 25,11+2,50 29,50+0,58 36,97+0,71 45,63+3,19
min — max 13-32 27-32 22-55 34-55
CcVvV 29,90+5,92 * 6,86+6,02 * 15,52+3,22 14,65+11,4
Rejection rate, regression coefficient 0,16+0,02 * 0,26+0,01 * 0,12+0,01 * 0,15+0,02 *

Note: * — differences are statistically significant.

The allotransplantation response in popula-
tions of the LE type

The population system consists of the edible
frog and hybrid. The results of the transplantation
tests show a difference between hybrids of the LE
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system type compared with hybrids of REL and RE
types. The degree of their genetic diversity related to
the genes of the major histocompatibility complex is
higher than that of the parent edible frog species
(Table 4).
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Three populations of the LE type have been
studied. Of these two populations are typical (Bary-
shivka and Nizhyn). As for the frogs from Minay, they
have been considered to be a unisexual hybrid popula-

tion featured by a clonal type of reproduction. Our
immunogenetic studies have refuted this assumption
[17]. Later on it was found that this population also
belongs to the LE type.

Table 4
Results of allotransplantation in the green frog hybrid complex P. esculentus-ridibundus of the LE type of population
Locality Baryshivka Nizgyn Minay
Year 2002 2003 2002 2005 2003
Species/hybrid P. esc.-rid. P. P.esc-rid. | P 6SCd | b oace pig, | P-ESCNId | b oo rid,
esculentus (rec) (rec)

Options for

transplantation ExEy Ll Ex<>Ey Ex>Ey ExEy Ex>Ey ExEy
Number of grafts 24 16 20 17 15 16 35
Mean duration of

the lag phase, 15,67+1,58 | 21,56£0,57* | 17,25+0,72* | 15,12+£0,74 | 11,47+0,58 | 11,88+0,66 | 21,86+0,73
days

min — max, days 8-36 15-24 11-22 10-22 8-14 8-16 14-35
CVv 49,27 10,58 18,61 20,11 19,44 22,14 19,76

Note: * — differences are statistically significant between the species and hybrid from one population.

It was found that hybrids in populations from the
Middle Dnipro of type LE (Baryshivka and Nizhyn) are
more variable in terms of the histocompatibility antigens
than the parent species — the edible frog. This makes
them different from hybrids of REL and RE types of
population systems. High variability is characteristic for
allodiploid hybrids with the structure of F; and for re-
combinant hybrids. Hybrids from Minay were less varia-
ble. Their histocompatibility antigen variability does not
differ from that of the edible frog, reflecting the hetero-
geneity of populations of hybrids, even within the same
of population type.

In the LE type from the Middle Dnipro there is a
hemiclonal transmission of the R-genome (genome of the
marsh frog). The L-genome (genome of the edible frog)
each time comes up in a renovated version. Therefore, it
is logical to assume that the level of heterogeneity of hy-
brids in such populations should approach that of the ed-
ible frog. However, a feature of the hybridization pro-
cess in the Middle Dnipro area is the introgression of ge-
netic material of the edible frog into the genome of the
marsh frog, which leads to an increase in its diversity
[16]. The level of recombinant hybrids in populations of
this type is very high (amongst 45 hybrids from Nizhyn
24 were recombinant, meaning 53 % of the sample).
This, in our opinion, can explain the increased heteroge-
neity of hybrids compared to the edible frog in this popu-
lation system. The Transcarpathian population of hybrids

from Minay, by contrast, tends to show a reaction of the
graft rejection similar to that of hybrids from southern
Poland [18].

4.2. Peculiarities of the rejection response un-
der xenotransplantation

The aim of the study was to establish for allodip-
loid hybrids the character of domination of the major
histocompatibility complex genes of the parental spe-
cies. Hybrids on the premeiotic stage show the elimina-
tion of the genome of one of the parental species.
Therefore, a question arises on the effects of different
genomes at the tissue level within a hybrid organism.
We can assume varying degrees of affinity between the
hybrid and the two species of green frogs, the marsh
and edible frogs, meaning that the rejection of xeno-
grafts may be differential.

The xenotransplantation response after trans-
plantations from parental species to hybrids. It was
found that the length of the lag phase of the recognition
by the hybrid of tissue antigens of the parental species
varies. In terms of histocompatibility antigens the hy-
brids exhibit a greater affinity with the edible frog. The
pattern has been set for green frogs from different types of
hybrid populations (REL, RE, LE). The results of the pro-
cess of rejection of xenografts of the marsh and edible frogs
by the hybrids in population systems of different types of
are summarized in Table 5-7.

Table 5

The results of xenotransplantation in the green frog hybrid complex P. esculentus-ridibundus of a REL type of popula-
tion (reaction of the hybrids)

- Donor Mean duration of the lag phase, days
Recipient Year n Min — max, day. M+m CcVv
Hvbrid Marsh 2003 10 12-26 14,60+1,30* 28,2246,31
y 2004 19 12-26 16,53+0,86* 22,57£3,66
. . 2003 8 16-28 24,63+1,78* 3,4140,85
Hybrid Edible 2004 | 18 1528 21,1711,13* 22,7243,79
Hybrid Hybrid 2003 18 16-27 24,33+1,03 18,00+3,00

Note: * — differences between various types of transplantations are significant within the frame of one year
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Table 6

The results of xenotransplantation in the green frog hybrid complex P. esculentus-ridibundus of a RE type of population
(reaction of the hybrids)

. Mean duration of the lag phase, days
Recipient Donor n | Min—max day. | M+m | cv

Sample of RE population from Vylkove, 2004

Hybrid Marsh 15 13-17 14,47+£0,41* 11,06+2,02

Hybrid Edible 15 15-20 17,13+0,52* 11,68+2,13

Hybrid Hybrid 12 15-25 18,75+0,84 15,45+3,15
Sample of RE population from Tsehlivka, 2004

Hybrid Marsh 8 9-14 11,50+0,60* 14,70+3,68

Hybrid Edible 8 16-23 19,88+0,83* 11,87+2,97
Sample of RE population from Haydary, 2005

Hybrid Marsh 26 11-18 13,96+0,41* 14,97+£2,08

Hybrid Edible 26 13-22 16,88+0,44* 13,21+1,83

Note: *— differences between various types of transplantations are significant within the timeframe of one year
Table 7

The results of xenotransplantation in the green frog hybrid complex P. esculentus-ridibundus of a LE type of population

(reaction of the hybrids)

- Mean duration of the lag phase, days
Recipient Donor n [ Min—max day. | M+m | cVv
Sample of LE population from Baryshivka, 2004
Hybrid Marsh 19 8-22 15,37+0,91 25,67+4,16
Hybrid Edible 20 13-20 17,15+0,45 11,72+41,85
Hybrid Hybrid 20 11-24 17,25+0,72 18,61+2,94
Sample of LE population from Nizhyn, 2005
Hybrid Marsh 9 6-16 11,7241,02* 26,06+6,14
Hybrid Edible 9 12-18 15,44+0,87* 16,84+3,97
Hybrid Hybrid 15 8-14 11,47+0,58 20,23+3,69

Note: *— differences are statistically significant within each sample

The xenotransplantion response following
transplantations of grafts from the hybrids to the pa-
rental species. Differences have also been found be-
tween the species in terms of the rate of the rejection of
transplanted from the hybrids grafts (Table 8-10). The
marsh frog perceives hybrid tissue as closely related. For
the edible frog tissue antigens of the hybrid are alien to
the same extent as antigens of the marsh frog. The results
of the exchange of xenografts between the edible and

marsh frogs indicate a different degree of their immuno-

genicity and, as far as in terms of species-specific anti-
gens they are equally alien to each other, the edible frog
rejects the tissue of the marsh frog significantly earlier.
The described trend, as well as the hybrid reaction to-
wards antigens of the parental species, is valid for all
types of studied populations, regardless of their geo-
graphical location and species composition of the hybrid
complex.

Table 8

The results of xenotransplantation in the green frog hybrid complex P. esculentus-ridibundus of a REL type of population

(reaction of the parental species)

. Mean duration of the lag phase, days
Recipient Donor Year 0 Min — max, day. M+m cV

Marsh Hvbrid 2003 12 9-33 23,33+1,78* 26,1945,35

—yorid 2004 18 9-33 22,56+1,21* 22,70+3,78
Edible Hvbrid 2003 9 12-17 14,33+0,60* 12,56+2,96

—yora 2004 15 12-22 15,93+0,83* 20,21+3,69
Marsh Edible 2004 6 20-22 21,33+0,42 4,83+1,39
Edible Marsh 2004 5 14-22 18,40+1,57 19,08+6,03
Marsh Marsh 2003 12 10-22 17,58+0,98* 19,34+3,95
Edible Edible 2003 17 16-29 21,12+0,94* 18,42+3,16

Note: * — differences between various types of transplantations of grafts from hybrids to parental species and within the control

group are significant within the frame of one year
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Table 9

The results of xenotransplantation in the green frog hybrid complex P. esculentus-ridibundus of a RE type of population
(reaction of the parental species)

- Mean duration of the lag phase, days
Recipient Donor n | Min—max day. | l\g/ll i m : | cv

Sample of RE population from Vylkove, 2004

Marsh Hybrid 19 15-27 18,32+0,68* 16,27+2,64

Edible Hybrid 18 13-20 16,06+0,60* 15,88+2,65

Marsh Edible 19 13-27 16,95+0,98* 25,13+4,08

Edible Marsh 19 10-17 14,42+0,48* 14,4942,35

Marsh Marsh 9 11-15 13,22+0,70 15,9443,76
Sample of RE population from Tsehlivka, 2004

Marsh Hybrid 4 16-19 16,75+0,75* 8,96+3,17

Edible Hybrid 7 7-12 10,43+0,78* 19,8545,31

Marsh Edible 4 21-26 22,75+1,18* 10,37+3,67

Edible Marsh 8 7-14 10,00+1,00* 28,30+2,59
Sample of RE population from Haydary, 2005

Marsh Hybrid 27 13-27 18,19+0,87* 24,9043,39

Edible Hybrid 27 11-19 12,52+0,37* 15,26+2,08

Marsh Edible 27 13-27 20,30+0,74* 18,97+2,58

Edible Marsh 25 11-15 11,84+0,23* 9,63+1,36

Note: * — differences between various types of transplantations of grafts from hybrids to parental species and within the

control group are significant within the frame of one year

Table 10

The results of xenotransplantation in the green frog hybrid complex P. esculentus-ridibundus of a LE type of population
(reaction of the parental species)

- Mean duration of the lag phase, days
Recipient Donor n | Min—max, day. | Mipm : | cVv
Sample of LE population from Baryshivka, 2004
Marsh Hybrid 18 8-20 16,67+0,94* 23,82+3,97
Edible Hybrid 20 8-15 11,65+0,61* 23,35£3,69
Marsh Edible 19 11-22 15,90+0,67* 18,24+2,96
Edible Marsh 18 11-15 12,56+£0,41* 14,0142 .34
Edible Edible 16 15-24 21,56+0,57 10,60+1,87
Sample of LE population from Nizhyn, 2005
Marsh Hybrid 9 11-17 12,56+0,63 14,97+3,53
Edible Hybrid 9 6-16 11,11+1,11 29,97+7,06
Marsh Edible 9 12-16 13,78+0,49 10,74+2,53
Edible Marsh 9 6-14 10,56+0,82 23,3045,49
Edible Edible 13 8-16 11,39+0,76 23,88+4,68

Note: * — differences between various types of transplantations of grafts from hybrids to parental species and within the control

group are significant within the frame of one year

6. Discussion of the results

The results of the allotransplantations regarding
the parental species can be considered predictable and
they agree well with those obtained by using other meth-
ods, including morphological analysis and biochemical
gene marking. The marsh frog is an evolutionarily novel,
ecologically plastic species that is featured by a high de-
gree of polymorphism [19]. This is manifested as well at
the tissue level. The short duration of the latent phase
during intraspecific transplantations amongst marsh frogs
shows a high heterogeneity for this species in terms of
transplantation antigens.

The edible frog exhibits reduced, compared to the
marsh frog, allogeneic heterogeneity of antigens of the
major histocompatibility complex; this also is consistent
with conclusions reached by other approaches.

In hybrids heterogeneity of the histocompatibility
locus in general is decreased, as compared to the parental
species. But we must distinguish between diversity within
each individual population (where it can actually be re-
duced) and the diversity of hybrids exemplified by the
origin from different types of populations and habitats.
The source of hybrids clearly divided into two groups: hy-
brids that have arisen de novo as a result of cross breeding
of parental species and hybrids resulting from back cross-
es. The latter group is heterogeneous, its composition is
determined by which genome is eliminated during game-
togenesis. If this is the genome of the edible frog, the hy-
brids are produced by the cross breeding of hybrids — edi-
ble frog, if this is the genome of the marsh frog then hy-
brids are produced by cross breeding with other marsh
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frogs, if no elimination takes place then triploids are
formed. Theoretically hybrid origin should not affect their
biological characteristics, because the elimination takes
place at premeiotic stages and the off-spring should obtain
a “clean” genome. However, this is not the case because
the cross breeding of hybrids does not produce viable off-
spring [20], indicating hybrid dysgenesis and therefore the
genetic structure of first generation of hybrids and hybrids
produced by back-crossing should be different. And this
indeed is manifested, first and for all, in the different sexu-
al structure of hybrids from different geographic locations
and types of population, even within Ukraine [6, 11].

The conducted analysis of the variability of anti-
gens of the major histocompatibility complex also con-
firms the genetic heterogeneity of hybrids from different
types of populations. In a population of the REL type
from the Middle Dnipro the immune response of hybrids
is apparently delayed compared to the parental species.
This may indicate that the level of polymorphism of the
major histocompatibility complex antigens in hybrids is
lower. This can be explained by the fact that hybrids in
this population are formed as a result of sporadic crosses
between either parental species or either hybrids and the
edible frog. Although it is possible that the characteristics
of the immune response by the hybrids is a consequence
of dysgenesis that is revealed, for instance, in the de-
formed sexual structure of the hybrids.

Hybrids from populations of the LE type, in con-
trast to hybrids of the REL type, have a shorter latent
phase compared to the parental species. This indicates a
possible higher intra-population heterogeneity of hybrid
populations of this type in terms of transplantation anti-
gens, which can be explained firstly by the fact that hy-
brids produced by back-crossing, can appear many times,
and mating between males of edible frogs and hybrid fe-
males (due to their ecological and biological proximity)
can occur much more easily than between the parental
species. Secondly, the introgressive nature of hybridiza-
tion, especially characteristic for the Dnipro Basin [16],
leads to the fact that all back-cross hybrids of each con-
secutive generation are gaining a larger share of genes
from the marsh frog, tissues of which (as shown by the
xenotransplantation experiments) have a higher immuno-
genicity.

This difference in the degree introgression can
do much to explain the particular nature of the transplant
response of hybrids from different parts of their home
range. This applies in particular populations of the RE
type from Vylkove. At the first glance, a sharp and sig-
nificant delayed transplantation response in hybrids
compared to mash frogs is quite predictable and confirms
the results from samples obtained in the Dnipro Basin.
But hybrids of the Danube Delta and the Middle Dnipro
are significantly different considering a number of fea-
tures. Firstly, hybrids from Vylkove have an equal sex
ratio, and secondly, they eliminated the genome of the
marsh frog, not the edible frog, and, thirdly, here are no
records of the introgression of nuclear genes [16].

However, the most likely explanation for the
delay of the immune response by the Danube hybrids,
like those from the Middle Dnipro maybe their genetic
relationship. In the wetlands of the Danube the hybrids
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are few in numbers and highly concentrated in chan-
nels, from which they were taken for the study, so the
“founder effect” may be true for them.

Given the allogeneic variability of the hybrids,
which depends on the type of cross breeding and on the
characteristics inherent in different hybrid zones, a
question arises upon the relationship of hybrids to one
or the other parent species at the tissue level, and what
this relationship depends on.

In hybrids from all geographical regions (Dan-
ube wetlands, Transcarpathia, Middle Dnipro, Siversky
Donets basins) there is a clearly faster rejection of
grafts of the marsh frog compared to transplants involv-
ing the edible frog. This does not matter whether the
donor species was taken from one area with the hybrids
or species that was absent in the studied type of popula-
tion was taken from another area.

The geographical location of the population,
which determines the nature of inheritance of the paren-
tal genomes, did not affect the rate of recognition by the
immune system the grafts of the parental species.

It follows that for the hybrids of green frogs
the inheritance of the major histocompatibility complex
genes involves the dominance of the edible frog over
the marsh frog, so at the tissue level hybrids perceive
somatic tissues of edible frogs as related, whereas those
of the marsh frog as alien.

At the same time, based on xenotransplanta-
tion responses of the parental species towards hybrid
grafts, we can conclude that transplantation antigens
of the edible frog have a lower immunogenicity and
marsh a higher one. This is why hybrid grafts were
perceived by the edible frogs as “marsh” and caused a
rapid rejection response, but for the marsh frogs the
hybrid grafts appeared as “edible” immunogentic anti-
gens of weak power.

In this case, the higher affinity of hybrid forms
with the edible frog does not correlate with the trend
towards the elimination of parental genomes in hybrids,
but is consistent with the dominance of morphological
and ecological traits of the edible frog over those the
marsh frog. Thus, not only at the cellular and whole or-
ganism level, but also at the tissue level within the
complex of green frogs a genetic asymmetry of the hy-
brids is observed.

7. Conclusions

1. The green frog hybrid complex Pelophylax
esculentus-ridibundus, namely the marsh P. ridibundus,
edible P. esculentus, as well as allodiploid hybrids P. es-
culentus-ridibundus are characterized by the polymor-
phism of the major histocompatibility complex. The most
variable are species. Hybrids are less variable in terms of
antigens of histocompatibility.

2. The analysis of the variability of major his-
tocompatibility complex antigens also confirms the
genetic heterogeneity of hybrids from different types
of populations.

3. The inheritance of the major histocompati-
bility complex genes by the hybrids of green frogs in-
volves the dominance of the edible frog over the
marsh frog, so at the tissue level hybrids perceive so-
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matic tissues of edible frogs as related, whereas those
of the marsh frog as alien.

4. The greater affinity of hybrid forms with the
edible frog does not correlate in any way with the trend
of elimination of parental genomes in the hybrids, but co-
incides with the dominance of morphological and ecolog-
ical traits of the edible frog over the marsh frog.
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