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Abstract⎯A key issue in the study of unisexual (parthenogenetic) vertebrate species is the determination of
their genetic and clonal diversity. In pursuing this aim, various markers of nuclear and mitochondrial
genomes can be used. The most effective genetic markers include microsatellite DNA, characterized by high
variability. The development and characterization of such markers is a necessary step in the genetic studies of
parthenogenetic species. In the present study, using locus-specific PCR, for the first time, an analysis of
allelic polymorphism of four microsatellite loci is performed in the populations of parthenogenetic species
Darevskia armeniaca. In the studied populations, allelic variants of each locus are identified, and the nucle-
otide sequences of each allele are determined. It is demonstrated that allele differences are associated with the
variation in the structure of microsatellite clusters and single nucleotide substitutions at fixed distances in
flanking DNA regions. Structural allele variations form haplotype markers that are specific to each allele and
are inherited from their parental bisexual species. It is established which of the parental alleles of each locus
were inherited by the parthenogenetic species. The characteristics of the distribution and frequency of the
alleles of microsatellite loci in the populations of D. armeniaca determining specific features of each popula-
tion are obtained. The observed heterozygosity of the populations at the studied loci and the mutation rates
in genome regions, as well as Nei’s genetic distances between the studied populations, are determined, and
the phylogenetic relationships between them are established.

Keywords: parthenogenesis, unisexual and bisexual lizards of the genus Darevskia, microsatellites, allele poly-
morphism, population genetic parameters, phylogenetic relationships
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INTRODUCTION
The discovery of unisexual (parthenogenetic) spe-

cies of lizards by I.S. Darevsky in 1958 posed a number
of general biological issues on the mechanisms of
clonal reproduction and formation of genetic and
clonal diversity, as well as on the origin and evolution
of these forms of vertebrates. Allozyme and mitochon-
drial DNA data analysis showed that parthenogenetic
species of the genus Darevskia, like the vast majority of
unisexual vertebrates, originated from interspecific
hybridization between bisexual species [1].

The genus Darevskia contains seven parthenoge-
netic species, including D. armeniaca. It was demon-
strated that D. armeniaca originated from the hybrid-
ization between the males of D. valentini and females
of D. mixta [2–4]. Moreover, these bisexual parent
species belong to different phylogenetic clades of the

genus Darevskia [2, 4]. Maternal species belong to the
caucasica clade, while paternal species belong to the
rudis clade. Note that phylogenetic factors restricting
the formation of parthenogenetic species are also
described in other lizards [5, 6].

Biogeographic studies showed that D. armeniaca
was distributed in the mountainous regions of Central
Transcaucasia at elevations between 1400 and 2000 m
above sea level [1]. The southern boundary of the
range runs along the northern and northeastern slopes
of the Mount Aragats in Armenia, and the northern
boundary runs along the southern spurs of the Trialeti
Range in Georgia and the northern foothills of the
Lesser Caucasus in West Azerbaijan. D. armeniaca,
like other parthenogenetic species of the genus
Darevskia, is often found in areas that are unfavorable
for the habitation of bisexual forms and adapts rather
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well to new habitats. This is evidenced by the existence
for over 50 years of the introduced population of
D. armeniaca in Ukraine, which is separated from the
main range of this species living in the mountains of
Northern Armenia [7].

Initially, using the allozyme analysis of 35 loci in
75 individuals of D. armeniaca from seven popula-
tions, three clones were detected, including one major
clone found in five populations and two rare clones.
However, unlike other parthenogenetic species of this
group, one of the rare clones comprised most individ-
uals of the same population (Papanino, 19 out of
27 animals), and in another population (Kuchak),
16 of the 22 studied lizards belonged to a rare clone.
More recent studies using additional population sam-
ples revealed the existence of four allozyme clones in
D. armeniaca, two of which were major, and other two
were minor [8–10]. New information on the genetic
and clonal diversity of D. armeniaca can be obtained
by using more effective markers such as microsatellite
DNA. The first step in this direction is the identifica-
tion and molecular genetic characterization of the
allelic variants of the loci containing microsatellite
DNA in the populations of this species.

This study presents data on cloning, sequencing,
and genetic characterization of the alleles of Du215,
Du281, Du323, and Du47G microsatellite loci in par-
thenogenetic species D. armeniaca. In addition, on the
basis of these data, the genetic estimates of the studied
populations and the parameters of the phylogenetic
relationships between them were obtained.

MATERIALS AND METHODS
The experiments were performed using a collection

of DNA samples of D. armeniaca (127 individuals).
The specimens of parthenogenetic species D. armeni-
aca represented 14 populations from Armenia (Ala-
verdi, n = 3; Artic, n = 18; Kuchak, n = 7; Lchap, n = 1;
Lchashen, n = 1; Megradzor, n = 9; Medved-gora, n =
12; Papanino, n = 4; Pushkinskiy Pass, n = 7;
Semenovskiy Pass, n = 8; Sotk, n = 3; Stepanavan, n =
9; Takyarlu, n = 21; Tezh, n = 8) and one population
from the Ukraine (n = 16). Location of the studied
population is shown in Fig. 1. Monolocus PCR anal-
ysis was carried out with primers designed previously
for the Du215, Du281, and Du323 loci [11] and the
Du47G locus of parthenogenetic species D. unisexua-
lis (F: 5'-GATGGAACGACTCACCTATG-3'; R:
5'-ATACAACCGCAATAACAACAATA-3').

PCR was carried out in a total volume of 20 µL
with 50 ng of genomic DNA as a template using a
GenePak® PCR Core kit (Isogene Lab. Ltd., Russia).
Amplification was run on a Tertsik TP4-PCR-01 four-
channel thermal cycler (DNA-Technology, Russia)
under the temperature conditions described in [11]
(tannealing of the primers for the Du47G locus was
54°С). Amplification products were fractionated on

8% neutral polyacrylamide gel (PAGE), excised from
the gel, and cloned using a pGEM®-T Easy Vector
System I plasmid vector (Promega, United States)
according to the protocol of the manufacturer. DNA
sequencing was performed according to the Sanger
method using a ABI PRISM® BigDye™ Terminator
v. 3.1 reagent kit (GE Healthcare, United States) on
an Applied Biosystems 3730 DNA Analyzer (Applied
Biosystems, United States). DNA sequences were
aligned using the Clustal W algorithm of the MEGA
6.0.6 software program [12]. Heterozygosity of the loci
in populations and the phylogenetic tree parameters
were determined using Web version of the POP-
TREEW software program (http://www.med.kagawa-
u.ac.jp/~genomelb/takezaki/poptreew/index.html). We
used Nei’s distance DA as a measure of genetic dis-
tance, because it is best fitting for treating the micro-
satellite data [13]. The Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) was used
as the clustering algorithm. The bootstrap analysis
with 1000 iterations was used. The phylogenetic trees
were also constructed in the MEGA 6.0.6 software
program. The mutation rate was calculated using the
classical functional relationship between the genetic
distance and time of divergence [14]:

DA = 2µt,

where DA is Nei’s genetic distance, µ is the mutation
rate [number of mutations/generation], and t is the
divergence time [years].

The validity of our application of the formula
should be noted. It is based on a mathematical model
of genetic variability [14] suggesting that populations
diverge because of genetic drift and mutations, which
fully meets the conditions of existence, genetics, and
ecology of parthenogenetic species D. armeniaca,
since these lizards lack combinative variation inherent
in sexual reproduction.

The correlation between genetic distances and geo-
graphical distances was assessed as implemented in the
STATISTICA 7 software program. The Mantel test
and determination of the parameters of regression
relationships of genetic and geographical distances
were performed with 1000 bootstrap iterations in the
Web version of the Genepop 4.2 software program
(http://genepop.curtin.edu.au).

The determined DNA sequences were deposited in
GenBank (GU972533–GU972535; HM070259–
HM070264; HM013992–HM013994; KT070998–
KT071004; GU972553; HM013997; GU972551;
KM573717–KM573727).
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RESULTS AND DISCUSSION

Molecular Nature of the Allelic Polymorphism
of Microsatellite Loci in Parthenogenetic

Species D. armeniaca

The data on the molecular structure and variability
of Du215, Du281, Du323, and Du47G microsatellite
loci in the representatives of parthenogenetic reptile
species Darevskia armeniaca were for the first time
obtained and characterized by using monolocus PCR.
Locus-specific PCR analysis showed that all studied
individuals of D. armeniaca were heterozygous for
microsatellite loci Du215, Du281, and Du323. The
exception was locus Du47G, for which seven homozy-
gous individuals were found. The examined popula-
tions of parthenogenetic species were found to contain
from three to seven alleles depending on the chosen
locus. Table 1 shows structural features of these alleles
in which they differ. It can be seen that the differences

are associated with the structure of microsatellite clus-
ter and single nucleotide variations in f lanking DNA
regions. Earlier, in the analysis of the microsatellite
loci polymorphism in parthenogenetic species D. dahli
and D. unisexualis, a similar type of interallelic varia-
tion was described [15, 16]. It should be noted that
these allelic variations in the DNA structure reflect
the hybrid origin of parthenogenetic species and the
level of heterozygosity of their genomes. Obviously,
the more divergent the individual genomes involved in
the interspecific hybridization, the higher the genome
heterozygosity level will be in a hybrid individual, the
founder of parthenogenetic species, which can be
reflected in the number of single nucleotide allelic
variations and structural variability of microsatellite
DNAs associated with them. However, according to
the balance hypothesis [17, 18], the appearance in
hybrid individuals (founders of parthenogenetic spe-
cies) of the oocytes with unreduced chromosome

Fig. 1. Location of the populations of D. armeniaca in Ukraine and Armenia. (1) Ukrainian population; (2–15) populations from
Armenia: (2) Semenovskiy Pass (shown as black square); (3) Papanino; (4) Lchashen; (5) Tezh; (6) Kuchak; (7) Alaverdi; (8)
Stepanavan; (9) Pushkinskiy Pass; (10) Medved-gora; (11) Artik; (12) Lchap; (13) Takyarlu; (14) Megradzor; (15) Sotk [30].
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number and the transition to clonal reproduction
depend on the level of overall heterozygosity, which
does not exceed certain limits. In the studied popula-
tion sample of D. armeniaca, three Du215 alleles, four
Du281 alleles, three Du323 alleles, and seven Du47G
alleles were identified. With respect to the structural
features of DNA, alleles of microsatellite loci of
D. armeniaca can be divided into three groups accord-
ing to their origin from the parental species or subse-
quent mutational processes.

The data in Table 1 show that all three Du215
alleles have complexly organized microsatellites con-
taining GATA and GACA repeats. In the microsatel-
lite f lanking regions, alleles of this locus contained
single nucleotide substitutions, the combination of
which formed allele-specific haplotypes, T-G-C
(alleles 1 and 2) and A-C-T (allele 3). Accordingly, the
Du215 alleles can be divided into two groups. More-
over, each of the groups is characterized by association
with microsatellites of specific structure.

The Du281 alleles differ both in the structure of
microsatellite cluster and in single nucleotide varia-
tions at fixed positions outside the cluster, according
to which they can also be divided into two groups. One
group consists of two alleles with a single nucleotide
substitution (T). These alleles differ in the structure of
associated complexly arranged (GATA)n microsatel-

lites. The third and fourth alleles form a second group,
which has another single nucleotide variation (C) and
the associated simple (GATA)n microsatellite.

The Du323 alleles differ in two independent micro-
satellite clusters, (AC)n and (GATA)n, as well as in a
combination of single nucleotide variations at fixed
positions outside microsatellites, forming two groups
of haplotypes (C-T and A-C). Moreover, alleles with
haplotype C-T contain the (AC)6 microsatellite clus-
ter, while the allele with haplotype A-C contains the
(AC)5 cluster. In this case, there is also the association
of certain haplotypes and microsatellites.

The Du47G alleles are divided into three groups.
The first group contains two alleles with identical sets
of single nucleotide variations, the combination of
which forms haplotype T-A-G-T. The second group
consists of four alleles having a different set of single
nucleotide variations (haplotype T-T-C-A). The third
group is formed by a single allele with haplotype A-A-
G-A. Interestingly, all these alleles carry microsatellite
clusters with similar structural organization, and the
variations are associated with the number of repeats in
the individual units.

It can generally be concluded that the combination
of certain microsatellites and single nucleotide varia-
tions at the fixed distances in the f lanking DNA can be
considered as a single haplotype. This haplotype is

Table 1. Structural differences in the alleles of Du215, Du281, Du323, and Du47G microsatellite loci in parthenogenetic
species D. armeniaca

* In brackets are the distances in base pairs; (–) and (+), upstream and downstream of microsatellite cluster.

Allele Length, 
bp Sequence of microsatellite cluster Fixed nucleotide substitutions

at f lanking sequences*

Du215(arm)1 236 5' (GACA)(GATA)8(GACA)5(GATA)(GCAA) 3' T (–61), G (–41), C (–22)
Du215(arm)2 232 5' (GACA)(GATA)7(GACA)5(GATA)(GCAA) 3' T (–61), G (–41), C (–22)
Du215(arm)3 192 5' (GATA)5 3' A (–61), C (–41), T (–22)
Du281(arm)1 229 5' (GGTA)(GATA)10(GAT)(GATA)(GGTA)2(GAT)(GATA)4 3' T (+15)
Du281(arm)2 225 5' (GGTA)(GATA)9(GAT)(GATA)(GGTA)2(GAT)(GATA)4 3' T (+15)
Du281(arm)3 187 5' (GATA)9 3' C (+15)
Du281(arm)4 183 5' (GATA)8 3' C (+15)
Du323(arm)1 215 5' (AC)6…(GATA)11(GAT)(GATA)2TAT(GA)4 3' C (–23), T (+28)
Du323(arm)2 211 5' (AC)6…(GATA)10(GAT)(GATA)2TAT(GA)4 3' C (–23), T (+28)
Du323(arm)3 184 5' (AC)5…(GATA)(GGT)(GATA)3(GAT)(GATA)TAT(GA)4 3' A (–23), C (+28)
Du47G(arm)1 188 5' (GATA)10(GACA)4(GATA)2GAT(GATA)2 3' T (+7), A (+21), G (+52), T (+56)
Du47G(arm)2 184 5' (GATA)9(GACA)4(GATA)2GAT(GATA)2 3' T (+7), A (+21), G (+52), T (+56)
Du47G(arm)3 176 5' (GATA)11(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(arm)4 172 5' (GATA)10(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(arm)5 168 5' (GATA)9(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(arm)6 164 5' (GATA)8(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(arm)7 152 5' (GATA)2(GACA)(GATA)4GAT(GATA)2 3' A (+7), A (+21), G (+52), A (+56)



476

RUSSIAN JOURNAL OF GENETICS  Vol. 53  No. 4  2017

GIRNYK et al.

Table 2. Structural differences in the alleles of Du215, Du281, Du323, and Du47G microsatellite loci in bisexual species
D. mixta and D. valentini

* Designations are as in Table 1.

Allele Length, 
bp Sequence of microsatellite cluster Fixed nucleotide substitutions

at f lanking sequences*

Du215(mix)1 232 5' (GACA)(GATA)7(GACA)5(GATA)(GCAA) 3' T (–61), G (–41), C (–22)
Du215(val)1 192 5' (GATA)5 3' A (–61), C (–41), T (–22)
Du281(mix)1 225 5' (GGTA)(GATA)9(GAT)(GATA)(GGTA)2(GAT)(GATA)4 3' T (+15)
Du281(mix)2 221 5' (GGTA)(GATA)8(GAT)(GATA)(GGTA)2(GAT)(GATA)4 3' T (+15)
Du281(val)1 199 5' (GATA)12 3' C (+15)
Du281(val)2 195 5' (GATA)11 3' C (+15)
Du281(val)3 191 5' (GATA)10 3' C (+15)
Du281(val)4 187 5' (GATA)9 3' C (+15)
Du281(val)5 183 5' (GATA)8 3' A (+15)
Du323(mix)1 184 5' (AC)5…(GATA)(GGT)(GATA)3GAT(GATA)TAT(GA)4 3' A (–23), C (+28)
Du323(val)1 220 5' (AC)6…(GATA)15GAT(GA)4 3' C (–23), T (+28)
Du323(val)2 216 5' (AC)6…(GATA)14GAT(GA)4 3' C (–23), T (+28)
Du323(val)3 211 5' (AC)6…(GATA)10GAT(GATA)2TAT(GA)4 3' C (–23), T (+28)
Du323(val)4 211 5' (AC)6…(GATA)5(GACA)(GATA)4GAT(GATA)2TAT(GA)4 3' C (–23), T (+28)
Du323(val)5 164 5' (AC)6…(GATA)5GAT(GATA)2TAT(GA)4 3' C (–23), T (+28)
Du323(val)6 188 5' (AC)6…(GATA)4GAT(GATA)2TAT (GA)4 3' C (–23), T (+28)
Du47G(mix)1 168 5' (GATA)9(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(mix)2 152 5' (GATA)2(GACA)(GATA)4GAT(GATA)2 3' A (+7), A (+21), G (+52), A (+56)
Du47G(val)1 212 5' (GATA)5(GAT)(GATA)14(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(val)2 181 5' (GATA)16(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(val)3 177 5' (GATA)15(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(val)4 173 5' (GATA)14(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(val)5 169 5' (GATA)13(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(val)6 165 5' (GATA)12(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)
Du47G(val)7 161 5' (GATA)11(GACA)(GATA)GAT(GATA)2 3' T (+7), T (+21), C (+52), A (+56)

specific to each allele and depends on its origin
(maternal or paternal bisexual species), and the addi-
tional allele variability is associated with microsatellite
mutations that may occur under clonal reproduction.

Most microsatellite DNAs were found to contain
imperfect inserts, like GAT, GGT, and GGTA. These
inserts could be the result of a reading frame shift for
an incomplete monomer unit, or recombination
events, or mutations like transitions and transversions
[19, 20]. Allelic differences associated with the
changes in the number of repeats in a microsatellite
cluster can be explained by the effect of DNA poly-
merase slippage during the process of DNA replica-
tion [21–23]. Most of these changes in D. armeniaca
match the stepwise mutation model of microsatellite
DNA [24] or its modified version [25]. Obviously, the
analysis of microsatellite DNA interallelic differences

in parthenogenetic species should take into account
not only their inheritance from different bisexual spe-
cies but also possible mutations under clonal repro-
duction. In our earlier studies, microsatellite muta-
tions were identified in the first generation progeny of
parthenogenetic lizards D. unisexualis [26]. These
mutations occurred at the early stages of embryogene-
sis as either microsatellite deletions or insertions and
were detected in one or both alleles of the locus. No
single nucleotide mutations were found outside the
microsatellite.

Determination of Parental Alleles
in Parthenogenetic Species D. armeniaca

As noted above, parthenogenetic species D. arme-
niaca originated from interspecific hybridization
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between bisexual species D. mixta (maternal species)
and D. valentini (paternal species) [3]. Hence, allelic
variants of the studied loci in D. armeniaca were inher-
ited from the corresponding parental species. To
determine which of these alleles has either paternal or
maternal origin, we isolated and sequenced alleles of
the homeologous loci from a number of individuals of
parental species.

Table 2 shows the nucleotide sequences of differing
allele regions of four homeologous loci from parental
species. It can be seen that alleles of bisexual species
are quite diverse in structure of microsatellites and
contain single nucleotide variations outside microsat-
ellites. By a combination of these variations and spe-
cific microsatellite structure, it can be determined
from which parental species a particular allele of each
locus was inherited by parthenogenetic species. For
instance, in the Du215 locus, alleles with haplotype
T-G-C are inherited from maternal species D. mixta,
and the allele with haplotype A-C-T was transferred
from paternal species D. valentini. Alleles with variable
nucleotide T of the Du281 locus of parthenogenetic
species were inherited from maternal species, and
alleles with nucleotide C were inherited from paternal
species. At the Du323 locus of parthenogenetic spe-
cies, alleles with haplotype C-T were inherited from
paternal species D. valentini, and the allele with haplo-
type A-C was inherited from maternal species
D. mixta. At the Du47G locus, alleles with haplotype
A-A-G-A were inherited from maternal species, while
those with haplotype T-T-C-A were inherited from
paternal species. Parental alleles with haplotype T-A-
G-T were not identified, which can be indicative of a
divergence that occurred at this locus in parthenoge-
netic species or an insufficient number of investigated
parental animals.

Genetic Characterization
of the Populations of D. armeniaca

Table 3 shows the allele distribution of four micro-
satellite loci in the populations of D. armeniaca. It can
be seen that the populations differ in the allele fre-
quencies and the combinations of certain alleles.
Alleles Du215/2 and Du215/3 are uniformly distrib-
uted in all populations. Allele Du215/1 was found to be
rare and was detected only in two populations. Among
the alleles of the Du281 locus, two alleles were widely
represented in all or most of the populations
(Du281/2,4) and were found in many individuals. Two
other alleles Du281/1,3) were rare and found only in
some populations. At the same time, Du281/3 was the
main allele in the population from Ukraine and was
found almost in all individuals from the Semyonov
Pass population. The Du323 locus in all populations
was represented by two alleles, Du323/3 and Du323/2.
Allele Du323/1 was rare and it was present in most of
the individuals from the Megradzor population and
only in two individuals from the Ukrainian popula-
tion. Alleles Du47G/2,5 were found in many individ-
uals from all or most of the populations. Other allelic
variants of the locus were rare. Alleles Du47G/6,7
were found in single individuals only in a polymorphic
population of Artik. The analysis showed that the
highest number of alleles and their combinations was
detected in the individuals from Artik population and
the Ukrainian population. At the same time, the Tezh
and Takyarlu populations were the most genetically
homogeneous.

The heterozygosity levels of the loci in the exam-
ined populations are demonstrated in Table 4. It can
be seen that the mean heterozygosity in the popula-
tions of D. armeniaca was 0.627 (± 0.023). It is import-
ant to note that the heterozygosity of microsatellite-
containing loci in the populations of various species of
lizards shows a wide range of variation. For example,
in the populations of Reeves’ butterfly lizard (Leiolepis
reevesii) distributed in Southeast Asia, the observed

Table 4. Heterozygosity of Du215, Du281, Du323, and Du47G loci in the populations of parthenogenetic species D. arme-
niaca
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Du323 0.600 0.514 0.538 1.000 1.000 0.621 0.522 0.571 0.538 0.533 0.600 0.529 0.512 0.533 0.573
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Mean 0.617 0.562 0.555 1.000 1.000 0.552 0.540 0.598 0.566 0.540 0.667 0.587 0.512 0.533 0.579
SE 0.042 0.048 0.016 0 0 0.023 0.018 0.027 0.027 0.019 0.067 0.042 0 0 0.017
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heterozygosity ranges from 0.160 to 0.954 [27], and in
the population of South American lizard Liolaemus
fitzingerii, it varies from 0.311 to 0.956 [28]. It should
be noted that, at a low number of alleles per locus, the
level of observed heterozygosity in the population
decreases. For instance, in Mongolian racerunner
(Eremias argus), with the mean number of alleles per
locus of 2.463, the heterozygosity is 0.398. In the pres-
ent study, the number of alleles per locus is 2.380
(± 0.293), and the heterozygosity value is quite high.
Analysis of the genetic population data from the liter-
ature shows that the rarity of lizard species, as well as
the small number of samples in general, does not
affect the level of the population heterozygosity and
the range of its scattering. For example, in legless liz-
ards of the genus Anniella, a rather high level of hetero-
zygosity, ranging from 0.438 to 0.938, was observed
[29]. Most likely, the heterozygosity level of the popu-
lations of D. armeniaca presented in this study is deter-
mined by the hybrid nature of the genome and other
hereditary phylogenetic factors. For instance, the evo-
lutionary parental (paternal) species of D. valentini,
examined with the recruitment of homeologous
genomic loci, shows a similar level of heterozygosity,
averaging 0.525 (± 0.052) [30].

The Ukrainian population of D. armeniaca
deserves special interest, since it originated from the
introduction in 1963 of 129 individuals from the
Armenian population of Semenovskiy Pass in Zhyto-
myr oblast of Ukraine into the canyon of the Teterev
River [7]. Despite the death of most of the immigrants
during the first wintering, by 1998 the population was
successfully restored in number [31]. Indeed, the data
in Table 3 show that all alleles of the Semenovskiy Pass
population from Armenia are detected in the

Ukrainian population. In particular, this concerns the
rare allele Du281/3, which is unique, i.e., being
detected only in the Semenovskiy Pass population and
the Ukrainian population.

Given the time of the introduction of the popula-
tion of Semyonovskiy Pass to Ukraine, it is possible to
establish the divergence time between these popula-
tions. The total time of the isolated existence of these
populations is 38 years. Using the classical functional
relationship between genetic distance and time of
divergence [14], it is possible to calculate the mutation
rate at the examined loci, which is

µ = DА/2t = 0.031/(2 × 38) = 4.08 × 10–4 
[mutations/generation].

The above data show that, in the genome of
D. armeniaca, the mutations affect on average one unit
per every 2500 units of tetranucleotide microsatellite
cluster per one generation (these lizards reproduce
once a year). The mutation rate calculated in the pres-
ent study generally corresponds to that of the micro-
satellite-containing loci of other vertebrate species.
For example, for swine di-, tri-, and tetranucleotide
microsatellite loci, the average mutation rate per gen-
eration equals 7.52 × 10–5, and its values within the
95% confidence interval vary from 1.78 × 10–4 to 2.97 ×
10–5 [32]. In the study analyzing the mutation rate at
dinucleotide microsatellites in fishes, the values of this
parameter are slightly higher, averaging 5.56 × 10–4

[33]. The data on Nei’s genetic distances and diver-
gence time calculated on their basis between the pop-
ulations are presented in Table 5, and the phylogenetic
tree of the populations of D. armeniaca is shown in
Fig. 2. On the basis of the above model, it is not possi-

Fig. 2. Phylogenetic tree of the populations of D. armeniaca constructed on the basis of Nei’s DA using the UPGMA clustering
algorithm with ∼1000 bootstrap iterations.
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ble to correctly establish the divergence time between
the Ukrainian population and Armenian populations
of D. armeniaca. This model does not take the anthro-
pogenic influence into account (artificial introduction
of the species in a new ecosystem). The divergence
time between the Ukrainian population and the Semy-
onovskiy Pass population was established empirically,
as described above. This time was inserted in the cor-
responding field of Table 5, while the other cells of this
column were marked by dashes. The data in Table 5
and Fig. 2 indicated that the minimum divergence
time, equal to 11 years, was observed between the
Kuchak population and Lchap, Lchashen, Takyarlu,
Tezh populations. The maximum divergence time,
equal to 248 years, was observed between the
Semenovskiy Pass and Artik populations. It should be
noted that the correlation between geographical dis-
tances and genetic distances was weak. The Pearson
correlation coefficient was r = 0.2606 at P = 0.0126.
The regression equation Fst/(1 – Fst) = a + bln (geo-
graphical distance), assessed using the Mantel test on
the basis of 1000 bootstrap iterations, showed the val-
ues of coefficients a = –0.512914, b = 0.0203981.
Moreover, the probability that the calculated correla-
tion could be higher was equal to zero. The lack of the
correlation between geographical distances and
genetic distances may be associated with the high
mutation rate at the marker loci, given that the
changes in these genomic regions occur much faster
than the changes in population ranges, as well as with
environmental and genetic characteristics of these ter-
ritorial parthenogenetic animals.

Thus, in the present study, for the first time, allelic
variants of four genomic microsatellite loci of parthe-
nogenetic species D. armeniaca were identified,
cloned, and sequenced. The molecular nature of
allelic polymorphism of the examined loci was deter-
mined, as well as the allele distribution patterns in the
populations of D. armeniaca, and the population
genetic parameters were estimated. The data obtained
can be used in determining the clonal structure of
D. armeniaca, in studying the phylogenetic relation-
ships between parthenogenetic species and the other
members of the genus Darevskia, and in evaluation of
the divergence level of these species.
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