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Abstract—The molecular structure of the allelic variants of (AAT)n of the Du47D microsatellite locus was
determined in parthenogenetic lizards Darevskia dahli, D. armeniaca, and D. rostombekovi. Comparative
analysis of these alleles showed that they were characterized by perfect structure of microsatellite cluster, and
were different in the number of (AAT) monomeric units, as well as in the combinations of species!specific
substitutions and deletions in the microsatellite flanking regions. Molecular structure of microsatellite clus!
ter, species!specific single nucleotide polymorphism (SNP), and different representation of alleles Du47 in
the samples of parthenogenetic species examined point to the origin of the alleles from different bisexual spe!
cies, which is consistent with the hybrid nature of unisexual species of the genus Darevskia. In addition, these
data reflect different combination patterns of interspecific hybridization events with the participation of the
same bisexual species upon the formation of hybrid genomes of parthenogenetic species. Possible application
of the allelic variants of microsatellite loci of parthenogenetic lizards as the genetic markers for the analysis
of the genomes of parthenogenetic species in the light of evolution, ecology, and parthenogenetic type of
reproduction in vertebrates is discussed.
DOI: 10.1134/S1022795413030113

In recent decade, microsatellites have taken the
lead among different types of genetic markers, includ!
ing population studies, evolutionary genomics, and
biodiversity. The special place occupied by microsatel!
lites among the genetic markers is primarily deter!
mined by their wide representation in the genomes of
prokaryotes and eukaryotes, high evolution rates, and
usually codominant type of inheritance [1]. Further!
more, in recent years, microsatellite markers are
widely used for genetic studies of economically valu!
able, commercial, and rare animal and plant species
[2–5].
Parthenogenetic vertebrate species, including par!
thenogenetic Caucasian rock lizards of the genus
Darevskia, occupy a special place in biodiversity stud!
ies [6, 7]. Based on the allozyme and mitochondrial
DNA analyses, it was demonstrated that seven diploid
(2n = 38) parthenogenetic lizard species of the genus
Darevskia (D. dahli, D. americana, D. unisexualis,
D. rostombekovi, D. uzzelli, D. sapphirina, and D. ben!
dimahiensis) arose as a result of reticulate evolution,
i.e., via hybridization between four ancestral bisexual
species (D. raddei, D. mixta, D. valentine, and
D. portschinskii). Furthermore, hybridization in dif!
ferent combinations of the same parental forms
resulted in the appearance of different parthenoge!
netic hybrid species [8]. Unisex species living under
the same conditions as parental species compete with
them in the zone of sympatry, which can result in the

isolation of bisexual species from one another and lead
to the impossibility of the appearance of new clones
through their hybridization [9, 10]. Populations of
parthenogenetic species are represented by clones,
i.e., groups of identical individuals that originate from
a common ancestor. Clonal reproduction is character!
ized by the absence of combinatorial variations; all
changes are random and probably reflect mutation
processes, which take place in the genomes of parthe!
nogenetic individuals. Thus, these lizard species rep!
resent a unique model for genetic investigations [11–
13]. In the previous study, we examined the Du47D
polymorphic locus (GenBank Ac. no. FJ8044739) in
parthenogenetic species D. unisexualis and in its bisex!
ual parental species D. raddei and D. valentine [14].
In the present study, a system of PCR amplification
with
primers
D47F1
(ACCTCCTAATGAT!
GTTTGACG) and D47R3 (TAAGCAGCTATC!
CTATTTT) was used. In our previous studies, this sys!
tem was used to identify the homeologous locus alleles
in parthenogenetic species D. armeniaca, D. dahli, and
D. rostombekovi. Lizard DNA was isolated using the
standard proteinase K phenol–chloroform procedure.
The samples of D. armeniaca (N = 16), D. dahli (N =
17), and D. rostomnekovi (N = 10) were examined.
Amplification products were separated by electro!
phoresis in 8% native polyacrylamide gel (PAAG) and
visualized by staining with ethidium bromide. Amplif!
icates that differ in electrophoretic mobility were
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Variable regions of Du47D alleles in unisexual species of
the genus Darevskia: D. armeniaca, D. rostombekovi, and
D. unisexualis. Conservative nucleotide regions are desig!
nated by dots; single nucleotide deletions are designated by
dashes; (–∆–) indicates the region of 14 nucleotide dele!
tion. Numbering is given relative to the starting point of
(AAT)n cluster. 1–4. numbers of allelic variants.

sequenced using the ABI PRISM 3100 Avant auto!
mated sequencer (Applied Biosystems, United
States). Nucleotide sequences were aligned using the
ClustalW algorithm implemented in the MEGA 4.0
software program.
Schematic representation of the Du47D allelic
variants of parthenogenetic species D. armeniaca,
D. dahli, and D. rostombekovi, as well as of previously
described alleles of D. unisexualis [14], is given in the
figure.
According to the data obtained, all D. armeniaca
individuals were heterozygous for the Du47D locus.
The locus was represented by three allelic variants that
differ in the microsatellite structure (number of
(AAT)n repeats), as well as in nucleotide substitutions
in the flanking regions. A comparative sequence anal!
ysis of the Du47D alleles in D. armeniaca showed that
two alleles of this locus belonged to one type, which
suggests that they originated from common ancestral
species. At the same time, with respect to its molecular
structure, the third allele belonged to another type and
probably originated from another ancestral species.
Moreover, the third allele was found in all examined
D. armeniaca individuals and was the major allele. The
distribution of the first two alleles was as follows. The
first allele was found in 11 individuals, and the second
allele was found in four out of the 16 individuals exam!
ined. Similarly, it was demonstrated that all D. dahli
individuals examined were the Du47D heterozygotes.
The locus was represented by four alleles that differ in
the number of (AAT) repeat units in the microsatellite
cluster and in nucleotide substitutions in the flanking
regions. In D. dahlia, three Du47D alleles were of one
type, and the fourth allele belonged to another type. It
is suggested that these two allele types originated from
different parental species. The representation of the
alleles in D. dahli sample was different. The fourth
allele was found in all individuals examined and was
one of the major alleles. The third allele was detected
in 14 out of 17 individuals examined and was also con!
sidered to be major allele. Alleles 1 and 2 were revealed
in one or two individuals, and were minor alleles. In
the populations of parthenogenetic species D. ros!
tombekovi, the Du47D PCR products were found to be
electrophoretically monomorphic and represented by
a single allelic variant. Sequencing of PCR products
from the sample of D. rostombekovi showed the pres!
ence of a single allelic variant of 292 bp in size. The
microsatellite cluster of the this allele contained eight
(AAT) repeats. The structure of this allele was consis!
tent with that of the third allele of D. dahli, except for
the species!specific substitution of T for C. The pres!
ence of a single Du47D allele in parthenogenetic spe!
cies D. rostombekovi is thought to be associated with
the absence of the amplification of the second allele in
the system of PCR analysis used. Thus, the present
study was the first to acquire the information on the
molecular nature of the structural variations of Du47D
alleles and their prevalence in parthenogenetic species
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D. armeniaca, D. dahli, and D. rostombekovi. Specific
features of the structural variations of the allele,
including microsatellite clusters and species!specific
SNPs in flanking regions, suggested that, in the hybrid
genomes, they originated from different bisexual spe!
cies. Furthermore, alleles with SNP combinations
that are similar but differ in the number of microsatel!
lite monomeric units identified in different partheno!
genetic species reflected different combination pat!
terns of interspecific hybridization events with the par!
ticipation of the same bisexual species upon the
formation of hybrid genomes of parthenogenetic spe!
cies.
At present, the data on parthenogenetic species
genomics and interspecific variation of microsatellite
loci in unisexual vertebrate is rather scarce. For exam!
ple, the polymorphism of the dinucleotide and trinu!
cleotide loci was examined in the parthenogenetic
mourning gecko Lepidodactylus lugubris [15]. Gardner
et al. [16] reported the isolation and sequencing of six
polymorphic loci containing (AAC)n and (AAAG)n
microsatellites from the parthenogenetic form of the
Australian lizard Menetia greyii. These loci were fur!
ther used for the population analysis of bisexual spe!
cies of the same genus. Eight highly polymorphic
dinucleotide loci were described in the Australian
gecko Heteronotia binoeli, including parthenogenetic
triploid clones formed as a result of hybridization
between two diploid races [17]. In most cases, parthe!
nogenetic species have a hybrid origin [18]. Due to the
specific features of meiosis, specifically the formation
of bivalents from genetically identical sister chromo!
somes, in parthenogenetic species, a high level of fixed
heterozygosity is observed, along with the low level of
genomic variability [19]. For these reasons, microsat!
ellite markers are effectively used to identify possible
parents of unisexual species. However, hybrid specia!
tion is not the only way that parthenogenetic popula!
tions form. For instance, an analysis of 14 microsatel!
lite loci in two parthenogenetic lizard species of the
genus Lepidophyma (L. reticulatum and L. flavimacu!
latum) revealed an extremely low heterozygosity level
of these loci in unisexual lizards L. reticulatum (14.7–
19.3%) along with homozygosity for these loci in
L. flavimaculatum individuals. These data serve as the
first reasonably good evidence of the nonhybrid origin
of parthenogenesis in natural populations of verte!
brates [20]. The authors of the study suggest the spon!
taneous origin of both parthenogenetic species from
the populations of bisexual ancestral species. Micro!
satellite markers are effectively used to study obliga!
tory, as well as facultative, parthenogenesis in verte!
brates [21–23]. For instance, the in female Komodo
dragon Varanus komodensis held in captivity under
conditions of long!term isolation from males, a switch
to asexual reproduction was observed. An analysis of
microsatellite markers in female and parthenogenetic
offspring of Komodo dragons in the London Zoo
revealed homozygosity for all loci and the identity of
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their genotypes [22]. Furthermore, all parthenoge!
netic offspring were represented by males. This repro!
ductive plasticity makes it possible for these species to
survive under the conditions of a considerable popula!
tion decline and/or inability to sexually reproduce. In
addition, it becomes possible for new populations to
form by a single female founder. Similar switch
between the reproduction types was described in the
Burmese python Python molurus bivittatus from the
Amsterdam Zoo [21]. An analysis of seven microsatel!
lite loci and 692 AFLP markers in the female python
and its parthenogenetic offspring (females) revealed
an extremely low level of polymorphism. However, it
should be noted that facultative parthenogenesis
described in all cases as only one type of reproduction
under difficult survival conditions, and did not result
in the formation of a new clonal species.
It has been suggested that the further investigation
of the polymorphism and variations at microsatellite
loci of the parthenogenetic species of the genus
Darevskia will contribute considerably to the under!
standing of fundamental issues, such as the molecular
nature of variations, the origin and evolution of the
genomes of unisexual and bisexual species of verte!
brates, and issues of animal ecology and biodiversity.
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