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INTRODUCTION

Microsatellites (GATA)

 

n

 

 are widely represented in
the eukaryotic genome. The active interest to the
(GATA)

 

n

 

 repeats is related to their high variability in all
eukaryotic organisms studied, including plants, inverte-
brates, and vertebrates (mammals, primates, and
human among them) [1]. However, the issue of the gen-
esis of (GATA)

 

n

 

 loci, which has been under intense
research in bisexual species [2–7], is scarcely studied in
species with the clonal mode of reproduction. Parthe-
nogenetic lizard species, whose genotypes are clonally
reproduced in generations, is a suitable model for
studying variability of hypervariable loci [8, 9].

Earlier, using multilocus DNA fingerprinting we
have for the first time ever examined variability of dif-
ferent types of mini- and microsatellite DNA markers
in four parthenogenetic species of the genus 

 

Darevskia

 

(

 

D. dahli, D. armeniaca, D. unisexualis

 

, and 

 

D. ros-
tombekovi

 

) [10–13]. It was shown that, against the
background of species-specific DNA fingerprinting
patterns, parthenogenetic individuals are genetically

heterogeneous with regard to some microsatellite DNA
markers. Loci of 

 

D. unisexualis

 

 containing microsatel-
lites (TCC)

 

n

 

, (TCT)

 

n

 

, and (GATA)

 

n

 

 proved to be the
most variable. DNA fingerprinting of parthenogenetic
families of 

 

D. unisexualis

 

 revealed high frequency of
mutations at these loci already in the first-generation
progeny [14–16]. Moreover, mutant (GATA)

 

n

 

-finger-
print genotypes in the progeny were also detected in
population samples of 

 

D. unisexualis.

 

 This directly
indicates the mutational nature of genotypic variability
at (GATA)

 

n

 

 loci in 

 

D. unisexualis

 

 populations. At the
same time, the molecular nature and mechanisms of
appearance of these mutations, as well as the level of
allelic polymorphism of microsatellite loci are still
unclear. Apparently, these issues can be clarified using
genetic engineering studies of the variable loci.

In the present work, three (GATA)

 

n

 

-containing loci
of 

 

D. unisexualis

 

 are cloned and sequenced, and
intraspecific polymorphism of their amplification prod-
ucts is examined in 

 

D. unisexualis

 

 and its bisexual
parental species, 

 

D. valentini

 

 and 

 

D. nairensis.
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Abstract

 

—The genesis of mini- and microsatellite loci, which is under extensive study in humans and some
other bisexual species, has been virtually overlooked in species with clonal mode of reproduction. Earlier, using
multilocus DNA fingerprinting, we have examined variability of some mini- and microsatellite DNA markers
in parthenogenetic lizards from the genus 

 

Darevskia

 

. In particular, mutant (GATA)

 

n

 

-restriction DNA fragments
were found in 

 

Darevskia unisexualis.

 

 In the present study, we examined intraspecific polymorphism of three
cloned loci of 

 

D. unisexualis

 

—

 

Du323

 

, 

 

Du215

 

, and 

 

Du281

 

—containing (GATA)

 

7

 

GAT(GATA)

 

2

 

, GAT(GATA)

 

9

 

,
and (GATA)

 

10

 

TA(GATA) microsatellite clusters, respectively. Different levels of intrapopulation and interpop-
ulation variability of these loci were found. Locus 

 

Du281

 

 showed the highest polymorphism—(six allelic vari-
ants in the sample of 68 DNA specimens). Three alleles were found for locus 

 

Du215

 

. The 

 

Du323

 

 locus was
electrophoretically invariant. The primers chosen for loci 

 

Du323

 

, 

 

Du215

 

, and 

 

Du281

 

 were also used for PCR
analysis of homologous loci in two presumptive parental bisexual species, 

 

D. valentini

 

 and 

 

D. nairensis.

 

 The
PCR products of the corresponding loci of the parental species had approximately the same size (~200 bp) as
their counterparts in 

 

D. unisexualis

 

, but the polymorphism levels of the paternal, maternal, and hybrid species
were shown to be somewhat different. These data on the structure of the 

 

D. unisexualis

 

 loci provide a possibility
to study genetic diversity in the parthenogenetic species 

 

D. unisexualis

 

 and other related unisexual and bisexual
species of this genus, which can provide new information on the origin of parthenogenetic species and on the
phylogenetic relationships in the genus 

 

Darevskia

 

. These data can also be used for resolving problems of mark-
ing the lizard genome, which is still poorly studied.
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MATERIALS AND METHODS

Females of 

 

D. unisexualis

 

 were captured in June
2001–2002 in isolated localities of central Armenia in
the natural habitats near settlements of Kutchak,
Lchap, Takyarlu, as well as on the coast of Sevan
Lake (Noraduz Cape, southeastern Sevan Lake, vil-
lage of Zagalu). Nuclear DNA was isolated from liz-
ard blood samples preserved at 4

 

°

 

C in 0.05 M EDTA,
pH 8.8, by standard phenol–chloroform extraction
with the use of proteinase K. The construction of
genomic library of 

 

D. unisexualis

 

 and selection of
clones carrying different microsatellite types has been

described earlier [17]. Sequencing of DNA clones was
carried out using Sanger’s method. Based on the
sequences obtained, primers were chosen for the poly-
merase chain reaction using the Primer Select proce-
dure from the LaserGene package (DNASTAR).
Amplification was conducted in the volume of 20 

 

µ

 

l
containing 1 

 

×

 

 PCR buffer (Dialat); 200 

 

µ

 

M of each
dNTP; 2 mM MgCl

 

2

 

; 400 pM of each primer; and
0.125 U 

 

Taq

 

 polymerase. To the reaction mixture, 40–
80 ng of DNA was added. Amplification was run on a
four-channel thermal cycler TP4-PCR-01 (Tertsik) in
the following temperature regime: denaturation for 3 min
at 94

 

°

 

C; 30 cycles of amplification (1 min at 94

 

°

 

C,
40 s at 48–50

 

°

 

C, 40 s at 72

 

°

 

C); 5 min at 72

 

°

 

C. After
amplification, 5 

 

µ

 

l of a mixture of brome phenol blue
and xylencyanol was added to the mixture. From 5 to
10 

 

µ

 

l of the product was fractionated in 8% native
polyacrylamide gel (PAAG) and visualized by stain-
ing with ethidium bromide.

RESULTS AND DISCUSSION

For studying the molecular nature of (GATA)

 

n

 

allelic polymorphism at microsatellite loci in parthe-
nogenetic species and bisexual parental species, we
have earlier developed a genomic library of 

 

D. uni-
sexualis

 

. By screening of 4000 recombinant clones,
ten clones containing (GATA)

 

n

 

 microsatellites were
selected. Sequencing followed by computer-aided
analysis of three randomly chosen clones (

 

Du323

 

,

 

Du215

 

, and 

 

Du281

 

) confirmed the presence in them
long (GATA)

 

n

 

 clusters (nine to fifteen repeated units)
and showed that these clusters represent different
regions of the lizard genome (Table 1). Taking into

 

Table 1.  

 

Molecular-genetic characteristics of (GATA)

 

n

 

-bearing clones of 

 

D. unisexualis

 

Clone 
(locus)

GenBank 
no.

Insert size, 
bp (GATA)

 

n

 

 cluster Primers (5'–3')*

A
nn

ea
lin

g
te

m
pe

ra
tu

re
, 

 

°

 

C

PCR prod-
uct size, bp

 

Du323

 

AY574977 876 (GATA)

 

7

 

GAT(GATA)

 

2

 

F: AAGCAGACTGTACAAATCCCTA
R: ACTGATCTAAGACAAGGTAAAAT

48 199

 

Du215

 

AY574978 453 GAT(GATA)

 

9

 

F: CAACTAGCAGTAGCTCTCCAGA
R: CCAGACAGGCCCCAACTT

50 216–230

 

Du281

 

AY442143 556 (GATA)

 

10

 

TA(GATA) F: TTGCTAATCTGAATAACTG
R: TCCTGCTGAGAAAGACCA

50 197–212

 

* F, forward primer; R, reverse primer.

 

Table 2.  

 

Population-genetic parameters of 

 

D. unisexualis

 

loci bearing (GATA)

 

n

 

 microsatellite repeats

Popula-
tion

Locus 

 

Du323

 

Locus 

 

Du215

 

Locus 

 

Du281

 

nu
m

be
r

of
 a

ni
m

al
s

nu
m

be
r

of
 a

lle
le

s

nu
m

be
r

of
 a

ni
m

al
s

nu
m

be
r

of
 a

lle
le

s

nu
m

be
r

of
 a

ni
m

al
s

nu
m

be
r

of
 a

lle
le

s

Kutchak 10 1 10 2 10 3

Lchap 10 1 12 2 11 2

Zagalu 11 1 11 2 11 2

Takyarlu 16 1 17 2 19 1

Noraduz 17 1 15 2 17 3

Total 64 1 65 3 68 6
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account the screening results and the average size of
inserts in the cloned equal to about 700 bp [17], the
percentage of (GATA)

 

n

 

 repeats in the 

 

D. unisexualis

 

genome is ~0.25%, and the possible distance is 280 kb
(4000 

 

× 700/10 = 280000) [18, 19]. On the other
hand, such approximate computations do not exclude
preferential localization of (GATA)n repeats in defi-
nite regions of the lizard genome and even on the def-
inite chromosomes, as was shown for the Y chromo-
some of mice and humans [1]. Nucleotide sequences
of three aforementioned clones were deposited in
GenBank, and the primer pairs to obtain PCR prod-
ucts about 200 bp in size were selected on the basis
of the data on the primary structure (Table 1).

The results of PCR analysis of population sam-
ples of D. unisexualis DNA at loci Du323, Du215,

and Du281 are presented in Figs. 1–3. Apparently,
the loci examined exhibit different levels of poly-
morphism for allele size. Locus Du323 proved to be
electrophoretically invariant and homozygous (Fig. 1,
Table 2). In all populations studied, the PCR product
of this locus produced one band of ~200 bp. Locus
Du215 had three alleles of different size (Fig. 2,
Table 2). A comparison of the data for five popula-
tions examined showed that in four of them
(Kutchak, Lchap, Zagalu, and Noraduz), two alleles
of this locus occurred. The third allele was found in
the Takyarlu population. However, the monomor-
phism of these loci for allele size do not exclude
polymorphism of their nucleotide sequences, point
mutations, nucleotide substitutions, small deletions,
and insertions among them, including those in the
regions adjacent to microsatellite repeats [20–22].

M

M

M

M

M
(e)

(d)

(c)

(b)

(a)

Fig. 1. Electrophoresis of the Du323 PCR products of the D. unisexualis populations. (a) Lchap; (b) Kutchak; (c) Zagalu;
(d) Noraduz; (e) Takyarlu. Here and in further figures, marker fragment M is 200 bp (Amersham).
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Locus Du281 proved to exhibit the highest polymor-
phism. The distribution of alleles of this locus in the
populations is shown in Fig. 3. A comparison of the
data across five populations examined shows that
D. unisexualis has at least six allelic variants of Du281
(Table 2).

In view of the fact that parthenogenetic species
D. unisexualis, like other parthenogenetic Darevskia
species, has a hybrid origin [8], it is of interest to study
these loci in the putative parental species (D. valentini
and D. nairensis). In Fig. 4, the PCR products of the
loci of the maternal (D. nairensis) and paternal
(D. valentini) species, homologous to Du215, Du323,
and Du281 are presented. Note that the PCR products
of the homologous loci have approximately the same
electrophoretic mobilities in the parental species as in

D. unisexualis (i.e., are confined to the electrophoretic
zone of 190 to 230 bp), but they exhibit different lev-
els of polymorphism. For instance, the electrophoret-
ically invariant locus Du323 is variable in D. valentini
(eight PCR variants) (Fig. 4a), but it is not amplified
in D. nairensis. Apparently the absence of PCR ampli-
fication of Du323 in D. nairensis is explained by the
divergence of the adjacent to the repeat regions and
sites of primer annealing, which does not exclude
amplification of this locus by other pairs of primers.
Locus Du215 shows a completely different pattern of
PCR polymorphism of the parental species (Fig. 4b).
In the sample of the parental species D. valentini this
locus is amplified producing two PCR products,
whereas in the sample of nine D. nairensis individu-
als, this locus is highly polymorphic (11 PCR vari-

M
(a)

M

M

1

1

1

1

1
3

2

2

2

2

(b)

(c)

(d)

(e)

M

M

Fig. 2. Electrophoresis of the Du215 PCR products of the D. unisexualis populations. (a) Lchap; (b) Kutchak; (c) Zagalu;
(d) Noraduz; (e) Takyarlu. Alleles are indicated by arrows.
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ants). The most polymorphic locus Du281 has two
PCR variants in the sample of six D. valentini individ-
uals and two variants in the D. nairensis samples of
five individuals (Fig. 4c). Apparently, the number of
the amplified variants may be greatly underestimated
because of the small sample size of the parental spe-
cies. These results show that the cloned loci Du323,
Du215, and Du281 have highly conserved homologs
in the parental species, which is in concordance with
the hybrid origin of the parthenogenetic species D.
unisexualis.

Thus, in the present work, intraspecific variability
at three cloned microsatellite loci has been studied
for the first time in parthenogenetic species D. uni-
sexualis and its two bisexual parental species D. val-
entini and D. nairensis. A comparison of the nucle-
otide sequences of (GATA)n clusters in three clones

studied (Table 1) indicates that the electrophoretic
allelic variants are probably related to microsatellite
mutations caused by DNA polymerase slippage and
(or) frame shift errors in complementary interaction
of single-stranded DNAs [23]. In this connection, it is
of interest to determine the primary sequence of the
PCR products of the cloned loci in the populations of
both the parthenogenetic species and the bisexual
parental species. Thus, our results may shed light on
the origin of parthenogenetic species and on the phy-
logenetic relationships in the group of lizards from
the genus Darevskia. The further development of this
work is related to molecular genetic characterization
of the D. unisexualis clones bearing different types of
variable microsatellites in view of their future use not
only for resolving the above problems but also for

M
(a)

M

M

M

M

1

1

1

5

3

4
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2

(b)
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1 4
6

3

Fig. 3. Electrophoresis of the Du281 PCR products of the D. unisexualis populations. (a) Lchap; (b) Kutchak; (c) Zagalu;
(d) Noraduz; (e) Takyarlu. Alleles are indicated by arrows.
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complete marking the lizard genome, which is still
poorly studied.
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