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Abstract

Little mtDNA variation was observed among populations of the bisexual Caucasian rock lizeetta mixta

and unisexual. dahliandL. armeniaca Three haplotypes were detected.irmixtaand the maximum pairwise
difference among the samples was 0.67%. No intra- and interspecific variation was found among populations of
eitherL. armeniacaor L. dahli. Moreover, both unisexual species were identical to one of the three haplotypes of

L. mixta The limited variation irL. mixtais likely the result of bottleneck effect, although the small sample size
may also be responsible. The lack of variation in the unisexuals was attributed to the restricted variation among the
maternal parents, limited involvement of females in the hybridization, and recent origin.

Introduction (1997) reported five clones in. dahli, among which
one was widespread, and the other four restricted to
one or two individuals.

Comparisons of mtDNA variation in the maternal
parental species and their parthenogenetic daughter
species have advanced our understanding about the
age and modes of origin of parthenogenesis. Moritz et
al. (1992) first estimated the extent of mtDNA diver-
gence using restriction enzymes. Fu (1999) analyzed
cytochromeb (cyt-b) variation in L. raddei and its
parthenogenetic daughter species. This study exam-
ines the other maternal parental speciesnixta and

its daughter species using dytand ATPase 6 gene
sequences.

Parthenogenesis in Caucasian rock lizards (g&ads
certa) originated from interspecific hybridization of
bisexual species (Darevsky et al., 1985; Darevsky,
1992). Two bisexual specietacerta raddeiand L.
mixta, have been identified as the maternal parents of
the seven unisexual species (Darevsky et al., 1985;
Schmidtler et al., 1994 acerta mixtais the mater-
nal parent of two unisexual speciek, armeniaca,
and L. dahli (Darevsky, 1992; Moritz et al., 1992;
MacCulloch et al., 1995; Murphy et al., 1997). Both
Lacerta armeniacandL. dahliare widely distributed
in central Armenia to southern Georgia dndnixtais
currently restricted to upper Kura River valley and the
Black Sea coastal region of western Georgia. Materials and methods

Genetic investigations have found little allozyme
variation among populations &f armeniacaandL. Two populations of.. mixta six of L. dahli, and seven
dahli. MacCulloch et al. (1995) and Fu et al. (in of L. armeniacawere examined. Three specimens
press) reported four clones in armeniaca with one from each population of. mixtaand one specimen
widespread clone and three rare clones. Murphy et al. each from populations df. dahli andL. armeniaca
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were sequenced. Voucher specimens and locality data

are listed in Appendix I.

Standard phenol—chloroform methods were used to
extract DNA from tail muscle or liver tissues. Labor-
atory protocols follow Palumbi (1996). Polymerase
chain reaction (PCR) was used for amplifying the
DNA samples; parameters and settings follow Palumbi
(1996). PCR products were isolated by electrophoresis
on a 1.5% agarose gel followed by purification using
GeneClean (Bio101) procedure33Habeled termin-
ator cycle sequencing kits (Amersham) were used for
DNA sequencing. Protocols followed manufacturer’s
recommendations with minor modification. The cyc-
ling parameters were set to 95 for 30 s, 55C for
30 s, 72C for 60 s, and 30 cycles. Appendix Il
presents the primers used for PCR and sequencing
the target ATPase 6 and clgtgene segments. All se-
guences were completed for both directions with 80—
90% overlap. DNA sequences were edited in ESEE
(version 3; Cabot & Beckenbach, 1989).

Nucleotide statistics, including base composi-
tion and substitution patterns, were computed using
MEGA (version 1.01; Kumar, Tamura & Nei, 1993).
The divergence of populations and haplotypes was
measured by direct pairwise comparison.

Results

A 1044 base pair (bp) fragment of cgtwas ampli-
fied and sequenced, and a 596 bp fragment of ATPas
6 was amplified and sequenced for all specimens.
All sequences are deposited in GenBank (accession
numbers AF147796-AF147805). Among the six spe-
cimens ofL. mixta, eight sites were variable in cyt-

and three in ATPase 6. These variable sites sorted the

six samples into three haplotypes (Appendix I1). Hap-
lotype A, B and C consisted of three, two and one
specimens, respectively. Haplotype A and B occurred
in both Achaldaba and Bakuriani populations, while
C only occurred in Bakuriani population. Figure 1 il-

lustrates the relationships among the three haplotypes.

The largest pairwise difference among the six samples
was 0.61%.

All variations occurred in third codon positions,
and all were transitions. In cyt; T-C and A-G substi-
tutions each consisted of half of the eight substitutions.
All three substitutions were A-G in ATPase 6. No
protein level variation was observed. No insertions or
deletions were found.

e

Figure 1. The relationships among the three haplotypekaiferta
mixtg L. armeniacaandL. dahli. Each bar represents an assuming
substitution. A= L. mixta of Achaldaba(n 2) and Bakuri-

ani (n = 1); all L. armeniacaand allL. dahli; B = L. mixta of
Achaldaba(n = 1) and Bakurianin = 1); C = Bakuriani(n = 1).

No sequence variation was found among popula-
tions of parthenogenetic. armeniacaand L. dahli.
Surprisingly, all 13 populations df. armeniacaand
L. dahli were identical for both cyb and ATPase 6.
Both species shared haplotype Alofmixtafor both
genes (Appendix I11).

The cytb nucleotide composition of these three
species was similar to that in the raddei com-
plex (Fu, 1999). InL. mixta the third codon pos-
ition was strongly biased against guanine (A:T:C:G
= 33.4:27.5:36.7:2.4); the second codon position was
thymine-rich (A:T:C:G= 20.4:42.0:25.3:12.4); and
the first codon position were relatively equally distrib-
uted of the four bases (A:T:C:6 27.7:23.6:28.7:20.0).
The composition of the ATPase 6 genelin mixta
was similar to cyte. The A:T:C:G of first, second
and third codon positions were 37.2:18.7:28.3:15.8,
12.6:46.0:30.8:10.6, and 45.4:23.1:27.6:3.9, respect-
ively. The nucleotide composition of the two partheno-
gens was largely the samelagmixta

Discussion

Divergence inL. mixtais extremely low compared to
that ofL. raddei For example, the largest pairwise dif-
ference for cytb amongL. mixtais 0.77%, while it is
7.76% inL. raddei(Fu, 1999). The seemingly limited
divergence inL. mixta may partially result from the
small numbers of populations included in this study
(n = 2), and the short geographic distance between
the two populations¥ 30 km). The distribution of

L. mixta is limited to a small area of western Re-
public of Georgia. Unfortunately, political instability
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in the Republic of Georgia limited the scope of the Fu, 1999). Thus, the origins @f. armeniacaandL.

field collecting. Nevertheless, although more samples dahli are likely to be much more recent than the form-
are desirable, a significant increase in observed di- ations of the other five parthenogenetic Caucasian rock
vergence seems unlikely considering the relatively re- lizards.

stricted distribution of.. mixta Furthermorel.. mixta

likely experienced several bottleneck effects resulting
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region.
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extremely similar mitochondrial genomes. This lack

of interspecific variation i.. armeniacaandL. dahli L. mixta (n = 6) — ROM24369, ROM24366,

may reflect, at least partially, the low level of variation ROM24367, Georgia: Achaldaba, “#24'N,
in the maternal parent. mixta An alternative, how- 0433705'E; ROM26604, ROM26605, ROM26606,
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rostombekowvs. L. raddeifrom Egagnadzor, 1.05%;  044°2254’'E: ROM24753, Armenia: Sevan Pass
L. sapphirinavs. L. raddeifrom Muradiye, 0.53%; 40°4112'N, 04£5120'E: ROM24979, Armenia:
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Kutchak, 4018N, 043°40E; ROM24997, Armenia:
Tumanyan, 490000’N, 0444012'E; ROM26514,
Georgia: Bakuriani, 40N, 043 30E.

Appendix Il. Primers used for amplifying and
sequencing ATPase 6 and cyb-segments

Letters L and H refer to light and heavy strands, and
the numbers refer to the position of thé énhds of
the primers in the complete human mtDNA sequence
(Anderson et al., 1981).

H9148 B ACG AAT ACG TAG GCT TGG ATT
A 3, L15153 8 TGA GGA CAA ATA TCC TTC
TGA GG 3, L15369 B CAT GAA ACT GGA TCA
AAC AAC CC 3, This study; L8552 5ATG AAC
CTA AGC TTC TTC GAC CAA TT 3, H8956 53
ATA AAA AGG CTAATT GTT TCG AT 3/, H15488
5 TTG CTG GGG TGA AGT TTT CTG GGT C'3
H159155GTC TTCAGT TTTTGG TTT ACAAGA
C 3, O. Haddrath (personal communication); L14841
5 CCATCCAACATCTCAGCATGATGAAASZ,
H151493%GCC CCT CAG AAT GAT ATT TGT CCT
CA 3, Kocher et al. (1989).

Appendix lll. The cyt- band ATPase 6 gene
sequences ofacerta mixtaand its parthenogenetic
daughter species

Haplotype A= L. mixta ROM24369, ROM24366,
ROM26604; AllL. armeniaca All L. dahli; Haplo-
type B= L. mixta ROM24367, ROM26606; Haplo-
type C= L. mixta ROM26605.
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