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Abstract. Protein electrophoresis dfacerta unisexu- in their genetic makeup. The possible sources of the
alis from three populations found that 21 of 36 allozyme variation are mutation, recombination, or multiple origin
loci were homozygous, while 14 expressed fixed hetero{Cole et al. 1988; Moritz et al. 1989b; Parker 1979).
zygotes and one locus was variable. Three clones werdloreover, the amount of variation is correlated with the
detected at the locus Cat-A. Two individuals represennumber of parental individuals involved in the hybrid-
two rare clones while all others form a common clone.ization and the area size of origin (Moritz 1991; Moritz
Our favored explanation is the mutation of a preexistinget al. 1989a). The ecological parameters, distribution,

common clone rather than multiple origins. and age of parthenogenetic species also contribute to the
diversity (Dessauer and Cole 1989; Parker et al. 1989).
Key words: Allozyme electrophoresis — Clonal Lacerta unisexualiss one of the seven parthenoge-
variation —Lacerta unisexualis— Parthenogenesis — netic species of the Caucasian rock lizards, gdras
Unisexuality erta, subgenusArchaeolacerta.lt originated from the

hybridization of L. valentini and L. raddei (including
nairensig (Moritz et al. 1992; Uzzell and Darevsky
1975). Most of its distribution is currently fragmented
into isolated small plots in central Armenia and eastern

The origin and evolution of parthenogenetic species havgurkey. The two parent species are not closely related to

intrigued biologists for about half a century. These uni_each other but rather belong to separate clades within the

. e : subgenugArchaeolacertaMurphy et al. 1996a)L. uni-
parental species arose by hybridization between biparen- .

. .~ sexualishas also been shown to be a parent of both
tal species and they clone themselves from generation aiploid and triploid hybrids (Darevsky and Danielyan
generation. Recent investigations have shown that mos

. : . : .-1968; Darevsky et al. 1989; Kupriyanova 1989). Exami-
parthenogenetic species exhibit some degree of dlverS'tXation of allozyme variability may help to clarify rela-

tionships among parthenogenetic species and their par-
ents and to illuminate the processes whereby uniparental
species have originated. Herein, we report the result of
Correspondence tal. Fu; e-mail: jinzhong@rom.on.ca our study of genetic variation ih. unisexualis.
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Materials and Methods

Specimens ok. unisexualisvere collected in central Armenia: Valley
of the Marmaric River at Ankavar\( = 27), Aragatz Mountain near
Kutchak (N = 7), and Nozaduz on Lake SevaN & 23). Voucher

specimens are deposited in the collection of the Royal Ontario Museung
(ROM). Museum catalogue numbers and locations are listed in AppenM"HD

dix 1.

Specimens were injected with an overdose of sodium pentobarbitap| p
and dissected immediately following euthanasia. Liver, heart, and tail

muscle were removed and frozen in liquid nitrogen. Some specimen

Table 1. Summary of genetic variability coefficients for the three
populations ofLacerta unisexualfs

Ankavan Kutchak Nozaduz
n 27 7 23
1 3 1
0.417 £ 0.083 0.409 + 0.082 0.417 £ 0.083
MNA 1.42 + 0.080 1.42 +0.080 1.42 + 0.080
41.67 41.67 41.67

$n = sample size; £ = number of clones. Standard errors are in

were frozen whole and dissected later. Upon arrival at the |ab0rat0r)’parentheses; MHD= mean heterozygosity by direct count; MNA

the tissues were transferred to and stored in a —80°C freezer.

mean number of alleles per locus; PEPpercentage of loci polymor-

Enzymes were separated by horizontal gel electrophoresis on 119{9hic (0.95 criterion)
starch gels. All electrophoretic procedures, protocols and nomenclature

for loci, alleles, and enzyme systems follow Murphy et al. (1996b).

Wherever possible, loci were resolved on two buffer systems to mini-

mize the hidden variation. Specific buffer systems used for the locu
products are as in Fu et al. (1995), MacCulloch et al. (1995a), an
Bobyn et al. (1996).

examined were heterozygous for the loci CK-C, GPI, and
Pl. We found 14 loci with fixed heterozygosity. As
suspected, the low variability ih. unisexualisis com-

Results of electrophoresis were analyzed using BIOSYS-1 releasparable to that found ih. armeniaca(MHD = 0.437-
1.7 (Swofford and Selander 1989). Mean heterozygosity by direct).457, MNA = 1.46, PLP= 45.71; MacCulloch et al,

count (MHD), mean number of alleles per locus (MNA), and percent-
age of loci polymorphic (PLP) were used for evaluating genetic poly-
morphism. Alleles were also compared betwéenminisexualisand its
supposed parents.

Results

Twenty-eight enzyme systems encoded by 36 presum

all individuals examined are homozygous for 21 loci
including mAat-A, mAcoh-A, Ada-A, Cbp-1, Ck-A, Est-
D, BGa-A, Gda-A,BGlur-A, BGlus-A, Gtdh-A, G6pdh-
A, mldh-A, sldh-A, Ldh-A, mMdh-A, sMdh-A, Pep-B,
Pgm-A, Pk-A, Tpi-A. All individuals exhibit heterozy-
gosity in the following 14 loci: sAat-A, sAcoh-A, Acp-B,
Ck-C, Gpi-A, Gpi-B, Ldh-B, mMdhp-A, sMdhp-A, Mpi-
A, Pep-A, Pnp-A, mSod-A, sSod-A.

Variation occurs at the locus Cat-A. Two alleles are
present at the locus. All individuals in the Ankavan and

Nozaduz populations and all but two from Kutchak are

heterozygous. One individual from Kutchak is homozy-
gous for the slow allele, and one is homozygous for th
fast allele.

Levels of genetic polymorphism from BIOSYS-1 are
summarized in Table 1.

Discussion

Our unpublished data confirm the hybrid origin bf
unisexualisIn all cases the alleles found In unisexu-

e

1995b),L. rostombekoviMHD = 0.424, MNA = 1.42,
PLP = 42.42; MacCulloch et al. 1997), and dahli
(MHD 0.392-0.400, MNA = 1.40-1.43, PLP=
40.00; Murphy et al., in press). Dessauer and Cole (1986)
found mean heterozygosity (method of calculation not
stated) of 0.33-0.40 and MNA of 1.37-1.40 in diploid
parthenogenetic species @nemidophorusDarevsky
and Danielyan (1979) found that 96% of all skin graft

Rtials were accepted among individuals from five popu-
tive loci were resolved and recorded. Among the 36 loci, P 9 Pop

lations ofL. unisexualisand concluded that little varia-
tion existed.

Our populations of. unisexualicontain three clones
indicating a low level of diversity similar to that found
other unisexual lacertids (MacCulloch et al. 1995b,
1997; Murphy et al. in press) and i@nemidophorus
neomexicanu@Parker and Selander 1984). The variation
is much less than that found by Moritz et al. (1989a) in
Heteronotia binoeiwhich probably originated from mul-
tiple hybridization events. Uzzell and Darevsky (1975)
found only a single clone among two populationsLof
unisexualis;Cat-A was not one of the loci analyzed in
their study. There was no overlap of populations exam-
ined between our study and theirs.

Although most parthenogenetic species contain mul-
tiple clones (Parker 1979), the origin of genetic variation
is often obscure. Possible origins are mutation, recombi-
nation, or multiple hybridization events (Moritz et al.
1992). The two individuals of. unisexualiswhich dif-
fered from the others at the Cat-A locus were homozy-
gous for alleles which occurred in the heterozygotic state
in all other specimens examined. Comparisons with the
parental species df. unisexualisfound that allL. val-

alis were as expected for a hybrid between its supposeédntini examined l = 95) had only the fast allele at

parentsL. valentiniandL. raddei (including nairensig
(see Murphy et al. 1996a).

Cat-A while allL. raddei(incl. L. nairensig (N = 195)
had the slow allele plus another, faster than that found in

Fixed heterozygosity at some loci is expected in par-L. valentini or L. unisexualis(Bobyn et al. 1996; Mac-
thenogenetic species. Previous work by Uzzell andCulloch et al. 1995a; Murphy et al. 1996a). The expected

Darevsky (1975) showed that all of the unisexualis

state for the hybrid parthenogenetic fotmunisexualis
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would therefore be heterozygous. Multiple hybridization quence data about both the parental species and uni-
is unlikely as an explanation for the observed variation.sexual species may be informative.

Furthermore, given that the origin of unisexual species is Clonal diversity has also been found to be related to
an extremely rare event and highly constrained by phyniche breadth and range size in parthenogenetic species
logenetic, genetic, and other factors (Murphy et al.(reviewed in Parker et al. 1989)acerta unisexualifas
1996a; Moritz et al. 1989a), there is little evidence sup-a discontinuous range and limited overlap with the
porting the possibility of multiple origins. Either recom- ranges of its parental species (Darevsky 1967; Uzzell and
bination or mutation appears to be the most likely causd>arevsky 1975). According to the latter, this distribution
of the homozygous condition, as hypothesized for othe€onsists of relict populations rather than unique origins.
parthenogenetic species bécerta (MacCulloch et al. L. unisexualisalso appears to be able to occupy habitats
1995b; Murphy et al. in press). In the case of mutationWhich sexual species do not (Darevsky et al. 1989).

this could reflect either the silencing of one allele or lossSince the Wem glacial period, the Caucasus have un-
of the gene itself. dergone many habitat changes; these both limit distribu-

Lacerta valentiniand L. raddei exhibit considerable tions and provide new microhabitats for lizards. Further

allozyme variation among populations (MacCulloch etStudy of the ecology as well as the genetic makeup of
al. 1995a; Bobyn et al. 1996) while the specimens quther populatlpns is reqwreq to bettt_ar understand'ques—
unisexualissxamined herein are almost identical. Moritz iONS of genetic and ecological relationshipsLofuni-

et al. (1992) proposed that low allozyme diversity would SEXUalis.

imply that few individuals of the parental species were

involved in the origin of the parthenogenetic hybrid, as

appears to be the case @nemidophorus neomexicanus APPendix 1: Specimens Examined

(Parker and Selander 1984). In addition, there are a few

alleles which occur in the parental species that do notacerta unisexualisROM 24232-24258, Armenia, Ankavan, valley of

appear inL. unisexualisThe evidence suggests that the Marmaric River, 40°3815' N, 044°32 54' E; ROM 24985, 26772-
pp ) ) a9 26777, Armenia, Aragatz mountain, Kutchak, 40°DN8 043°40 E.

origin of L. unisexualisis locally and numerically re- Rrowm 26799-26821, Armenia, Nozaduz, 40°3Q 044°20 E.

stricted. Moritz et al. (1992) draw the same conclusion

based on mitochondrial DNA fragment analysis. In their Acknowledgments. Import permits for frozen tissues and preserved
study, no variation was detected among four populationgpecimens were issued by Agriculture Canada and all collecting and

of L. unisexualisvhereas variation existed among popu- spt_aumen euthanasia was performed under.approved animal protocols.
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