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Genetic homogeneity between two populations of the parthenogenetic lizard

Aspidoscelis cozumela
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Abstract. We used skin-grafting to assess the genetic variability between 2 populations of the parthenogenetic lizard
Aspidoscelis cozumela. We transplanted 238 skin fragments among individuals of 2 coastal populations at Cozumel
Island. Grafts belonging to individuals that survive more than 60 days suggested genetic homogeneity between both
populations, consistent with the existence of only 1 clone within this unisexual species.
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Resumen. Se utilizé el método de transplantes de piel para evaluar la variabilidad genética entre 2 poblaciones de la
lagartija partenogenética Aspidoscelis cozumela. Se transplantaron 238 fragmentos de piel entre individuos de 2
poblaciones costeras de Isla Cozumel. Los transplantes pertenecientes a individuos que vivieron mas de 60 dias, mostraron
homogeneidad genética entre ambas poblaciones, lo cual sugiere la existencia de 1 sélo clon dentro de esta especie

unisexual.
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Introduction

Immunological studies have demonstrated that grafts
transplanted between members of the same gonochoristic
species are rejected in response to genetic differences
among histocompatibility genes (Cuellar and Smart,
1977; Zapata and Cooper, 1990). The transplanted graft
acts as a trigger that promotes an immune response that
will eventually destroy the foreign tissue (Zapata and
Cooper, 1990). In contrast, various studies involving
unisexual vertebrates have demonstrated absence of
immunological response and hence genetic homogeneity
among individuals of the same clone (Hernandez-Gallegos
et al., 1998; Abuhteba et al., 2000; Hernandez-Gallegos et
al., 2003). This homogeneity has been attributed to clonal
reproduction (Cuellar and Smart, 1977). In this case, the
transplanted graft establishes cell connections with the
host tissue and is permanently retained.

Skin-grafting is a technique sensitive enough to detect
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slight differences in the Major Histocompatibility Complex
genes (Vrijenhoek et al., 1977), which constitutes one of
the most variable family of genes in all jawed vertebrates
(Miller et al., 2006). For this reason, the method has been
extensively used to establish genetic structure in clones of
parthenogenetic lizards and to make inferences on their
origin and evolution (Maslin, 1967; Cuellar, 1976, 1977;
Cuellar and Wright, 1992; Herndndez-Gallegos et al.,
1998; Abuhteba et al., 2000, 2001; Hernidndez-Gallegos
et al., 2003).

Previous skin-grafting studies have demonstrated that
unisexual lizards reject grafts from individuals originated
from different hybridization events (different clones). In
contrast, individuals of parthenogenetic species normally
accept grafts from individuals belonging to the same
clone. Postformational mutations could provoke small
rates of rejection among individuals that constitute an
ancient clone (Maslin, 1967; Cuellar, 1976, 1977, 1984,
Cuellar and Wright, 1992; Herndndez-Gallegos et al.,
1998; Abuhteba et al., 2000, 2001, Herndndez-Gallegos et
al., 2003).
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The Aspidoscelis cozumela complex is composed of 3
unisexual lizard species endemic to the Yucatin Peninsula.
Earlier studies have shown that these species originated
as a result of 2 independent hybridization events between
females of A. angusticeps and males of A. deppii (Moritz
et al., 1992; Hernandez-Gallegos et al., 1998; Manriquez-
Morén, 2002; Hernandez-Gallegos et al., 2003): one of
them originating 4. rodecki and the other one 4. maslini
and A. cozumela, taxa that were recognized as distinct
species based on morphological differences (Taylor and
Cooley, 1995). Karyotypic and mtDNA sequencing data
suggested that Aspidoscelis cozumela evolved from the
unisexual A. maslini (Manriquez-Moran, 2002). The
comparison of partial sequences of 2 mitochondrial genes
showed that individuals belonging to A. cozumela exhibit
the same haplotype as individuals of 4. maslini from Puerto
Morelos (Fig. 1), Quintana Roo (Manriquez-Morén, 2002),
and possess a karyotype that evolved as a consequence
of multiple centric fissions in the hybrid karyotype of A.
maslini (Manriquez-Moran et al., 2000).

Although different studies have suggested the
existence of only 1 major clone within Aspidoscelis
cozumela (Hernandez-Gallegos et al., 1998; Manriquez-
Morén et al., 2000; Manriquez-Moran, 2002; Hernandez-
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Figure 1. Populations of Aspidoscelis cozumela: SM = San
Miguel Town, A = Airport, SG = San Gervacio Ruins, E =
Analyzed eastern population, S = Analyzed southern population.
PM = Puerto Morelos Town.

Gallegos et al., 2003), differences in size and color have
been observed among individuals from different areas of
Cozumel Island. We used skin-grafting to assess genetic
variability between 2 populations of A. cozumela at the
eastern side of Cozumel, as different color patterns may
be the result of genetic change in clonal species (Taylor
et al., 2003).

Material and methods

Individuals of Aspidoscelis cozumela were collected at
Cozumel Island (20° 36" N and 86° 44" W; Fig. 1) during
spring and summer of 1995 and 1996 from 2 populations,
one of them located 20 km southeast of the town of San
Miguel (N = 31; Fig. 1, E) and the other one at 34 km south
of San Miguel (N = 14: Fig. 1, S). Although the 2 sites
are located in the coastal zone of the island, they exhibit
differences in vegetation and moisture. The southernmost
area consists predominately of rocky soil covered with an
association of halophytic vegetation and cacti. The eastern
site exhibits halophytic vegetation characteristic of the
coastal dunes, which is composed of erect and prostrate
plants with shrubby and herbaceous life forms (Tellez et
al., 1989).

Lizards were permanently marked by toe clipping in
the laboratory. An average of 5 individuals were kept in
each of a number of covered plastic terraria (78 x 48 x
21 cm) filled with 5 cm of sterile sandy substrate. Infrared
and Vita-Lite lamps located at the top of terrariums were
automatically controlled to supply 6-9 h. of heat and light
per day. Lizards were fed with wax worms, crickets and
tenebrionid larvae, and water was provided ad libitum.

Before being transplanted, animals were anesthetized
by an injection of 10% ketamine. A biopsy punch was used
to cut circular dorsal patches (2-2.5 cm diameter) of skin
previously covered with surgical adhesive. Grafts were
reciprocally transplanted within and between individuals
of both populations of Aspidoscelis cozumela, and coated
with adhesive to prevent premature detachment (Cuellar,
1976, 1977). Each donor graft was placed perpendicular
to the recipient’s dosolateral stripes for easier observation.
Graft acceptation or rejection was evaluated according to
the criteria of Cuellar (1976, 1977, 1984).

Nine experiments were conducted among 45
individuals (Fig. 2). A total of 238 grafts were transplanted,
48 were autografts, 86 intrapopulation allografts and 104
interpopulation allografts (Table 1).

Results

A previous skin-grafting analysis showed that
individuals of Aspidoscelis cozumela exhibited an
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Figure 2. Grafts transplanted among individuals of Aspidoscelis cozumela. Circles represent skin-grafts among lizards (ovals). Gray
circles indicate grafts detached prematurely. Arrows point out reciprocal skin-grafts.

immunological response within the first 2 months, when
they were transplanted with tissues from individuals of
A. rodecki. The first evidence of rejection was present 15
days after transplantation when some of the grafts started
to appear darker. After 2 months, the grafts sloughed
off (Manriquez-Moran, 1998). Therefore, only those
individuals thatlived more that 60 days after transplantation
were included in the analysis.

Nineteen of 45 individuals initially used were excluded
from the analysis because of premature death (natural
characteristic of 4. cozumela; Hernandez- Gallegos et al.,
2003). The range of survivorship after transplantation of
the 26 remaining individuals was from 60 to 251 days. The
124 grafts analyzed were characterized by the absence of
any sign of rejection. The scales of the 24 autografts, 42
intrapopulation allografts and 58 interpopulation allografts
maintained original characteristics of form, color, size and
luster, indicating transplant acceptance (Table 2).

Table 1. Number of grafts among individuals of Aspidoscelis
cozumela

Number of Autografts Allografts
lizards
E S E S E-E S-S E-S
31 14 34 14 68 18 104

E = East population, S = South population

Discussion

Histocompatibility within (100%) and between
(100%) populations of Aspidoscelis cozumela indicates
that all individuals of this species share a same origin. A
single origin may be assumed if individuals from different
populations of a clonal species exhibit genetic homogeneity
(Cuellar, 1976). Isogenicity has been demonstrated in
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Table 2. Results of skin-grafts among individuals of two populations of Aspidoscelis cozumela

Total Grafis in animals that Grafis detached ~— Remaining Grafis permanently Percentage
Population grafts  survived more than 60 days accidentally grafis accepted accepted
Autografts
East 34 17 4 13 13 100%
South 14 11 0 11 11 100%
Intrapopulation allografts
East-East 68 30 1 29 29 100%
South-South 18 16 3 13 13 100%
Interpopulation allografts
East-South 104 69 11 58 58 100%
TOTAL 238 143 19 124 124 100%

several species of the genus Aspidoscelis throughout
its geographical range: A. tesselata (Maslin, 1967), A.
neomexicana (Cuellar, 1976, 1977), A. maslini (Hernandez-
Gallegos et al., 1998) and A. rodecki (Hernandez-Gallegos
et al., 2003).

The present evidence suggests that Aspidoscelis
cozumela originated from a single female that derived from
a continental population of A. maslini, as these species
share histocompatibility genes (Hernandez-Gallegos et
al., 1998). Mitochondrial DNA sequencing revealed that
the founder female possessed a haplotype characteristic
of individuals from Puerto Morelos (Manriquez-Moran,
2002). Karyotypical and morphological differences
between A. cozumela and A. maslini suggest that the
parthenogenetic female that arrived to Cozumel suffered
chromosomic and morphological transformations that
were transmitted to individuals that colonized the island.

On the other hand, a morphological study carried out
by Taylor and Cooley (1995), revealed that Aspidoscelis
cozumela and A. maslini are the most variable species
within the Aspidoscelis cozumela complex. Variability in
A. maslini may be explained both by genetic differences
produced via mutation (Manriquez-Moran, 2002) or
environmental factors (Herndndez-Gallegos et al., 2003).
Neither option can be rejected, as populations genetically
different from A. maslini are geographically isolated. In
contrast, morphological variation in A. cozumela might be
the result of small changes in environmental conditions
within Cozumel Island. Several studies have shown that
incubation temperatures (Flatt et al., 2001) and various
other environmental factors (Sorci et al., 1996) can affect
phenotypic and ecological characteristics of lizards.
Moreover, field observations revealed that individuals
inhabiting the beaches differ in color and size from lizards
that occur in tropical forest (San Gervacio ruins; Fig. 1,
SG). Individuals from tropical forests are longer and
lighter in color than those from the beaches. Unfortunately,

the tourist infrastructure of Cozumel Island has resulted
in the disappearance of 4. cozumela from the west side
of the island (except around the airport; Figure 1, A)
and therefore it was impossible to evaluate the complete
genetic and morphological variability of this species.

Skin-grafting, like karyotypic (Manriquez-Moran
et al.,, 2000) and mtDNA studies (Moritz et al., 1992;
Manriquez-Moran, 2002), revealed that Aspidoscelis
cozumela is an unisexual lizard originated from a single
parthenogenetic female. However, unlike other uniparental
species, A. cozumela is not a hybrid produced between
2 gonochoristic species, but a parthenogenetic species
derived from a previously existing hybrid.

In the past few years many authors considered that
it was not possible to demonstrate an independent origin
between A. cozumela and A maslini, and proposed that
these taxa were conspecific (Cole, 1985; Frost and Wright,
1988; Moritz et al.,, 1992; Hernandez-Gallegos et al.,
1998). However, existing evidence does not support that
idea; the 2 parthenogenetic species are not product of
the same hybridization event. Only the female that gave
rise to A. maslini was produced by hybridization between
A. angusticeps and A. deppii; A. cozumela was derived
recently from a female from Puerto Morelos (Manriquez-
Moran, 2002). Prior to 1995 Aspidoscelis maslini and
A. cozumela were considered subspecies of 4. cozumela
(Fritts, 1969; Moritz et al., 1992). However, Taylor et
al. (2005) have recently pointed out some reasons for
rejecting this taxonomic arrangement: Karyotypic and
mtDNA sequencing evidences suggest that 4. cozumela is
a mutational derivative of 4. maslini (Manriquez-Moran,
2002), and this relationship might be ignored if A. maslini
is viewed as a variant form of A. cozumela. Furthermore,
these taxa show morphological differences comparable
to those exhibited by 4. maslini and A. rodecki, species
that have originated through 2 independent hybridization
events (Taylor and Cooley, 1995).
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Genetic similarity has been considered as an indicator
of coespecificity among parthenogenetic species; however,
genetic change in the histocompatibility complex is
not a requisite for speciation. Phenotypic variation and
differential genetic expression produced by invasion to
new environments can produce divergence and eventual
speciation between 2 gonochoristic or parthenogenetic
entities (West-Eberhard, 2005).
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