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Chromosome banding in Amphibia
XXX. Karyotype aberrations in cultured fibroblast cells
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Abstract. The present study reports for the first time on the
numerical and structural chromosome anomalies that sponta-
neously arise in aging cultured fibroblast cells of Amphibia.
The analyses were conducted on kidney fibroblasts of three
anuran species with extremely divergent genome sizes (Bufo
rubropunctatus, Scaphiopus holbrooki, Gastrotheca riobam-
bae), in the sixth up to the 14th culture passage. The chromo-
somal rearrangements were identified by means of the 5-bro-
modeoxyuridine/deoxythymidine (BrdU/dT) replication band-

ing technique. The aberrations can be either confined to a sin-
gle chromosome, or else involve all chromosomes of the karyo-
type. The most frequent structural aberrations in the cell cul-
tures of S. holbrooki and G. riobambae are tandem fusions
between two or more chromosomes. These tandem fusions
originating in vitro in long-termed cell cultures reflect the chro-
mosome mutations which also took place during amphibian
phylogenesis. 

Copyright © 2003 S. Karger AG, Basel

The manifold studies on chromosome repatterning that
occurred during the phylogeny of the Amphibia have been
reviewed repeatedly (Morescalchi, 1973; Schmid, 1980;
Schmid and Haaf, 1989; King, 1990). These comparative cyto-
genetic data permit close insights into the operant laws of
karyological evolution in amphibians. Thus, the classical com-
pilation of Morescalchi (1973) impressively demonstrates that
in all three amphibian orders (Anura, Urodela, and Apoda) the
number of microchromosomes and telocentric chromosomes
was reduced in favor of large meta- or submetacentric chromo-
somes during the evolution from primitive to highly specialized
genera. The evolution of karyotypes from the primitive genera,
which still possess microchromosomes and telocentric chromo-
somes alongside a few meta- or submetacentric chromosomes,
to the more highly evolved genera with exclusively biarmed
chromosomes is explained by assuming a series of tandem
fusions, centric (Robertsonian) fusions, and non-reciprocal
translocations taking place between the chromosomes.

The wealth of results obtained from these comparative cyto-
genetic studies has been facilitated mainly by the relatively easy
and fast techniques of chromosome preparation. These meth-
ods consist in using either short-term cultures of lymphocytes
or embryonic cells, or else directly the bone marrow, spleen,
gut, cornea, or gonads of animals treated previously in vivo
with colchicine. All these techniques reveal the constitutional
karyotype of the individuals examined and, with some very few
exceptions of occasionally found chromosome mutations, do
not offer the possibility to detect systematically all the sponta-
neously occurring, age-related chromosomal changes.

In contrast, there is no single report in the literature describ-
ing the chromosome aberrations arising in long-term amphibi-
an fibroblast cultures. The two major reasons for this are:
(1) Amphibian fibroblasts possess only a limited growth effi-
ciency under a variety of different culture conditions, the cells
usually giving up mitotic divisions before reaching the fifth cul-
ture passage, and (2) the induction of multiple banding patterns
with the classical G-, R- and Q-banding procedures for identifi-
cation of the individual chromosomes is not possible in meta-
phase chromosomes of amphibians.

The results presented in this article describe the different
categories of numerical and structural chromosome aberrations
that spontaneously occur in kidney fibroblasts of the anuran
species Bufo rubropunctatus (Bufonidae), Scaphiopus holbrooki
(Pelobatidae) and Gastrotheca riobambae (Hylidae). The chro-
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Fig. 1. (a) Giemsa-stained haploid karyotype of a male of Bufo rubropunctatus. (b) Silver-stained nucleolus organizer region (NOR) in
the chromosome 7 short arm. (c) Haploid karyotype showing BrdU/dT replication banding patterns. (d) Two pairs of Giemsa-stained,
normal structured chromosomes 7. (e–f) Aberrations of chromosomes 7 found in kidney fibroblasts from the sixth to the tenth culture
passage. (e) BrdU/dT-banded chromosomes 7 consisting of one normal (left) and an aberrant isochromosome 7p (right). (f) Selected Giem-
sa-stained isochromosomes 7p from five different metaphases depicting symmetrical arrangement of nuclear constrictions and terminal
satellites on both chromosome arms. (g) Selected silver-stained isochromosomes 7p from three metaphases showing distinct NOR labeling
in both chromosome arms. (h) Two pairs of BrdU/dT-banded chromosomes 7 consisting of one normal homolog (left) and one ring chromo-
some (right). (i) Normal chromosome 7 (left) and two tandemly fused chromosomes 7 (right). Note that both chromosomes 7 are fused at
their long arm telomeric regions with their NORs inserted at the fusion site.

mosomes were prepared from cells in the sixth up to the 14th
culture passage, and the chromosome aberrations were identi-
fied by means of the 5-bromodeoxyuridine/deoxythymidine
(BrdU/dT) replication banding technique.

Materials and methods

Animals and cell lines
One mature male individual each of Bufo rubropunctatus, Scaphiopus

holbrooki, and Gastrotheca riobambae was supplied by a specialized animal
dealer. The animals were kept in aquaterraria at 18–20 ° C and fed with
worms and flies. After sacrificing the animals with diethyl-ether, small kid-
ney pieces were removed to set up cell cultures. All procedures with the ani-
mals conformed to the guidelines established by the Animal Care Commit-
tees.

Cell cultures and BrdU treatment
The kidney samples were minced and cultured in MEM (Gibco) supple-

mented with 13% fetal calf serum (Boehringer) and 0.9% penicillin-strepto-
mycin (stock solution: 10,000 U/ml, Gibco). The cell cultures were main-
tained for 6 to 14 weeks as monolayer cultures in 25-cm2 flasks (Nunc), and
incubated at 26 °C under ordinary atmospheric conditions. Cells were har-
vested for chromosome analysis from subcultures using trypsin. Colcemid
(Gibco) was added 2 h prior to harvest at a final concentration of 0.15 Ìg/ml
of culture medium. Hypotonic treatment lasted 35 min at 37 °C in 0.027 M
sodium citrate. The technique used for fixation of the cells in acetic
acid:methanol (1:3) has been described previously (Schmid, 1978).

Replication banding patterns
All experiments were performed on non-synchronized cells of the sixth to

the 14th passage. 24 h before cell harvest, 100 Ìg/ml BrdU (Sigma) was add-
ed to the cultures. After 16 h, the cells were washed twice with conventional
culture medium and fed with medium containing 48 Ìg/ml deoxythymidine
(Sigma). Cultures were kept in this medium for the last 8 h. Differential stain-
ing of replication bands was achieved with a modified fluorescence-plus-

Giemsa (FPG) technique (Perry and Wolf, 1974). Slides were aged for 3 days,
then kept for 30 min in buffered 0.03 Ìg/ml eosin Y solution (Hazen et al.,
1985). Eosin Y (standard yellow, Fluka) was employed in preference to
Hoechst 33258 commonly used for the FPG technique because of the better
resolution of the replication bands. After rinsing the slides in distilled water,
the cells were UV irradiated for 30 min in buffer at a distance of 10 cm from
the UV lamp (254 nm) and 1 cm below the buffer level. The components of
the buffer used are: 0.03 M KCl, 0.15 M NaCl, 0.83 mM KH2PO4, adjusted
to pH 5.5. Subsequently, preparations were rinsed in fresh buffer, and incu-
bated in 2× SSC for 90 min (1× SSC = 0.15 M NaCl, 0.015 M sodium citrate).
Finally, the slides were stained for 6 min in 5% Giemsa solution (pH 6.8),
washed twice in distilled water and air-dried.

Regional banding of chromosomes
Demonstration of constitutive heterochromatin by C-banding and stain-

ing of nucleolus organizer regions with AgNO3 were performed according to
Schmid et al. (1983).

Photography and analysis of banding patterns
Microscopic analyses were conducted on Zeiss photomicroscopes III. All

photographs were taken on Agfaortho 25 ASA film. Each metaphase contain-
ing one or more chromosome aberrations was photographed, the chromo-
somes cut out from the prints, and affixed to double-sided tape in parallel
rows. This record system permits an easy identification of all chromosome
rearrangements and aneuploidies.

Results

Bufo rubropunctatus
In accordance with the results obtained by Formas (1978),

the South American toad B. rubropunctatus has 2n = 22 chro-
mosomes. As in most other Bufo species (Bogart, 1972), the
karyotype consists of six larger and five distinctly smaller meta-
or submetacentric chromosomes (Fig. 1a). A prominent nucleo-
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lar constriction is located in the chromosome 7 short arm
(Fig. 1a) that proves to be the nucleolus organizer region (NOR)
as shown by specific silver staining (Fig. 1b). By application of
the BrdU-replication banding technique a large number of
dark- and pale-stained replication bands are induced in the
chromosomes during the first half of the S-phase, most of them
being evenly distributed along the metaphase chromosomes
(Fig. 1c).

Among 50 metaphases of the sixth to tenth cell culture pas-
sage analyzed, 15 (30%) show a normal diploid karyotype with
two unaltered chromosomes 7 (Fig. 1d). In 27 metaphases
(54%), one of the chromosomes 7 is missing, and an isochromo-
some 7p is present instead (Fig. 1e). This metacentric isochro-
mosome 7p exhibits a perfect symmetry, with equal lengths of
the nucleolar constrictions and sizes of the terminal satellites
(Fig. 1f), as well as equal amounts of silver deposits (Fig. 1g) on
both sides of the centromeric region. In six metaphases (12%),
one of the chromosomes 7 is replaced by a ring chromosome
(Fig. 1h). The ring chromosome 7 shows two nucleolar constric-
tions located in opposition to each other. It cannot be decided
whether the ring chromosome 7 derived from the isochromo-
some 7p by telomeric fusion, or vice versa, if the isochromo-
some 7p is the product of a broken ring chromosome 7,
although the first alternative seems to be the more likely event.
Finally, in two of the cells (4%), a complex isoform of one chro-
mosome 7 is seen in addition to a normal chromosome 7
(Fig. 1i). In this particular rearrangement the two chromo-
somes 7 are fused in tandem at their long arm telomeric regions
with their NORs inserted at the fusion site.

Scaphiopus holbrooki
The conventional karyotype of the North American spade-

foot toad S. holbrooki has been reported by Wasserman and
Bogart (1968) and Morescalchi et al. (1977), and C-banding,
mithramycin fluorescence and BrdU/dT replication banding
were studied by Schmid et al. (2003). This species has 2n = 26
chromosomes, the pairs 1–6 being distinctly larger than pairs
8–13 (Fig. 2a). Pairs 3–5 have an acrocentric morphology, all
the remaining pairs are meta- or submetacentric. The NOR is
located in the chromosome 7 short arm. Constitutive hetero-
chromatin is present at the centromeric and telomeric regions
of all chromosomes, in the entire short arms of the acrocentric
chromosomes 3 and 5, proximally and distally to the NOR in
the chromosome 7 short arm, as well as interstitially in the peri-
centromeric regions of chromosomes 1–5 (Fig. 2a).

Fifty BrdU/dT-banded metaphases from the sixth to eighth
cell culture passage were analyzed. Thirty cells (60%) have a
normal karyotype, whereas in the remaining 20 metaphases
(40%) at least one numerical or structural chromosome aberra-
tion can be detected (Fig. 2). The prevalent anomalies are
monosomies (34.3%) and trisomies (31.3%). Examples of such
monosomic and trisomic cells are depicted in Fig. 2a, b, e–h).
Tetrasomies occur at a frequency of 6.5% (Fig. 2e, g). The chro-
mosomes most frequently involved in aneuploidies are 5, 7, 11
and 13. It is remarkable that the only structural aberrations
found consist of tandem fusions between two chromosomes,
like those shown in Fig. 2c–h. They amount to 27.9% of all
aberrations. The chromosome most frequently involved in

these tandem fusions is no. 1 (Fig. 2c–h). It is fused either with
a non-homologous chromosome (Fig. 2c, d, f, g), or else with its
own homolog (Fig. 2e, h). In most of the tandemly fused chro-
mosomes two centromeric constrictions can be discerned
(Fig. 2c–g). Both the long as well as the short arm of the various
chromosomes can participate in the tandem fusions. It should
be pointed out that in the 50 metaphases analyzed all the 13
chromosomes of S. holbrooki are involved in numerical and/or
structural aberrations. The lowest number of aberrations per
metaphase are simple trisomies (Fig. 2a), the highest number
consist of one to three trisomies, one tetrasomy, two to three
monosomies, and two tandem fusions (Fig. 2e–h).

Gastrotheca riobambae
The karyotype of this South American marsupial frog is one

of the best studied among the Anura (Schmid et al., 1983, 1986;
Schmid and de Almeida, 1988; Schmid and Klett, 1994). It is
distinguished by highly heteromorphic XY sex chromosomes.
The Y chromosome is considerably larger than the X chromo-
some and composed almost completely of constitutive hete-
rochromatin. The sole NOR in the karyotype is located in the X
chromosome short arm. This causes a sex-specific difference in
the number of ribosomal RNA genes of about 2(Y):1(=). No
cytogenetic indications were found for a possible inactivation
of one of the two X chromosomes in female cells. The banded
karyotype of G. riobambae has been described in detail by
Schmid et al. (1983), restriction endonuclease banding was
reported by Schmid and de Almeida (1988), and the BrdU/dT
replication banding patterns in metaphase chromosomes were
first presented by Schmid and Klett (1994). 

Thirty-six metaphases (72%) out of 50 metaphases from the
tenth to the 14th cell culture passage yield a normal karyotype.
In each of the remaining 14 cells (28%) at least three chromo-
some aberrations are present (Fig. 3). As in the cell cultures of
S. holbrooki, the most frequent anomalies are monosomies
(28.3%), trisomies (9.5%), and partial trisomies (9.5%). It
should be emphasized that in all 14 aberrant karyotypes the Y
chromosome is missing (Fig. 3). Apparently the loss of the com-
plete Y chromosome has no deleterious effects on cell growth
and function. This is understandable because the huge Y chro-
mosome mainly consists of constitutive heterochromatin with
its non-transcribed repetitive DNA sequences. In all normal
and aberrant karyotypes examined, the X chromosome (i.e.
chromosome no. 4) shows a normal structure (Fig. 3). Tetra-
somies of autosomes occur with a frequency of 2% (Fig. 3e).

Concerning the structural chromosome rearrangements,
again tandem fusions between two chromosomes represent the
most frequent category (25.7%). They involve autosomes 1, 2,
5, 7 and 8 (Fig. 3a, c–e). In two metaphases (6.7%) two pairs of
extremely large chromosomes are present (Fig. 3e) that are
interpreted to be the result of multiple tandem fusions between
more than two autosomes. However, the BrdU/dT replication
banding patterns in these huge chromosomes are too complex
to reveal their origin. Two cells (2.7%) contain a non-reciprocal
translocation between autosomes 3 and 11 (Fig. 3a). A centric
fusion of the acrocentric autosomes 9 and 13 is found in five
cells (6.7%) (Fig. 3e). A further centric fusion between the two
homologous acrocentric autosomes 11 is counted in another
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Fig. 2. (a–h) BrdU/dT-banded karyotypes of a male of Scaphiopus holbrooki prepared from kidney fibroblasts in the sixth to the
eighth culture passage. The chromosomes showing numerical and/or structural aberrations are framed. The abbreviations used are
as follows: (m) monosomy, (t) trisomy, (te) tetrasomy, (tf) tandem fusion. The black arrowheads beside the tandemly fused chromo-
somes mark the fusion site.

five cells (6.7%) (Fig. 3d, e). However, this condition can also
be explained assuming an isochromosome formation by one
homolog 11 plus a simultaneous monosomy of the other homo-
log, which of course, is a more complex chromosomal mutation
event. Finally, in a single metaphase (1.5%), an allocyclic or
prematurely condensed chromosome no. 1 is detectable
(Fig. 3f). 

Discussion

The only method that induces reliable multiple bands along
amphibian metaphase chromosomes, and herewith allows their
exact identification, is the 5-bromodeoxyuridine/deoxythymid-
ine (BrdU/dT) technique (Schmid et al., 1990b). BrdU/dT

replication bands were first obtained in bone marrow meta-
phase chromosomes of Rana esculenta, R. temporaria and Py-
xicephalus adspersus (Schempp and Schmid, 1981), and later
on in distinctly higher quality in chromosomes from cultured
fibroblasts or lymphocytes of 19 anuran species belonging to
the genera Rana, Hyla, Bufo, Xenopus, Gastrotheca, Litoria,
Odontophrynus, and Scaphiopus (Schmid and Steinlein, 1991;
Schmid and Klett, 1994; Miura, 1995; Miura et al., 1995; Wiley
and Little, 2000; Schmid et al., 2002, 2003).

The present work is the very first report focusing on chro-
mosome aberrations spontaneously originating in long-termed,
aging amphibian fibroblast cultures. It shows that the rearran-
gements can be either confined to a single chromosome, like in
B. rubropunctatus, or else involve all chromosomes of the
karyotype, like in S. holbrooki and G. riobambae.
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Fig. 3. (a–e) BrdU/dT-banded karyotypes of a male Gastrotheca riobambae prepared from kidney fibroblasts in the tenth to the
14th culture passage. The chromosomes showing numerical and/or structural aberrations are framed. The abbreviations used are as
follows: (cf) centric fusion, (cf/i?) centric fusion or isochromosome, (m) monosomy, (mtf) multiple tandem fusion, (pt) partial
trisomy, (t) trisomy, (te) tetrasomy, (tf) tandem fusion, (nt) non-reciprocal translocation. The black arrowheads beside the tandemly
fused chromosomes mark the fusion sites. The single chromosome 4 is the X sex chromosome. Note that in all karyotypes the X
chromosome is the only chromosome not involved in numerical or structural anomalies. The Y chromosome is missing in all cells.
(f) Giemsa-stained metaphase with an allocyclic or prematurely condensed chromosome 1.

In the B. rubropunctatus fibroblasts all aberrations detected
are restricted to one of the chromosomes 7. The most frequent
anomaly is an isochromosome 7p which most probably origi-
nated by a singular event (clonal origin) and has spread
throughout the cultures, rather than having arisen indepen-
dently in different cells. Most probably the ring chromosome
7p was derived from this isochromosome 7p. However, there is
no easy parsimonious explanation for the origin of the complex

tandem fusion of two chromosomes 7 with their NORs inserted
at their fusion site.

In both S. holbrooki and G. riobambae a variety of chromo-
some anomalies appear during senescence of their fibroblast
cultures, the most common ones being monosomies and tri-
somies that apparently are quite well tolerated by the cells. The
most frequent structural chromosome aberrations in the cell
cultures of both species are tandem fusions between two chro-
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mosomes that result in unusually large, mostly dicentric chro-
mosomes. The breaks preceding these tandem fusions are
located in the telomeric regions of the chromosomes, which in
all chromosomes of both species consist of constitutive hete-
rochromatin (Schmid et al., 1983, 2003). With regard to this
high rate of spontaneous in vitro tandem fusions it is important
to note the comparative cytogenetic investigation of Morescal-
chi (1973) which demonstrates that tandem fusions played one
of the principal roles during the evolution of amphibian karyo-
types (see Introduction). Furthermore, from a detailed compar-
ison between the late replication banding patterns induced in
the chromosomes of frogs belonging to the genus Rana it was
found that a tandem fusion between the two small chromo-
somes 11 and 13 in an ancestral 2n = 26 species has produced
the larger chromosome no. 6 in the 2n = 24 species (Miura et
al., 1995). It is conceivable that the structural chromosome
aberrations observed in vitro reflect the chromosome muta-
tions which also preferentially took place during amphibian

phylogenesis. This implies that the telomeric regions of am-
phibian chromosomes are prone to be involved in tandem
fusions and non-reciprocal translocations.

It must be emphasized that the various categories of chro-
mosome anomalies accumulating in aging amphibian fibro-
blast cells are not related to the genome size of the species
examined. Thus, although the various numerical and structural
chromosome changes in the fibroblast cultures of S. holbrooki
and G. riobambae are very similar, the genome sizes of the two
species are extremely divergent. Whereas S. holbrooki has one
of the smallest genomes found so far in vertebrates (2.0 pg
DNA per nucleus) (Schmid et al., 2003), the nuclear DNA con-
tent of G. riobambae amounts to 8.5 pg (Schmid et al., 1990a).

Acknowledgement

We thank Gitta Hesse for her dedicated and expert photographic assis-
tance and Rainer Klett for his efficient help with the amphibian cell cultures.

References

Bogart JP: Karyotypes, in Blair WF (ed): Evolution in
the Genus Bufo, pp 171–195 (University of Texas
Press, Austin 1972).

Formas JR: The chromosomes of Bufo rubropunctatus
and Bufo chilensis (Anura, Bufonidae) and other
species of the spinulosus group. Experientia 34:
452–454 (1978).

Hazen MJ, Villanueva A, Juarranz A, Canete M, Stock-
ert JC: Photosensitizing dyes and fluorochromes as
substitutes for 33258 Hoechst in the fluorescence-
plus-Giemsa (FPG) chromosome technique. Histo-
chemistry 83:241–244 (1985).

King M: Amphibia, in John B (ed): Animal Cytogene-
tics, Vol 4/2 (Gebrüder Borntraeger, Berlin 1990).

Miura I: The late replication banding patterns of chro-
mosomes are highly conserved in the genera Rana,
Hyla, and Bufo (Amphibia: Anura). Chromosoma
103:567–574 (1995).

Miura I, Nishioka M, Borkin LJ, Wu Z: The origin of
the brown frogs with 2n = 24 chromosomes. Expe-
rientia 51:179–188 (1995).

Morescalchi A: Amphibia, in Chiarelli AB, Capanna E
(eds): Cytotaxonomy and Vertebrate Evolution, pp
233–348 (Academic Press, London 1973).

Morescalchi A, Olmo E, Stingo V: Trends of karyologi-
cal evolution in Pelobatoid frogs. Experientia
33:1577–1578 (1977).

Perry P, Wolff S: New Giemsa method for the differ-
ential staining of sister chromatids. Nature
251:156–158 (1974).

Schempp W, Schmid M: Chromosome banding in Am-
phibia. VI. BrdU-replication patterns in Anura and
demonstration of XX/XY sex chromosomes in
Rana esculenta. Chromosoma 83:697–710 (1981).

Schmid M: Chromosome banding in Amphibia. I. Con-
stitutive heterochromatin and nucleolus organizer
regions in Bufo and Hyla. Chromosoma 66:361–
388 (1978).

Schmid M: Chromosome evolution in Amphibia, in
Müller HJ (ed): Cytogenetics of Vertebrates, pp 4–
27 (Birkhäuser, Basel 1980).

Schmid M, de Almeida CG: Chromosome banding in
Amphibia. XII. Restriction endonuclease banding.
Chromosoma 96:283–290 (1988).

Schmid M, Haaf T: Origin and evolution of sex chro-
mosomes in Amphibia: the cytogenetic data, in
Wachtel SS (ed): Evolutionary Mechanisms in Sex
Determination, pp 37–56 (CRC Press, Boca Raton
1989).

Schmid M, Klett R: Chromosome banding in Amphi-
bia. XX. DNA replication patterns in Gastrotheca
riobambae (Anura, Hylidae). Chromosoma 65:
122–126 (1994).

Schmid M, Steinlein C: Chromosome banding in Am-
phibia. XVI. High-resolution banding patterns
in Xenopus laevis. Chromosoma 101:123–132
(1991).

Schmid M, Haaf T, Geile B, Sims B: Chromosome
banding in Amphibia. VIII. An unusual XY/XX-
sex chromosome system in Gastrotheca riobambae
(Anura, Hylidae). Chromosoma 88:69–82 (1983).

Schmid M, Sims SH, Haaf T, Macgregor HC: Chromo-
some banding in Amphibia. X. 18S and 28S ribo-
somal RNA genes, nucleolus organizers and nu-
cleoli in Gastrotheca riobambae. Chromosoma
94:139–145 (1986).

Schmid M, Steinlein C, Friedl R, de Almeida CG, Haaf
T, Hillis DM, Duellman WE: Chromosome band-
ing in Amphibia. XV. Two types of Y chromo-
somes and heterochromatin hypervariability in
Gastrotheca pseustes (Anura, Hylidae). Chromoso-
ma 99:413–423 (1990a).

Schmid M, Steinlein C, Nanda I, Epplen JT: Chromo-
some banding in Amphibia, in Olmo E (ed): Cyto-
genetics of Amphibians and Reptiles, pp 21–45
(Birkhäuser, Basel 1990b).

Schmid M, Ziegler CG, Steinlein C, Nanda I, Haaf T:
Chromosome banding in Amphibia. XXIV. The B
chromosomes of Gastrotheca espeletia (Anura,
Hylidae). Cytogenet Genome Res 97:205–218
(2002).

Schmid M, Steinlein C, Haaf T: Chromosome banding
in Amphibia. XXVII. DNA replication banding
patterns in three anuran species with greatly differ-
ing genome sizes. Cytogenet Genome Res 101:54–
61 (2003).

Wasserman AO, Bogart JP: Chromosomes of two spe-
cies of spadefoot toads (genus Scaphiopus). Copeia
1968:303–306.

Wiley JE, Little ML: Replication banding patterns of
the diploid-tetraploid treefrogs Hyla chrysoscelis
and H. versicolor. Cytogenet Cell Genet 88:11–14
(2000).


