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A chromosome study was carried out on a number of European and Central Asiatic diploid green toad populations
by means of standard and various other chromosome banding and staining methods (Ag-NOR-, Q-, CMA3-, late
replicating [LR] banding pattern, C- and sequential C-banding + CMA3 + DAPI). This study revealed the remarkable
karyological uniformity of specimens from all populations, with the only exception being specimens from a Moldavian
population, where one chromosome pair was heteromorphic. Though similar in shape, size and with an identical
heterochromatin distribution, the difference in the heteromorphic pair was due to a large inverted segment on its long
arms. This heteromorphism was restricted to females, suggesting a female heterogametic sex chromosome system of
ZZ/ZW type at a very early step of differentiation.
[Odierna G, Aprea G, Capriglione T, Castellano S and Balletto E 2007 Cytological evidence for population-speciﬁc sex chromosome heteromorphism
in Palaearctic green toads (Amphibia, Anura); J. Biosci. 32 763–768]

1.

Introduction

Toads of the Bufo viridis (Laurenti 1768) complex
(Pseudepidalea viridis, following Frost et al 2006), have a
very broad distribution, ranging from Morocco and South
Sweden to Mongolia and northern Xinjiang, across all the exSoviet Central and ‘middle’ Asiatic Republics (Kazakhstan,
Kyrgyzstan, Uzbekistan, Tajikistan, Turkmenistan) and the
Arabian Peninsula. Green toads are unique within their
family, as well as among vertebrates in general, in possessing
bisexual diploid, triploid (fertile) and tetraploid populations
(see Odierna et al 2004 for refer,ences). A previous study
(Odierna et al 2004) conducted on a number of European,
Near Eastern, North African and Central Asiatic green toad
populations demonstrated that specimens, independently of the
sex, provenance and ploidy levels, do not show any difference
in their chromosome and chromatinic characteristics,
including the number and shape of chromosomes, as well as
the Ag-NOR- and CMA3- phenotype and patterns of Q- and
C-bands. More recently, Stöck et al (2005) have shown that
Keywords.

some Middle Asiatic tetraploids exhibit clear differences in
the 6th chromosome quartets, which are divisible into pairs of
chromosomes, either having or lacking an intense Q-positive
band on their short arms. Thus, Middle Asiatic tetraploids
are allopolyploid. Since the Iranian diploid populations lack
paracentromeric Q-positive bands on their sixth chromosome
pair, Stöck et al (2005) consider them possible candidates for
one of the two parent populations.
In this paper, we provide evidence for the existence of
population-speciﬁc heteromorphism, which we found in a
Moldavian green toad population, during an extensive interpopulational chromosome analysis, aimed at studying the rise
and evolution of tetraploidy in this group (Odierna et al 2004).
2.

Materials and methods

A number of European and Asiatic green toad populations
were sampled during our 1993–2003 ﬁeld surveys
(details in Odierna et al 2004), totalling 465 karyotyped
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specimens. In this paper, we have focused on the results of a
chromosome study carried out on those diploid populations
where specimens of either both sexes or only females were
sampled, totalling 102 karyotyped specimens (table 1). In
addition, we recently had the opportunity to enlarge our
sampling of the Calarasi (Moldavia) population from the
initial two to seven pairs.
Metaphase plates were obtained by means of blood
cultures, performed according to the method described by
Nishioka et al (1993, 1994). In addition to the standard
staining method (5% Giemsa at pH 7), the following
banding techniques were used: Ag-NOR (Howell and Black
1980); chromomycin A3/methyl green (CMA3) (Sahar and
Latt 1980); Q- (Schmid 1978), C- (Sumner 1972), the
sequential C- + CMA3 + DAPI (Odierna et al 1999) and late
replication (LR) banding. For LR, 30 µg/ml BrdU was added
to blood cultures during the last 6 h and differential staining
was revealed by staining 4-day-old slides with 4% Giemsa
solution in 2% 4Na-EDTA (Nishioka et al 1993; Nishioka et
al 1994; Miura 1995) for 20 min.
For each specimen, ﬁve mitotic ﬁgures under each
staining method were examined, apart from the LR-banding
of the Moldavian sample, in which ten metaphase plates
were analysed.
Table 1.

3.

Results

Irrespective of their origin and sex, all investigated
specimens displayed a karyotype of 2n = 22 biarmed
chromosomes, with the ﬁrst 6 pairs distinctively bigger than
the last 5 pairs. Chromosomes of both sexes also showed
very similar patterns of CMA3, C-banding and sequential
C-banding + CMA3 + DAPI banding, as evidenced by
a comparison of male and female haploid sets. CMA3
(ﬁgure 1A) and Ag-NOR (Odierna et al 2004) showed
two positive loci only, on the peritelomeric regions of the
long arms of the 6th chromosome pair. Bright Q-bands
were observed on the short arms of chromosome pairs
6–11 (ﬁgure 1B). Furthermore, the 7th and 11th pairs also
showed a paracentromeric Q-band on their long arms. Dark
C-bands were observed on the centromeric regions of all
the chromosomes (ﬁgure 1C). The sequential staining of
C-banding + CMA3 + DAPI showed only CMA3-positive
ﬂuorescence in the peritelomeric regions on the long arm of
the 6th chromosome pair (ﬁgure 1D), whereas centromeric
C-bands were DAPI-positive (ﬁgure 1E).
LR staining procedures produced cross-longitudinal
dark and light bands along the chromosomes. Their number
ranged from 40 in the chromosomes of the ﬁrst pair down

Number, sex and origin of the green toad specimens investigated

Locality

Country

Latitude

Longitude

Number and sex

Ploidy

Year

Calarasi

Moldavia

47° 16′ N

28° 19′ E

2 ♂♂+ 2 ♀♀

2n

1995

Calarasi

Moldavia

47° 16′ N

28° 19′ E

5 ♂♂+ 5 ♀♀

2n

2005

Tula

Russia

54° 12′ N

37° 36′ E

1♀

2n

1997

Europe

Cirindinu

France – Corse

41° 44′ N

9° 27′ E

2 ♂♂+ 4 ♀♀

2n

1993

Marina d′Alberese

Italy

42° 17′ N

11° 23′ E

3 ♂♂ + 2 ♀♀

2n

1993

Berchidda

Italy – Sardinia

40° 46′ N

9° 07′ E

6 ♂♂+ 1 ♀

2n

2001

Isonzo

Italy

45° 19′ N

13° 39 E

9 ♂♂ +1 ♀

2n

2000

Central Asia
Ciokesu

Kazakhstan

47° 14′ N

61° 04′ E

12 ♂♂+ 1♀

2n

2002

Kizilkul

Kazakhstan

43° 44′ N

69° 30′ E

5 ♂♂+ 1♀

2n

2002

Khantau

Kazakhstan

44° 16′ N

74° 07′ E

5 ♂♂+ 1♀

2n

2002

Balkash

Kazakhstan

45° 36′ N

73° 20′ E

1♀

2n

1997

Ala Medin

Kyrgyzstan

42° 25′ N

74° 02′ E

6 ♀♀+8 ♂♂

2n

1999

Bishek

Kyrgyzstan

42° 52′ N

74° 37′ E

2 ♂♂+ 2 ♀♀

2n

1999

Lake Sudochye

Uzbekistan

43° 10′ N

58° 24′ E

6 ♂♂+ 1♀

2n

2003

Karatereng

Uzbekistan

43° 30′ N

60° 25′ E

1 ♂+ 4 ♀♀

2n

2003

Kanal

Uzbekistan

43° 04′ N

61° 24′ E

2 ♀♀

2n

2003

Kuyu Mazar Canal

Uzbekistan

39° 54′ N

64° 42′ E

1 ♂+ 3 ♀♀

2n

2003

Nuratau Mt Ridge

Uzbekistan

40° 56′ N

66° 27′ E

2 ♂♂+ 1♀

2n

2003

Morocco

31° 39′ N

8° 03′ W

8 ♂♂ +1 ♀

2n

2000

North Africa
Marrakesh
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Figure 1. Comparison between male (chromosomes on the left) and female (chromosomes on the right) haploid chromosome sets, stained
with CMA3- (A; male from Berchidda, female from Kizlkul), Q- (B; male from Marrakesh, female from Bishek), and C-banding (male and
female from Calarasi) + sequential staining with Giemsa (C), CMA3(D) and DAPI (E).

to 4 in the 11th pair. Dark and light band proﬁles were
chromosome-speciﬁc, making homologue identiﬁcation and
pairing easy. An identical LR banding pattern was conserved
in all specimens, apart from females from Calarasi
(Moldavia). Their 4th chromosome pair was heteromorphic
because of a large inverted segment on the long arms of one
of the two chromosomes (ﬁgure 2). The probable mode of
inversion is schematized in ﬁgure 3.
4.

Discussion

Specimens from all the studied populations did not show
any difference in their chromosome and chromatinic
characteristics, with the remarkable exception of females
from Calarasi (Moldavia), whose chromosomes of the 4th
pair appear heteromorphic. Since heteromorphism is ﬁxed
in females of this population, it strongly suggests a Z and
W sex chromosome system. Both sex reversal experiments
and breeding tests performed in various anuran families

invariably prove the existence of genetic sex determination
(Schmid et al 1991; Hayes 1998; Sumida and Nishioka
2000; Schmid and Steinlein 2001; Eggert 2004). Though
evolving sex chromosomes represent an important, perhaps
inevitable, step in the evolution of sex determination (Bull
1983), heteromorphic sex chromosomes (HSCs) occur
in relatively few anuran species. Karyological studies,
performed in about 900 out of the almost 5200 species
recognized so far (Frost et al 2006), have documented HSCs
in18 species only (King 1990 and references therein; Schmid
and Steinlein 2001; Schmid et al 2002). They display either
simple or complex male (XX/XY; XXAA/XAAy) or female
(ZZ/ZW; 00/0W) sex chromosome systems, where Y (W)
is completely or partially heterochromatic, homomorphic or
heteromorphic to X(W). Different sex chromosome systems
can be found at various taxonomic levels, such as between
families, genera and even between populations of the same
species (Schmid et al 1990; Nishioka et al 1993; Nishioka
et al 1994; Sumida and Nishioka 1994; Miura 1996; Schmid
and Steinlein 2001; Schmid et al 2002). In other words, sex
J. Biosci. 32(4), June 2007
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Figure 2. Male (A) and female (B) Late-replicating banding patterns of green toads from Calarasi (Moldavia). Note: In B, the 4th
chromosome heteromorphic pair corresponds to the ZW sex chromosomes. W differs from Z because of an inverted segment (hatched)
along its long arm.

chromosomes in anurans may not be directly correlated with
evolutionary history (Schmid and Steinlein 2001).
Our results, however, suggest that the number of anuran
species possessing sex chromosomes may be larger than
known so far. The W chromosome of Moldavian females
is morphologically similar to Z, being as long as this
chromosome, and having equal heterochromatin distribution
and composition. It differs from the Z chromosome only in a
large segment of the long arm of the W chromosome, which
has probably undergone a paracentric inversion. This kind
of rearrangement, which keeps the chromosome morphology
unmodiﬁed, is detectable in amphibians by early (ER)- or
late-replicating (LR) banding pattern techniques only.
G-bands, in fact, are notorious for being non-inducible,
or very difﬁcult to induce, in this class of vertebrates
(Schmid 1978). The detection of an XX/XY sex chromosome system in R. klep. esculenta has been made possible
only by the incorporation of BrdU into the chromosomes
during the synthetic (S) phase of the cells (ER- or LR-banding
techniques). Y and X chromosomes are homomorphic,
J. Biosci. 32(4), June 2007

apart from having a large asynchronous LR band on the
long arm of the Y chromosome (Schempp and Schmid
1981).
The Moldavian Z and W sex chromosomes appear to be
at an early stage of morphological differentiation. Future
analysis of additional Moldavian green toad populations will
show whether the Z and W sex chromosomes are present.
Two contrasting models have been proposed to explain
how the suppression of recombination between X (Z) and
Y (W) segments, containing sex-opposing genes, may be
ensured.
(i) According to Ohno’s model (1967), suppression
occurs by structural rearrangements such as
inversions. Other changes, involving the accumulation of repetitive sequences, are thought to arise later
in the process.
(ii) Jones (1984, 1991) proposed that events of
heterochromatinization or displacements during
replication precede structural rearrangements.
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Figure 3. Late replicating pattern idiograms of Z and W
sex chromosomes showing the schematic representation of the
inversion of the long arm segment (contained between the two
hatched arrows) of the Z chromosome, which arose from the W sex
chromosome in the green toad females from Calarasi.

Both patterns appear to be operative in anurans. The XX/
XY sex system of R. klep. esculenta supports the model
proposed by Jones (1984), since X and Y chromosomes are
homomorphic and differ in a large, LR segment on the long
arm of the Y chromosome (Schempp and Schmid 1981). The
model proposed by Ohno (1967) is supported by the ZZ/ZW
sex chromosomes of our Moldavian population, whose W
is homomorphic to Z and differs only in having a large
inverted segment on its long arm.
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