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Comparative cytogenetic studies of Bufo ictericus, B. paracnemis (Amphibia,
Anura) and an intermediate form in sympatry
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Abstract

Specimens of Bufo ictericus, Bufo paracnemis and a third type, considered an intermediate subgroup between these
species, were cytogenetically studied by conventional Giemsa staining, C-banding and staining of the nucleolus
organizer region (NOR). The nuclear DNA content and seroproteins were also analyzed to characterize these
species, and verify the possibility of hybridization between them. Karyotypes and cytogenetic markers were
essentially equal on the basis of the methods used. The DNA nuclear content found was 6.25 + 0.30 pg/DNA in Bufo
ictericus; 7.57 = 0.40 pg/DNA in Bufo paracnemis and 7.04 + 0.29 pg/DNA in the intermediate subgroup.
Eletrophoresis of total blood serum in Bufo ictericus, Bufo paracnemis and the intermediate specimens revealed a
remarkable difference in the patterns of the protein bands whose molecular weight corresponded to that of albumin.
While the parental species presented two different bands, the intermediate form presented 4. However, only three of
these bands were seen in each specimen. The results obtained pointed to a high probability for natural hybridization
between Bufo ictericus and Bufo paracnemis in the site and specimens studied.
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Introduction

Anura have usually been studied from the morpho-
logical and ecological point of view. The Bufo genus is of
particular interest for studies regarding evolution and re-
productive isolation mechanisms (Haddad et al., 1990), due
to its cosmopolitan distribution and easy interbreeding in
nature. Many authors have reported hybridization among
the members of this genus in areas of sympatry (Blair,
1941; Thornton, 1955; Sullivan, 1986; Schlyter et al.,
1991; Gergus et al., 1999 and Malmos et al., 2001). Ac-
cording to Wells (1977), the high frequency of hybridiza-
tion can be explained by the reproductive mechanisms,
such as external fertilization or the non-territoriality of ob-
served in the group.

“Pre-zygotic” mechanisms of reproductive isolation
prevent inter-species breeding while “post-zygotic” mech-
anisms do not always prevent the formation of descendents
(Mayr, 1977). However, hybrids are not very successful
due to sterility, or either partial or total lack of viability.
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Blair (1955) believes that natural selection reinforces isola-
tion mechanisms against hybridization in the form of a
handicap against the hybrid in the competition with the pa-
rental types. Hybridization has attracted the interest of tax-
onomists and evolutionists because the study of this
process in nature is of great value in obtaining answers to
questions regarding the mechanisms involved in the pro-
cess of evolution and species formation in the group. Even
so, little effort has been made toward obtaining consistent
data regarding hybridization success in nature. Therefore,
the few isolated facts available in the literature are ex-
tremely useful in the evaluation of this part of the evolu-
tionary process, according to Blair (1974).

Kloss (1972) reported the existence of inter-gradient
forms between Bufo ictericus and B. paracnemis in transi-
tion zones between brush, prairies, forest, and clearings.
Jim (1980) also refers to the “topo da cuesta”, an area lo-
cated in Botucatu, Sdo Paulo, Brazil, as an intermediate
area where these species occur, and reported the difficulties
encountered in identifying the material collected in this re-
gion due to the morphological variations presented by the
samples collected. More recently, Kasahara et al. (1998)
have reported the occurrence of a Bufo specimen with an in-
termediate phenotype between B. paracnemis and B.
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ictericus. The occurrence of these intermediary types could
have resulted from forest clearing and damming of water
courses, which cause environmental alterations and affect
the degree of isolation among the species (Blair, 1941). The
increase in the degree of interaction among these species
could be interfering in their reproductive strategies, affect-
ing the hybridization frequency (Gergus ef al., 1999).

Bufo ictericus and B. paracnemis are phylogeneti-
cally closely related (Blair, 1972; Frost, 1985), and the in-
termediate forms observed could be due to the anatomical
similarities, or the possible occurrence of crossbreeding.
The purpose of this study was to enable a better understand-
ing of the relationships between Bufo species and taxo-
nomic studies of the group by characterizing the B.
ictericus and B. paracnemis samples found in the region of
Botucatu, Sdo Paulo, Brazil, and also to test the hypothesis
of hybridization between these species by comparing the
results obtained from samples considered as parentals and
supposedly hybrids (anatomically intermediate).

Material and Methods

Seven of Bufo ictericus specimens, 4 of B.
paracnemis, and 4 of an intermediate form (Figure 1), were
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collected in a man-made lake with shoreline vegetation at
Estancia Funari, Botucatu, Sao Paulo, Brazil (S.
22°53°12,9” and W. 48°29°46,6”). The collection site was
selected because it was an altered environment.

All the specimens, after sacrifice, were fixed in 10%
formaldehyde, preserved in 70% alcohol and kept in the
collection of the Department of Zoology - UNESP,
Botucatu, Sao Paulo, Brazil.

Cytogenetic techniques

Mitotic cells were obtained by the injection of a bio-
logical yeast solution, as described by Cole and Leavens
(1971), followed by lymphocyte cellular culture as de-
scribed by Fenocchio and Bertollo (1988). For staining, the
slides were covered with Giemsa solution buffer. For the
determination of the number and location of Nucleolus Or-
ganizer Regions (NORs) in the karyotypes, silver-ion
(AgNO;) impregnation was used according to a method
originally described by Howell and Black (1980).
C-banding pattern was obtained as proposed by Sumner
(1972). The karyotypes of the species under study were not
different from those of other populations previously stud-
ied. Therefore, the formats of distribution and chromosome

Figure 1 - Representative individuals of the species studied. (a) Bufo ictericus; (b) Bufo paracnemis; (c e d) Intermediate Type. Bar =2 cm.
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presentation were according to the system used by Blair
(1972) and Kasahara et al. (1996), among others.

Nuclear DNA quantification

Blood cell smears from each specimen were prepared
as described by Gold and Price (1985), with 10-minute hy-
drolysis. Quantitative analyses of the nuclei were per-
formed with the software OPTIMAS, 4.1 version.

Seroprotein electrophoresis

Seroproteins were studied as described by Hames and
Rickwood (1990). The method of alkaline electrophoresis
(pH = 9.0) was used, in polyacrylamide gel, in separate
containers, at 10% concentration in the separation gel, and
at 4% in the topping gel.

Results

The diploid number was 2n = 22 in Bufo ictericus, B.
paracnemis and the individuals considered as intermediate
forms. All of chromosomes were submetacentric and meta-
centric in all samples analyzed. The presence of secondary
constrictions was observed on the short arm of pair 7, coin-
ciding with the NORs (Figure 2). This description is the
same as that decrypted by Blair (1972) and Kasahara et al.
(1996).
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Figure 2 - Karyotypes with details of the NOR-bearing pair in the boxes.
(a) Bufo ictericus; (b) Bufo paracnemis; (c) Intermediate Type.
Bar =10 um.
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The detection of constitutive heterochromatin by the
C-banding technique revealed that all preparations of B.
ictericus, B. paracnemis, and the intermediate form studied
showed positive marks in the centromeric regions of all
chromosomes, which were more evident in the larger pairs.
In the majority of metaphases, pair 7 presented a
heterochromatic interstitial block, coincident with the sec-
ondary constriction. Faint telomeric and interstitial marks
could be observed in some chromosomes of some meta-
phases (Figure 3). In one individual of the B. paracnemis
sample, 12 silver-stained metaphases were examined. Five
of them presented centromeric marks in all chromosomes
(Figure 4).

The average nuclear DNA content found in B.
ictericus was 6.25 £ 030 pg DNA/nucleus, in B.
paracnemis, it was 7.57 £ 0.40 pg and the intermediate
form presented an average of 7.04 £+ 0.29 pg DNA/nucleus
(Table 1).

Eletrophoresis of total blood serum in Bufo ictericus,
Bufo paracnemis and the intermediate specimens revealed
a remarkable difference in the patterns of the protein bands
whose molecular weight corresponded to that of albumin
(Figure 5). The analysis of these bands indicated that both
species considered as parental presented at least one large
band whereas the intermediate form presented at least three
distinct bands.

Discussion

Cytogenetics

The karyotypes of B. ictericus, B. paracnemis and the
form with intermediate characteristics between the first
two, shared the same karyotype pattern observed in practi-
cally all the species of the genus, in line with the report by
Bogart (1972). Henderson et al. (1972) and Hsu et al.
(1975) have already observed that NORs are usually found
in zones of secondary constriction, as seen in the present
work. In general, these marks exhibited equivalent sizes in
the same metaphase.
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Figure 3 - Bufo paracnemis metaphase submitted to the silver staining
technique presenting marks in the centromeric regions of the chromo-
somes. Arrows point to NORs on the chromosomes of pair 7. Bar =10 um.
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Figure 4 - Karyotypes stained according to the C-banding technique. (a)
Bufo ictericus; (b) Bufo paracnemis; (c) Intermediate Type. Bar =10 um.

Table 1 - Diploid number and DNA content values, in picograms (pg),
observed in the Bufo species and in the Intermediate form analyzed.

Toads analyzed 2n Nuclear DNA
(M/F) content (pg)
Bufo ictericus 5/2 22 6.25+0.30
Bufo paracnemis 3/1 22 7.57 +0.40
Intermediate form 3/1 22 7.04 +0.29

M: Male; F: Female.

m

-

| |
® =i
a4 m
"

"l"ll

Alb

+.6603.. ‘

Figure 5 - Polyacrylamide gel electrophoresis showing the characteristic
pattern of blood serum proteins of Bufo ictericus (Bi), Bufo paracnemis
(Bp) and the Intermediate Type (It). O: Origin; Alb: Bands corresponding
to albumin.
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In amphibians, especially in Anura, NORs tend to be
coincident with positive C-band regions, and may present
large C-band positive blocks associated with them (King,
1988, 1990; King et al., 1990). With regard to constitu-
tional heterochromatic detection, the species B. ictericus
and B. paracnemis and the intermediate form studied in this
research were C-band positive in the centromeric region in
all chromosomes. In the majority of the metaphases, pair 7
showed an interstitial C-band, coinciding with the region of
secondary constriction and with NORs. This pattern did not
differ from those found in the other species belonging to the
marinus group (Schmid, 1978, 1980; Schmid and Almeida,
1988; Kasahara et al., 1996), based on which Kasahara et
al. (1996) suggested that the pattern observed could charac-
terize this morphological group.

In one B. paracnemis specimen studied herein,
centromeric marks were observed in metaphases submitted
to silver-staining. According to Sumner (1990 although of
wide spread use, this method is not specific for NORs, since
heterochromatin, kinetocore or other acid proteins may also
occasionally be marked. However, these structures, when
marked, are easily distinguished from NORs by clear dif-
ferences in shape and color, as observed here.

The results obtained in the application of these
cytogenetic techniques did not permit the differentiation of
the species. However, the karyotypic stability described for
these species was also identified in the samples from the
Botucatu region, Sao Paulo, Brazil.

Nuclear DNA content

Quantification of nuclear DNA has been conducted in
various frog species before and the data obtained have dem-
onstrated that the quantity of nuclear DNA is constant for
each species. Therefore, as a particular characteristic, it
might be used to distinguish each given species (Herrero et
al., 1993; Cavallo et al., 2002). Mean nuclear DNA content
was 6.25 £ 0.30pg DNA/nucleus in B. ictericus and 7.57 +
0.40pg in B. paracnemis, while in the intermediary form it
was 7.04 £ 0.29pg DNA/nucleus, characterizing the latter
as an intermediate form between B. ictericus and B.
paracnemis. Comparisons between parental and intermedi-
ary types showed significantly different values only in pa-
rental types (Table 1). Therefore, under the given
conditions, the methodology utilized can be considered ef-
fective at the level of species, in systematic studies of the
group. Furthermore, the DNA-nuclear content found in the
intermediate forms showed an intermediary value between
the means obtained in the other two species, suggesting the
occurrence of a hybridization process between B. ictericus
and B. paracnemis. The same analysis was done by Cavallo
et al. (2002), in a study of diploid and tetraploid popula-
tions of Bufo viridis and they considered as hybrids the
triploid individuals found in one population.

This approach was also used by Diaz (1986), who
considered that the nuclear DNA content could be a useful



Cytogen., DNA, Seroproteins in Bufo

parameter in the phylogenetic analysis of that group. This is
based on the fact that many closely related species possess
the same diploid number and very similar, or even identi-
cal, chromosomal morphology, exhibiting, nonetheless,
considerable difference in nuclear DNA content (revised by
King, 1990). Northland et al. (1990) also considered that
comparative studies of nuclear DNA content were relevant,
when comparisons were made among groups with rela-
tively close phylogenic characteristics.

Seroprotein electrophoresis

With the results obtained with the electrophoresis
technique for the protein bands whose mobility corre-
sponded to that of albumin, it was possible to observe a
clear and neat difference between the band patterns of the
intermediate types and the species B. ictericus and B.
paracnemis. The two latter species were identified by two
distinct bands in the region corresponding to the albumin
while four bands were observed in the intermediate forms,
three in each animal.

This is probably not a populational polymorphism as
described by Bertini and Cei (1960), because small popula-
tions possess reduced heterozygosity levels (Futuyma,
1992). The polymorphism found in B. ictericus and B.
paracnemis differs widely in the patterns of albumin bands
from that found in the intermediate forms. Furthermore,
there is also the possibility of hybridization between one of
the two parental species studied in this work and another
species found in the study site, such as Bufo crucifer, for ex-
ample. However, the species B. ictericus and B.
paracnemis were selected for this study because they are
morphologically more similar to the intermediate form.

According to Sage and Selander (1979), protein elec-
trophoresis can reveal hybridization zones because they
sometimes contain rare alleles not found in any of the pa-
rental semi-species. Such alleles may have resulted from a
high mutation index in the hybrid genoma, or be formed by
intra-genetic recombination between different alleles of the
parental populations. The results, therefore, suggest that
hybridization occurs between B. ictericus and B.
paracnemis.
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