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ABSTRACT

We investigated the NOR distribution in ten populations of Physalaemus cuvieri from different regions of
Brazil and Argentina. A high variability in NOR pattern was observed and provided a useful tool in grouping
several populations. The specimens from the state of Tocantins, northern Brazil, could easily be distinguished
from all the other analyzed populations, since its karyotype presented NORs in the chromosome pairs 1, 3, 4
and 10 (and sometimes also in chromosome 5), and several pericentromeric C-bands. A NOR-site in
chromosome 9 characterized three populations from the northeastern region of Brazil. Interestingly, the P.
cuvieri populations located in opposite extremes of the geographic distribution had, as a fixed condition, the
presence of NORs in 8q int and 11p. Besides interpopulational divergences, intrapopulational variability was
observed in the number of NORs, except for populations from the states of Bahia and Minas Gerais, which are
boundary states respectively in the northeastern and southeastern regions of Brazil. In relation to NOR size,
interindividual variations occurred in all Brazilian and Argentinean populations. Additionally, intraindividual
variability in NOR size was detected in specimens from Minas Gerais. The data presented herein revealed
substantial geographic polytypic variation in P. cuvieri and indicated that a taxonomic reexamination of this
species is necessary.

Key terms: Anura, chromosome, cytogenetics, NOR, Physalaemus, polymorphic variations,
polytypic variations.

Corresponding author: Luciana B. Lourenço, Departamento de Biologia Celular, Instituto de Biologia, CP6109,
Universidade Estadual de Campinas - UNICAMP, 13083-863, Campinas, SP, Brasil, e-mail: bolsoni@unicamp.br, phone:
+55 19 3521 6108, fax: +55 19 3521 6110.

Received: July 18, 2008. In Revised form: December 12, 2008. Accepted: February 5, 2009

1. INTRODUCTION

The frog genus Physalaemus in South
America belongs to the family Leiuperidae,
together with Edalorhina, Engystomops,
Eupemphix, Pleurodema, Pseudopaludicola
and Somuncuria (Grant et al., 2006).
Currently, the Physalaemus comprises 41
species that are distributed east of the Andes
(Frost, 2007). These species were classified in
seven phenetic groups: “albifrons”, “cuvieri”,

“deimaticus”, “gracilis”, “henselii”, “olfersii”
and “signifer” (Nascimento et al., 2005). Thus
far, no phylogenetic intrageneric relationships
have been proposed for Physalaemus.

The species Physalaemus cuvieri is
widely distributed throughout South
America, occurring in the northeastern,
central, and southern regions of Brazil,
Misiones and Corrientes in Argentina,
eastern Paraguay, Department of Santa
Cruz in Bolivia and possibly lowlands of
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southern Venezuela (Cei, 1980; Manzano et
al. ,  2004; Frost,  2007). Intraspecific
morphological variation has been reported
for this species. In Brazil, where P. cuvieri
occupies a large geographical area, Barreto
& Andrade (1995) observed that
populations of the northeastern and
southeastern regions reproduce in different
seasons. These populations are similar
regarding their reproductive biology and the
seasonal differences seem to be related to
the distinct climatic patterns of those
regions.

In previous cytogenetic analyses, a
marked chromosome variation in number
and localization of NORs was observed
among P. cuvieri specimens from five
localities of southern and southeastern
regions of Brazil (Silva et al., 1999). The
objective of the present work was to further
investigate interpopulational variation of P.
cuvieri by extending the cytogenetic
analysis to populations from the northern
(Tocantins),  northeastern (Maranhão,
Ceará, and Bahia) and southeastern (Minas
Gerais) regions of Brazil, and from the
province of Misiones in the northeastern
region of Argentina.

2. MATERIAL AND METHODS

P. cuvieri populations were sampled in
six Brazilian and four Argentinean
locations, as shown in Table I and Fig. 1.
The Brazilian specimens were sampled in
the states of Maranhão (MA), Ceará (CE)
and Bahia (BA), in the northeastern region
of Brazil, in the state of Tocantins (TO) in
the northern region, and in the state of
Minas Gerais (MG) in the southeastern
region. Voucher specimens (Table I) were
deposited in the Museu de História Natural,
“Prof. Adão José Cardoso” (ZUEC),
Universidade Estadual de Campinas
(UNICAMP), Campinas, SP, Brazil, and in
the Museu Nacional do Rio de Janeiro
(MNRJ), Universidade Federal do Rio de
Janeiro (UFRJ), Rio de Janeiro, RJ, Brazil.
The Argentinean specimens were sampled
in the province of Misiones, northeastern
Argentina, and deposited in the Diego
Baldo (MLP DB) collection, Museo de La

Plata, La Plata, province of Buenos Aires,
Argentina.

Mitotic metaphases were obtained from
suspensions of intestinal and testicular cells
from frogs inoculated with colchicine (2%)
for at least 4 hours (adapted from Schmid,
1978; Schmid et al., 1979). Prior to the
intestine and testes removal, the animals
were deeply anesthetized. Chromosomes
were conventionally stained with 10%
Giemsa solution and processed by the Ag-
NOR method (Howell & Black, 1980) and
also for fluorescence in situ hybridization
(FISH) (Viegas-Péquinot, 1992) using the
rDNA probe HM 123 (Meunier-Rotival et
al., 1979). The C- banding technique (King,
1980) was applied to the Brazilian
populations.

3. RESULTS

3.1. Karyotypes of Brazilian specimens
from Maranhão (MA) and Ceará (CE)

The specimens from Urbano Santos (MA),
São Pedro da Água Branca (MA) and
Crateús (CE) had a diploid complement of
22 biarmed chromosomes and no sex
chromosomes were identified. The
chromosome pairs 1, 2, 5, 6, 10 and 11
were metacentric, whereas the remaining
pairs (3, 4, 7, 8 and 9) were submetacentric
(Fig. 2). Since the size and morphology of
pairs 8 and 9 were very similar in these
three populations, the C-banding technique
was essential in distinguishing between
them; pair 8 had heterochromatic bands
adjacent to the secondary constriction,
probably containing the NOR (Fig. 2b),
whereas dark C-bands coincided with the
NORs in pair 9 (Fig 3). C-banding also
revealed constitutive heterochromatin
interstit ially in the short arm of
chromosome 5, in the telomeric regions of
chromosome pair 1 and in the centromeric
regions of all the chromosomes (Fig. 2b).

The pairs 8 and 9 were NOR-bearing
chromosomes in all the analyzed MA and
CE specimens (Fig. 4a-m). In the specimens
from São Pedro da Água Branca, there was
an additional NOR site in the chromosomal
pair 7 (Figs. 4n-o). The NOR on pair 8
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TABLE I

Sampling localities in which P. cuvieri populations were analyzed for polymorphism in the
NOR pattern. Total numbers of studied specimens and NOR chromosomal locations

detected for each population are indicated. Voucher specimen identification is indicated
between parentheses. MLP DB - Diego Baldo collection; MNRJ - National Museum of

Rio de Janeiro; ZUEC - Zoology Museum of the State University of Campinas; BC -
collection deposited in Department of Cell Biology, IB-Unicamp. Int: interstitial; p: short
arm; per: pericentromeric; q: long arm; ter: terminal. Brazilian States - MA: Maranhão;

CE: Ceará; BA: Bahia; MG: Minas Gerais; TO: Tocantins; SP: São Paulo; RS: Rio Grande
do Sul. MN: Misiones province, Argentina.
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Figure 1: Partial map of South America displaying the ten localities in which the P. cuvieri
specimens analyzed herein were surveyed and the other five sites analyzed by Silva et al. (1999),
roughly identified by solid circles and numbers. The bold letters indicate Brazilian states: BA =
Bahia; CE = Ceará; MA = Maranhão; MG = Minas Gerais; RS = Rio Grande do Sul; SP = São
Paulo; TO = Tocantins. The numbers indicate districts: 1 = Urbano Santos (43.4o W, 3.2o S); 2 =
São Pedro da Água Branca (48.25o W, 5.16o S); 3 = Crateús (40.7o W, 5.3o S); 4 = Palmeiras (41.5o

W, 12.7º S); 5 = Uberlândia (48.3o W, 19.1o S); 6 = Porto Nacional (48.6o W, 10.4o S); 7 = Iguazu,
Misiones (54.55o W, 25.6o S); 8 = Andresito, Misiones (54.08o W, 25.32o S); 9 = Fachinal,
Misiones (55.7o W, 27.48o S); 10 = Posadas, Misiones (55.89º W, 27.44º S); 11 = Boracéia (SP); 12
= Santa Maria (RS); 13-14 = two sites in Rio Claro (SP); 15 = Itatiba (SP).

showed a noticeable size variation among
the populations (Fig. 4) and one of the
specimens (MNRJ 24255) from São Pedro
da Água Branca showed the presence of
NOR in only one member of the
chromosome pair 8 (Fig. 4n). Regarding the
chromosome pair 9, an obvious
polymorphism was detected in both size
and number of the NOR sites in the Urbano
Santos and Crateús specimens. Overall,

eight patterns of NOR distribution in the
chromosome 9 were detected in specimens
from Urbano Santos (Figs. 4a-h), and
another four patterns were observed in
specimens from Crateús (Figs. 4i-l). In the
specimens from Urbano Santos, FISH with
the rDNA probe HM 123 was also used to
confirm the existence of the smaller NORs
observed with the Ag-NOR method (Fig. 4f
and m).
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Figure 2: a-b. Karyotypes of P. cuvieri from Urbano Santos stained by Giemsa (a) and C-banded
(b). c. Karyotype of one specimen from São Pedro da Água Branca (MA) (MNRJ 24255) after C
banding. The inset shows the secondary constriction of pair 7 evidenced by Giemsa-staining. Note
the heteromorphism of pair 8 in all the karyotypes. The arrows point to secondary constrictions and
the arrowheads indicate the C-bands adjcent to them in pair 8. Bar=5 um.
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3.2. Karyotypes of Brazilian specimens
from Bahia (BA) and Minas Gerais (MG)

The karyotypes of the specimens from
Palmeiras (BA) and Uberlândia (MG) were
very similar to those found in Urbano
Santos (MA) and Crateús (CE). The most
conspicuous difference was the absence of
NOR in the chromosome pair 9 of the BA
and MG specimens, which is metacentric in
these populations instead of submetacentric
as it was in all the MA and CE specimen
karyotypes (Fig. 5).

In the BA and MG specimens, a NOR
was detected interstitially in the long arm of
pair 8, adjacent to C-bands (Fig. 5) similarly
to the MA and CE specimens. However, the
short arm of the pair 8 in the BA individuals
showed an interstitial C-band near the
centromere (Fig. 5b), which was absent in
the chromosome 8 of the other specimens.
Moreover, in the BA and MG specimens,
like in the MA specimens, the C-banding
detected an interstitial site in the short arm
of chromosome 5, telomeric bands in
chromosome 1 and in the centromeric
regions of all the chromosomes. In the BA
population interstitial C-bands near the
centromere of chromosome 6 and in the
short arm of chromosome 2 were also
observed (Fig. 5b).

An intriguing intraindividual variation in
NOR size was detected by Ag-NOR staining

Figure 3: NOR-bearing pair 9 of four P. cuvieri specimens from Urbano Santos (MA) treated
sequentially with C-banding (left) and Ag-NOR techniques (right). Note that the same regions were
detected by both methods. Bar=5 um.

in five specimens from the MG population
(Fig. 5e). In four of these five specimens, the
variation in NOR size was also detected by
FISH (Fig. 5d). Another interesting finding
was the absence of NOR in one of the
homologues of pair 8 and the detection by
FISH of an additional NOR site in the short
arm of chromosome 3 in two of the 27
metaphases analyzed of one specimen
(ZUEC 13368) of this same MG population
(Fig. 5f). This additional FISH signal was
not detected by Ag-NOR staining, even
though 26 silver-stained metaphases from
this specimen were analyzed.

3.3. Karyotypes of specimens from
Argentina

As shown in the Fig. 6a, the karyotypes
of the analyzed Argentinean P. cuvieri
specimens had six pairs of metacentric
chromosomes (numbers 1, 2, 5, 6, 9 and 10)
and five pairs of submetacentric
chromosomes (numbers 3, 4, 7, 8 and 11).
The Argentinean P. cuvieri karyotypes
differed from all of the Brazilian specimens
because their single (Figs. 6a and 6b) or
principal NOR (Figs. 6c-e) was detected in
the telomeric region of pair 11. Size
variation for this NOR site was observed in
these specimens, which was most
conspicuous in the specimen from Fachinal,
MLP DB 4192 (Fig. 6b). For the purpose of
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Figure 4: The two NOR- bearing chromosomal pairs (number 8 and 9) from specimens of P.
cuvieri from (a-h) Urbano Santos, (i-l) Crateús and (n-o) São Pedro da Água Branca, after Ag-NOR
staining. The chromosomes shown in n are also seen in the C-banded karyotype in Fig. 2c. In the
São Pedro da Água Branca specimens (n-o) an additional NOR-bearing chromosome was detected
(pair 7) by the same technique. In m, the NOR-bearing chromosome pairs 8 and 9 of one P. cuvieri
specimen from Urbano Santos after FISH with the rDNA probe HM 123. The arrow indicates a
small NOR near the centromere of one homologue of pair 9 and the arrowhead indicates an
interstitial small NOR in the other homologue of the same chromosomal pair. Note the similarity to
the NOR pattern shown by silver staining in f. Bar=5 um.
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interpopulational comparative analysis, the
NOR-bearing arm of chromosome 11 was
considered as the short one, according to
the descriptions reported by Silva et al.
(1999, Table 1 of this work) for the
karyotypes of P. cuvieri populations from
the southern (Santa Maria - RS) and the
southeastern (Boracéia - SP and Rio Claro -
SP) regions of Brazil. Additional NORs
were found in the long arm of chromosome
1 (Fig. 6c) and near the pericentromeric
regions of the chromosome 8 (Fig. 6d) and
7 (Fig. 6e). At difference of the Brazilian
populations, no interstit ial NOR was
detected at pair 8 in the Argentinean
specimens.

3.4. Karyotypes of Brazilian specimens
from Tocantins (TO)

The specimens sampled in Porto Nacional
(TO), at the north of Brazil, showed

Figure 5: Karyotypes of P. cuvieri from Bahia after (a) Giemsa staining, (b) C-banding and (c) Ag-
NOR staining. The insets in a and b show the chromosomal pair 8 of P. cuvieri from Minas Gerais.
In c, the inset shows the NOR-bearing pair after in situ hybridization with an rDNA probe. d-e.
NOR- bearing chromosome 8 from different cells of a P. cuvieri specimen (ZUEC 13366) from
Minas Gerais, which were submitted to (d) FISH with the rDNA probe HM 123and (e) Ag-NOR
staining. Note that variations in NOR sizes were detected by both techniques (d,e). In f, the
karyotype of another P. cuvieri specimen (ZUEC 13368) from MG after FISH with the rDNA probe
HM 123. Note the interesting fluorescent signals in the short arm of only one chromosome of pair 3
and one of the homologues of pair 8. Bar=5 um.

karyotypes that have similar chromosome
morphology, to those previously described
for all the Brazilian and Argentinean
specimens (Fig. 7), but their NOR patterns
were very different from those detected in
the specimens of all the others populations.
In the TO specimens, a larger number of
NOR sites were detected by silver staining
(Figs. 7a, b) and FISH with the rDNA probe
HM 123 (Fig. 7c, d). The NOR sites
revealed by both methods were observed in
Giemsa stained metaphases as secondary
constrictions located in the pericentromeric
regions of chromosomes 1, 3, 4, and 10
(Figs. 7a-e) and, in two specimens, also in
chromosome 5 (Figs. 7b, d-e). Besides,
some heterochromatic regions that were
detected by C banding in the TO specimens
(arrowheads in Fig. 7f), also reacted
positively with the silver staining technique
and hybridized with the rDNA probe HM
123 with the FISH technique (Fig. 7a-d). In
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Figure 6: Chromosomes of the five P. cuvieri specimens of from the north of Argentina analyzed
(a-e) stained by Giemsa or silver impregnated (insets). In b-e, only the NOR-bearing chromosome
pairs are shown. Bar=5 um.

general,  these additional sites were
observed either as brown blocks in silver
impregnated metaphases, even when the
NORs were black, or as small dots in
metaphases treated with the rDNA probe.
Because of these uncommon characteristics,
only the pericentromeric sites in
chromosomes 1, 3, 4, 5 and 10 were
considered as constant and typical NORs.
C-bands were also revealed at the
centromeric region of all the chromosomes,
the short arm pericentromeric region of
chromosome 7, the long arm telomeric
region of chromosome 1 and as an
interstit ial band in the short arm of
chromosome 5 (Fig. 7f).

4. DISCUSSION

The karyotypes of the P. cuvieri specimens
from the different localities examined in the
present work were quite similar regarding
their chromosome numbers and
morphologies (2n = 22; NF = 44). These
results are in agreement with previous
reports on other species of the genus
Physalaemus (Beçak et al., 1970; Denaro et
al., 1972; De Lucca et al., 1974; Amaral et
al. ,  2000; Silva et al. ,  2000). The
similarities in chromosome morphology and
C-banding pattern were observed mainly in
the first seven chromosomal pairs of the
karyotype, which seem to be considerably
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conserved in the Physalaemus genus. The
apparent inversion in the ordination of pairs
3 and 4, observed by comparing different
karyotypes, most likely was due to inherent
variations in the method used for
chromosomal size analyses and also the
sample used for it, since these pairs were
very similar in size).

All P. cuvieri specimens showed small
amounts of centromeric heterochromatin
and a conspicuous interstitial C-band in the
short arm of chromosome 5, being so in
agreement with a previous report on this
same species (Silva et al., 1999). The
intensity of an interstitial C-band in the
short arm of chromosome 2 varied among
the P. cuvieri populations, being more
evident in the population from Rio Claro
(Silva et al. ,  1999) and in the BA
specimens. Such differences may reflect
polytypic variations in the size of
heterochromatic bands, although the
hypothesis that they resulted from technical
difficulties in detecting these small C-bands
cannot be excluded. An additional

difference was observed in a C-band of the
short arm of pair 8, which was detected
only in the BA specimens. This C-band
could be responsible for the metacentric
morphology of this chromosome pair in the
BA individuals, since in the other analyzed
populations the pair 8 was submetacentric.

4.1. Polytypic and polymorphic variations
of NOR

The detected NOR variation was
considerably higher than those of the C-
banding patterns in the P. cuvieri
karyotypes. In this species, most of the
populations so far analyzed showed more
than one NOR bearing chromosomal pair.
In a previous study, Silva et al. (1999)
described a maximum of five NOR-bearing
chromosomes localized in four
chromosomal pairs of one P. cuvieri
specimen from the site B in Rio Claro (São
Paulo), southeastern Brazil. Although
additional NORs were commonly found in
the southeastern Brazilian sites studied by

Figure 7: Karyotypes of P. cuvieri TO specimens after (a,b) Ag-NOR staining, (c,d) FISH with the
rDNA probe HM 123, (e) Giemsa staining and (f) C-banding. The inset in e shows the
chromosomal pair 10 of the same individual, with a more evident secondary constriction. The
NORs were indicated by arrows in a-e. The arrowheads point other sites detected by (a,b) Ag-NOR
staining and (c,d) FISH, found only in some metaphases of different individuals. Note that these
regions were also C-banded (arrowheads in f). Bar=5 um.
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Silva et al. (1999), chromosome 8 was the
principal NOR bearing chromosome in
three of the studied localities from
southeastern and south Brazil. On the other
hand, in the karyotypes of specimens from
Boracéia, São Paulo, southeastern Brazil,
and Santa Maria, Rio Grande do Sul (RS),
southern Brazil, chromosome 11 was the
only NOR-bearing chromosome (Table I
and Silva et al., 1999).

In the populations from the northeastern
region of Brazil, the long arm of pair 8
always borean interstitial NOR. On the
other hand, this NOR of 8q was not found
in the Argentinean populations. In the
karyotypes of the specimens from
Argentina, the main NOR was located in
terminal region of the short arm of
chromosome 11, the same site occupied by
the NOR in karyotypes of specimens from
Boracéia and Santa Maria (Table I; Silva et
al., 1999). This terminal NOR on 11p was
also described in five of the six studied
specimens from Rio Claro (Silva et al.,
1999), but in that case it was not the
principal NOR site and the specimens were
heterozygous for its presence. In contrast,
there was no NOR in the 11p ter of any
specimen from the northern (TO) and
northeastern (MA, CE and BA) analyzed
Brazilian populations. It is interesting to
note that the populations containing a NOR
in 8q int and in 11p ter,  as a fixed
condition, represented opposite extremes in
the P. cuvieri geographic distribution.

The MA and CE specimens were the
only ones with the NOR located on
chromosome pair 9. The high variation in
the number and size of NOR sites in these
northeastern Brazilian populations
generated considerable morphological
variation in the chromosome 9. In some
cases, a clear distinction between pairs 8
and 9 was possible only by analyzing C-
banded metaphases after silver
impregnation since the NORs in pair 9 were
also C-banding-positive. A possible
explanation for the detection of NORs by
C-banding was suggested by King et al.
(1990), that based on hylids studies,
considered the presence of repetitive
sequences, that would be C positive, in the
intergenic spacers of the ribosomal DNA.

These interpopulational divergences
allowed a clear distinction between a group
of populations from the northeastern Brazil
and the populations from the southern
Brazil and Argentina. Moreover, there was
more similarity among the populations in
the transitional area of Amazon-Cerrado-
Caatinga (São Pedro da Água Branca-
Urbano Santos-Crateús) than between the
two populations from the Cerrado (Urbano
Santos-Uberlândia) or from the Caatinga
(Crateús-Palmeiras). Because P. cuvieri
lives in open areas within these three
biomes (for a brief description of these
biomes, see http://www.ibge.gov.br/home/
p r e s i d e n c i a / n o t i c i a s /
noticia_visualiza.php?id_noticia=169), the
similarities seems to be more related to the
geographic distances than with the
environmental differences.

The number and chromosomal
distribution of the NORs in the specimens
of the TO population differed greatly from
all the other P. cuveri populations,
including those that live geographically
very near to it. Similarly to the studied
population from Rio Claro (Silva et al.,
1999) several NOR-bearing chromosomes
were present in the TO population, but the
typical NOR sites of chromosomes 8 and
11, commonly found in the other
populations of this species, were never
detected. NOR sites in the TO specimens
were observed always in chromosomal pairs
1, 3, 4, 5 and 10. As well,  some
heterochromatic sites detected in many
metaphases from different individuals
reacted positively to the silver staining
technique and FISH with an rDNA probe.
We have hesitated to consider those
heterochromatic sites as functional NORs,
although they have some homology wih an
rDNA probe, because they are generally
seen as brown sites in silver impregnated
metaphases and as small dots in metaphases
hybridized with rDNA. Moreover, they
were not always present in the metaphases
of the different individuals, or not even in
all  the metaphases within the same
specimen.

Although the Ag-NOR method has been
largely used for NOR detection, silver
marks that do not correspond to functional
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NORs have been described in several
cytogenetic studies (Sumner, 1990; Sánchez
et al., 1995; Dobigny et al., 2002) and in
some papers such findings have been
attributed to the heterochromatic nature of
these sites (Nardi et al. 1978, De Lucchini
et al., 1997). These data were in accordance
with our present interpretation of the results
found in P. cuvieri TO karyotypes. In the
anuran Leptodactylus mystacinus several
non-NOR sites were present in silver
stained metaphases, but were not detected
by FISH with rDNA probe (Silva et al.,
2006). The detection of heterochromatic
regions by FISH with rDNA probe had been
previously reported by Martins et al.
(2006). In that study, a probe of 5S
ribosomal gene detected a satellite DNA in
the centromeric regions of the fish Hoplias
malabaricus chromosomes The positive
signals obtained by FISH with an rDNA
probe in the C positive bands of P. cuveri
TO karyotypes here described suggest that
these heterochromatic sites could be
derived from ribosomal genes, similarly to
those observed by Martins et al. (2006) for
5S rDNA. Further experiments could test
this hypothesis and we cannot discard the
posibility that those sites are actually small
NORs, with few ribosomal cistrons. Despite
the intriguing nature of these sites, they
were found exclusively in the TO specimen
karyotypes and could be considered as a
distinguishing characteristic of this
population.

4.2. Intraindividual variation in the NOR
site

Inter- and intrapopulational variation in
NOR size is common in anurans (Schmid,
1982; Lourenço et al., 1998; 2003; Silva et
al., 1999; Wiley, 2003; Siqueira-Jr et al.,
2004). However, intraindividual variations
in NOR are rare in these amphibians. Silva
et al.  (1999) reported intraindividual
variation in the Ag-NOR pattern of two P.
cuvieri specimens from Rio Claro (SP),
attributing this variation to differential
regulation in the expression of ribosomal
genes. In the present work, the MG
specimens showed intraindividual variation
in the size of the chromosome 8 NOR,

which was detected by both Ag-NOR
staining and FISH with rDNA probe.
Because this size variation was detected by
both techniques, we suggest that i t
corresponds to real size diversity in the
NOR site instead of differential regulation
of its expression. Unequal sister chromatid
exchange is commonly suggested as a
mechanism responsible for the occurrence
of amplifications/deletions in NORs
(Motovali-Bashi et al., 2004) and can
account for the size variation described
herein. FISH analysis also revealed
additional intraindividual variation of
chromosome 3 in some metaphases of one
MG specimen. Although this site was not
detected by Ag-NOR staining and was
detected only sporadically by FISH, the
possibility that it may correspond to an
active NOR cannot be excluded.

4.3. Concluding remarks

The NOR pattern diversity of the P. cuvieri
frog populations from several regions of
Brazil  and Argentina allowed the
identification of variations along the
geographic distribution of P. cuvieri and
some population groups could be
recognized. One of them includes the
populations from Urbano Santos (MA), São
Pedro da Água Branca (MA) and Crateús
(CE), in the northeast region of Brazil. On
the other hand, the comparative analysis of
the NOR, C band patterns and FISH signal
after hybridization with an RNA probe,
showed that the karyotype of the TO
specimens, in the northern region of Brazil,
greatly differed from all of the other P.
cuvieri populations analyzed so far. The
data presented herein revealed substantial
geographic polytypic variation in the P.
cuvieri species and indicated that a
taxonomic review of this species is
necessary. This review can be improved
through further morphological and acoustic
assessments.
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