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We studied ten specimens of Physuluemus cutiieri collected at  different localities in Brazil using conventional staining and 
banding techniques. All specimens had 2n = 22. There were karyotypic variants: distinct patterns in the number and 
chromosome localization of Ag-NORs as well as in the corresponding secondary constrictions. Preliminary C-banding 
patterns obtained for specimens from two localities are also suggestive of karyotypic differentiation in P. cucieri. 
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The genus Physalaemus of the subfamily Leptodactyli- 
nae comprises 39 species which are distributed 
throughout Mexico and South America (FROST 1985; 
DUELLMAN 1993; POMBAL and MADUREIRA 1997). 

To date, about 20 species (four Physalaemus were 
not taxonomically identified) have been karyotyped, as 
reported in reviews by KING (1990), KURAMOTO 
(1990), and SILVA (1998). The cytogenetic studies were 
mainly performed on conventionally stained chromo- 
some preparations; only a few of the descriptions have 
been based on differential staining techniques. All 
species have a diploid number of 22 chromosomes. By 
examining the available karyograms (BECAK 1968; 
BECAK et al. 1970; DENARO 1972; DE LUCCA et al. 
1974; SILVA 1998), it was possible to recognize two 
basic karyotypic formulas for the genus. One com- 
prises only metacentrics and submetacentrics whereas 
the other, although very similar to the former, also 
includes a pair of small telocentric chromosomes. 

Here, we report the results of a cytogenetic analysis 
on Physalaemus cuvieri collected at different localities 
in Brazil, using conventional Giemsa staining, Ag- 
NOR staining, and C-banding. We observed a very 
unusual intraspecific variation in the number and 
chromosome localization of the nucleolus organizer 
regions. 

MATERIAL AND METHODS 

We studied ten males of Physalaemus cuvieri col- 
lected in the State of Rio Grande do Sul (RS) and 

in the State of S5o Paulo (SP), Brazil (Table 1): 2 
specimens from Santa Maria, RS, 1 specimen 
from Boraceia, SP, 1 specimen from Itatiba, SP, 
and 6 specimens from Rio Claro, SP. The speci- 
mens included in the sample from Rio Claro, SP, 
were caught in two distinct regions of this munici- 
pality: 4 males in Sitio Santa Marta (site A) and 2 
males in Sitio Canta Claro (site B). These sites are 
located about 15 km from each other and about 15 
km N and NW, respectively, from Rio Claro, SP. 
The voucher specimens were deposited in the am- 
phibian collection of the Departamento de Zoolo- 
gia, Instituto de Biociencias, UNESP, Rio Claro, 
SP, Brazil. 

Chromosome spreads were obtained from direct 
cytological preparations of bone marrow, liver, 
spleen, and testes of animals treated with colchicine, 
according to the procedure of BALDISSERA et al. 
(1 993), with minor modifications. 

To improve the mitotic index, we injected phyto- 
hemagglutinin-P (Difco) in some specimens before 
colchicine treatment, at the proportion of 0.1 
m1/10 g body weight, 48 to 72 hours before 
sacrifice. This procedure was based on BAKER et 
al. (1971) and WILEY (1982). Conventional stain- 
ing was made with Giemsa diluted in phosphate 
buffer, pH 6.8. Ag-NOR staining was obtained 
by the technique of HOWELL and BLACK (1980) 
and C-banding patterns, according to SUMNER 
(1972). 
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RESULTS 

The diploid complement of Physalaemus cuvieri is 
2n = 22. It consists of metacentric and submetacen- 
tric chromosomes: the first seven pairs are large to 
medium-sized and the remaining four pairs are of 
small size. Due to variable number and chromosome 
localization of the nucleolus organizer regions, kary- 
otypic variants were recognized in the sample of P. 
cuvieri. 

The specimens from Santa Maria, RS, and Bora- 
ctia, SP (Table 1) had a secondary constriction at the 
terminal region of the short arms of chromosome 
pair 11, visualized in both or in only one of the 
homologues (Fig. la). In these specimens, there was a 
single pair of Ag-NORs per metaphase spread, lo- 
cated in the secondary constriction of pair l l  (Fig. 
la). 

In the specimen from Itatiba, SP (Table I ) ,  a 
conspicuous secondary constriction was observed in 
chromosome pair 8 in the interstitial region of the 
long arms (Fig. lb). The Ag-NORs were located in 
the secondary constriction of both homologues of 
pair 8 (Fig. lb). 

The frogs in the sample from Rio Claro, SP, which 
were collected at two distinct sites (Table I), showed 
a wide range of chromosome localization for multiple 
nucleolus organizer regions, so that other karyotypic 
variants were recognized in P. cuvieri. In one male 
collected at site A, the secondary constriction and 
Ag-NOR stains were located interstitially in the long 
arms of both chromosomes of pair 8 and at the 
terminal region in the short arms of one of the 

Table 1. Collection locality, number of specimens, and 
chromosome locution qf Ag-NORs 

Collection Number of Location of the 
Locality Specimens Ag-NORs 

Santa Maria, 2 I l p  ter l l p  ter 

Boraceia, SP 1 l l p  ter l l p  ter 
Itatiba, SP 1 8q int 8q int 
Rio Claro, SP 6 
site A 1 8q int 8q int l l p  ter 

2 8q int 8q int l l p  ter 
q int q ter 

1 8q int 8q int 3q int 

1* 5p int 7q int 8q int 
p int 8q int l l p  ter 

RS 

site B 1* 8q int 8q int 1 lp  ter 

p = short arm; q = long arm; int = interstitial; ter = termi- 
nal. 
* specimens with intraindividual variation in Ag-NOR pat- 
terns. The maximum number of Ag-NORs is indicated for 
each specimen. 

G 7 0 9 1 1  10 a 

6 7 8 9 10 11 b 

Fig. 1. a and b. Giemsa-stained karyotypes and Ag-NOR- 
stained chromosomes (inset) of Physuluemus cuvieri (2n = 
22). a Male from Santa Maria, RS, presenting secondary 
constriction and Ag-NOR in the chromosomes of pair 11. b 
Male from Itatiba, SP, presenting secondary constriction 
and Ag-NOR in the chromosomes of pair 8. 

homologues of pair 11 (Fig. 2a). One specimen col- 
lected at site B presented the same karyotype variant, 
but secondary constrictions were observed only in 
one of the chromosomes 8 and in one chromosome 
11. The majority of its Ag-stained metaphase spreads 
exhibited three NORs. Some rare metaphases showed 
two Ag-NORs: one in chromosome 8 and one in 
chromosome 1 1. 

Two other frogs from Rio Claro, SP, collected at  
the site A (Table 1) also had nucleolus organizer 
regions in pair 8, in the interstitial region of the long 
arms, and in one of the chromosomes of pair 11 (Fig. 
2b). The secondary constriction was not always seen 
in both homologues of pair 8. In this karyotypic 
variant, one chromosome 11 showed altered mor- 
phology, i.e., it was subtelocentric, with a terminal 
secondary constriction in the short arms as well as 
one or two interstitial secondary constriction in the 
long arms (Fig. 2b; Fig. 4b). Ag-NOR staining was 
obtained for only one of the specimens. It showed 
Ag-NORs in both chromosomes 8 and an atypical 
pattern along chromosome 11: one Ag-NOR was 
located at the terminal position of the short arms, 
one at the terminal position of the long arms, and 
one in the interstitial region of the long arms (Fig. 
2b). Even though in this specimen one of the homo- 
logues of pair 5 sporadically had a secondary con- 
striction in the short arms (Fig. 2b), Ag-NOR 
staining was never observed in any of the elements of 
this chromosome pair. 

Another frog collected at  site A (Table 1) had 
interstitial secondary constrictions in the long arms of 
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the two chromosomes of pair 8 and in one of the 
homologues of pair 3 (Fig. 2c). These secondary 
constrictions correspond to the Ag-NORs in the 
chromosome complement of this specimen (Fig. 2c). 

Finally, one male collected at site B (Table 1) had 
multiple nucleolus organizer regions scattered along a 
larger number of chromosomes. Fig. 3 shows the 
maximum number of Ag-NORs, distributed on five 
different chromosomes, but the most frequent pattern 
consisted of Ag-NORs located in four chromosomes: 
in the interstitial region of the short arms of one 
chromosome 5, in the interstitial region of the long 
arms of one chromosome 7, in the interstitial region 
in both of the short arms and of the long arms of one 
chromosome 8, and at the terminal region of the 
short arms of one chromosome 11. Other less fre- 
quent patterns were observed in the cell sample, in 
which some nucleolus organizer regions did not ap- 
pear as transcriptionally active Ag-NOR stains. The 
conventionally stained metaphase spreads in this 

Fig. 2. a-c. Giemsa-stained karyotypes and Ag-NOR- 
stained chromosomes (inset) of Physalarinus cucirri (2n = 

22) from Rio Claro, SP (site A). a Male presenting 
secondary constriction and Ag-NOR in the chromosomes 
of pair 8 and in one chromosome 11. b Male presenting 
secondary constriction and Ag-NOR in the chromosomes 
of pair 8 and in one chromosome 1 1  with altered morphol- 
ogy. c Male presenting secondary constriction and Ag- 
NOR in the chromosomes of pair 8 and in one 
chromosome 3. 

specimen rarely had negative heteropycnotic sec- 
ondary constrictions. This structure appeared in gen- 
eral in the interstitial region of the long arms of one 
chromosome 8. 

At least 8 Ag-stained metaphase spreads were ana- 
lyzed for each specimen. Except for those with in- 
traindividual Ag-NOR variation, the remaining 
specimens of P. cuvieri had an identical pattern in all 
metaphase spreads from each sample. 

Among the specimens we frequently observed con- 
spicuous size differences between homologous Ag- 
NORs (Fig. la; Fig. 2a). This finding could be 
attributed to differential genetic activity of rDNA 
segments. In some cases, however, the heteromor- 
phism was certainly due to a duplication of rDNA 
content as evidenced by tandem duplicated Ag-NOR 
blocks (Fig. 2a). 

Chromosome preparations of two specimens from 
distinct localities were studied with the C-banding 
technique (Fig. 4a; Fig. 4b). The specimen from 
Santa Maria, RS, showed a small amount of constitu- 
tive heterochromatin which appeared in general as 
faintly stained C-bands in some chromosomes (Fig. 
4a). The chromosomes of pair 9 had an additional 
interstital band at the proximal region of the long 
arms. A prominent C-band was observed at the distal 
end of the long arms in one of the homologues of 
pair 3. One male from Rio Claro, SP, collected at site 
A, also showed C-bands in the centromeric region of 
some chromosomes (Fig. 4b). A conspicuous telom- 
eric C-band was observed in the long arms of one of 
the homologues of pair 2. Furthermore, interstitial 
C-bands were seen in the short arms of pair 2 and 
pair 5 as well as in the long arms of pair 9. 

At meiosis these frogs had 1 1  bivalents in diplotene 
and metaphase I cells and I 1  chromosomes in 
metaphase I1 cells. The bivalents were usually ring- 
shaped due to terminal chiasmata in both arms. 
Occasionally, we observed a rod-shaped bivalent due 
to the presence of only one terminal chiasma. 

DISCUSSION 

The 2n = 22 chromosome complement of Physalae- 
mus cuvieri that we studied had exclusively metacen- 
trics and submetacentrics. This agrees with that 
previously described by BECAK et al. (1970) for spec- 
imens collected in the State of Bahia, Brazil. This 
karyotypic formula is consistent for all species of 
Physalaemus included in the cuvieri morphological 
group, like P. aguirrei, P. alhijirons, P. centralis, P. 
cicada. P. grarilis, P. kroyeri, and P. soaresi, which 
have been karyotyped up to now (DENARO 1972; DE 
LUCCA et al. 1974; OLJVEIRA and YONENAGA-YAS- 
SUDA 1995). 



138 A .  P. Z.  Silvu et ul. Hereditas 13 1 ( 1  999) 

Fig. 3. Ag-NOR stained karyotype of Physcrluenzus cucieri (2n = 22) from Rio Claro, SP (site B) presenting Ag-NORs in 
one chromosome 5 ,  one chromosome 7, two chromosomes 8, and one chromosome 1 I .  

It has been shown that a general feature in anurans 
is the presence of a single pair of Ag-NORs, almost 
always conservatively localized in homoeologous 
chromosome pairs in species belonging to the same or 
to closely related species groups (SCHMID 1982; K I N G  
1990; SCHMID et al. 1990). Contrary to this finding, 
the analysis of ten specimens of P. cuuieri from 
different localities showed a very unusual intraspecific 
variation in the Ag-stained nucleolus organizer 
regions. 

The karyotypic variants in P. cuvieri are related 
either to a shift in the position of a single pair of 
Ag-NORs or to the occurrence of multiple Ag-NORs 
in variable chromosome positions. Ag-NORs were 
located in chromosomes 11 for the specimens from 
Santa Maria, RS, and Borackia, SP, or in chromo- 
somes 8 for the male from Itatiba, SP. Although 
found in only one specimen, the Ag-NOR at this 
position is not fortuitous in that the whole sample of 
P. cuvieri from Rio Claro, SP, also had pair 8 as a 
major pair of Ag-NORs bearing chromosomes. Sur- 
prisingly, all six specimens showed at least one addi- 
tional chromosome bearing Ag-NORs, so that four 
other distinct patterns of active Ag-NORs were rec- 
ognized in P. cuuieri. The additional Ag-NORs al- 
ways appear in heteromorphic condition in pair 3, 5 ,  
7, or 11. The homologous elements in each chromo- 
some pair had no vestige of Ag-NOR staining or 
secondary constriction. Nevertheless, we could not 
rule out the hypothesis that these chromosomes 
carry, in fact, latent nucleolus organizer regions, be- 
cause Ag technique only stains rDNA segments that 
were genetically active in the preceding interphase. 

Intraindividual variability in the active Ag-NOR 
pattern was also observed in P. cuuieri. Considering 
that the nucleolus organizer regions are mendelian 

inherited characteristics, a differential regulation in 
the expression of ribosomal genes may be operating 
in distinct cell lines within the same individual. 

Based on the most frequent position of the sec- 
ondary constriction in species belonging to Physalae- 
mus cuvieri species group, we might suppose that the 
standard localization of the nucleolus organizer re- 
gions in P. cuvieri is that of pair 11. In P. centralis 
and P. soaresi secondary constriction was reported in 
the smallest pair of the complement (DENARO 1972; 
DE LUCCA et al. 1974). Physalaemus albijrons was 
described by DENARO (1 972) as carrying a secondary 
constriction in pair 1 1  and in pair 2 but OLIVEIRA 
and YONENAGA-YASSUDA (1995) reported secondary 
constriction in pair 9 for specimens from another 
locality. For the remaining species of the P. cuuieri 
group there is no reference to the presence of this 
chromosome structure. Although more consistent 
data are still necessary to determine which is the 
standard Ag-NOR pattern in P. cuuieri, whether in 
pair 11 or in pair 8, the multiple Ag-NORs observed 
in the sample from Rio Claro, SP, may be regarded 
as a derived condition. 

The chromosomes of pair 8 had, in general, the 
same pattern of Ag-NOR staining, always in the 
interstitial region of the long arms. However, in one 
male, one chromosome 8 presented an additional 
Ag-NOR in the short arms, but no visible change in 
chromosome morphology was observed. Chromo- 
some 11 also exhibited a discrepant Ag-NOR pattern 
in one male, carrying three Ag-NOR stains along its 
length. This chromosome 11 was probably rearranged 
as it had a subtelocentric morphology as well as 
peculiar patterns of secondary constrictions and Ag- 
NOR staining. At present, we have no means to 
determine the exact mechanism responsible for the 
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repatterning of this chromosome 11, but multiple 
structural rearrangements, like minute insertions and/ 
or small inversions, as pointed out by KING (1980) in 
the genus Litoria, seems to be involved. 

Intraspecific variation in Ag-NOR patterns has 
been reported in some anurans such as Hyla 
chrysoscelis and H .  uersicolor (WILEY et al. 1989), 
Bujb terrestris (FOOTE et al. 1991), Rana juponica 
(MTURA 1994), Agalychnis callidryas (SCHMID et al. 
1995), and Hyla ehraccata (KAISER et a]. 1996). In 
these species, distinct chromosome sites as well as 
variations in the number of nucleolus organizer re- 
gions, visualized by Ag-staining or in situ hybridiza- 
tion techniques, were described in karyotypes from 
different populations. Furthermore, extra Ag-NORs 
on the same chromosome were observed in the spe- 
cies A.  cdidryas (SCHMID et al. 1995), as also re- 
ported for chromosomes 8 and 11 of some specimens 
of P. cuvieri in the present sample. Some possible 

mechanisms have been suggested by FOOTE et al. 
(1991) and SCHMID et al. (1995) to explain the origin 
of the intraspecific variations in number and chromo- 
some locations of nucleolus organizer regions, which 
we summarize as follows: a. occurrence of reciprocal 
translocations and/or inversions; b. transposition of 
rDNA segments by means of mobile genetic elements; 
c. amplification of single “orphan-like” rDNA genes, 
forming functional and identifiable nucleolus orga- 
nizer regions; d. reinsertion errors during the extra- 
chromosomal amplification of rDNA in the course of 
oogenesis. 

Conventional types of chromosomal rearrange- 
ments seem to be a less probable explanation for the 
karyotypic variants in P. cuvieri, since in this case 
changes in the chromosome arm ratio would be ex- 
pected in the karyotype. Except for the alteration in 
the morphology of chromosome 11 in one case, no 
other evidence of chromosome repatterning was ob- 

Fig. 4. a and b. C-banded karyotypes of Physahemus cuvieri (2n = 22). a Male from Santa Maria, RS. b Male from Rio 
Claro, SP (site A). 
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served. For this reason, the hypothesis based on the 
remaining events listed above seems to be more con- 
sistent with the observed data. Amplification of single 
ribosomal copies, excision of rDNA segments from 
one chromosome site and reinsertion at another site 
might explain the shift in number and localization of 
the nucleolus organizer regions in the chromosome 
complement of P. cuuieri, but all of these possibilities 
should still be tested. 

Physalaemus cuvieri is widely distributed in Brazil, 
throughout the Northeastern, Central, and South- 
eastern regions (FROST 1985). These frogs are typi- 
cally found in open areas. Although specimens were 
collected at a limited number of localities and the 
sample size from each collecting sites was quite small, 
there are strong indications that inter- and intrapopu- 
lational variations in Ag-NOR patterns occur in this 
species. Moreover, the secondary constrictions in the 
short arms of chromosome pairs 2 and 3 in the 
specimens from the State of Bahia (BeGak et al. 1970) 
could be indicative of a further karyotypic variant 
occurring in P. czivieri. Additional cytogenetic data 
for a larger number of specimens from new collection 
sites as well as from previously visited localities are 
required for a better characterization of Ag-NOR 
variability in P. cuuieri. It would be interesting, for 
example, to verify if the specimens collected at site A 
and site B from Rio Claro, SP, have more than one 
karyotypic variant in common. 

Although very scanty, preliminary C-banding data 
available for specimens from two different localities 
indicate that their karyotypes also differ regarding 
the distribution of some interstitial and telomeric 
bands. Further C-banding analyses in specimens from 
distinct localities as well as bearing variable Ag-NOR 
patterns will be of importance to evaluate the extent 
of the karyotypic differentiation occurring in P. cu- 
uieri. Data on external morphological traits or on 
vocalization might be also important to complement 
these studies. 
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