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Abstract Paratelmatobius and Scythrophrys are lepto-
dactylid frogs endemic to the Brazilian Atlantic forest and
their close phylogenetic relationship was recently inferred
in an analysis that included Paratelmatobius sp. and S.
sawayae. To investigate the interspecific relationships
among Paratelmatobius and Scythrophrys species, we
analyzed a mitochondrial region (approximately 2.4 kb)
that included the ribosomal genes 12S and 16S and the
tRNAval in representatives of all known localities of these
genera and in 54 other species. Maximum parsimony
inferences were done using PAUP* and support for the
clades was evaluated by bootstrapping. A cytogenetic
analysis using Giemsa staining, C-banding and silver
staining was also done for those populations of Paratel-
matobius not included in previous cytogenetic studies of
this genus in order to assess their karyotype differentiation.
Our results suggested Paratelmatobius and Scythrophrys
formed a clade strongly supported by bootstrapping, which
corroborated their very close phylogenetic relationship.
Among the Paratelmatobius species, two clades were
identified and corroborated the groups P. mantiqueira and
P. cardosoi previously proposed based on morphological
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characters. The karyotypes of Paratelmatobius sp. 2 and
Paratelmatobius sp. 3 described here had diploid chromo-
some number 2n = 24 and showed many similarities with
karyotypes of other Paratelmatobius representatives. The
cytogenetic data and the phylogenetic analysis allowed the
proposal/corroboration of several hypotheses for the
karyotype differentiation within Paratelmatobius and
Scythrophrys. Namely the telocentric pair No. 4 represented
a synapomorphy of P. cardosoi and Paratelmatobius sp. 2,
while chromosome pair No. 5 with interstitial C-bands
could be interpreted as a synapomorphy of the P. cardosoi
group. The NOR-bearing chromosome No. 10 in the
karyotype of P. poecilogaster was considered homeologous
to chromosome No. 10 in the karyotype of Scythrophrys sp.,
chromosome No. 9 in the karyotype of Paratelmatobius sp.
1, chromosome No. 8 in the karyotypes of Paratelmatobius
sp. 2 and of Paratelmatobius sp. 3, and chromosome No. 7
in the karyotype of P. cardosoi. A hypothesis for the evo-
lutionary divergence of these NOR-bearing chromosomes,
which probably involved events like gain in heteochroma-
tin, was proposed.

Keywords Chromosome evolution -
Nucleolar organizing region - Heterochromatin

Introduction

Paratelmatobius B. Lutz and Carvalho, 1958, and Scythr-
ophrys Lynch, 1971, are genera of leptodactylid frogs
endemic to the Brazilian Atlantic forest. Currently, five
species are recognized in the genus Paratelmatobius and
are separated into two groups based on morphological
characteristics (Pombal Jr. and Haddad 1999). The
P. cardosoi group contains P. cardosoi Pombal Jr. and
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Haddad, 1999, and P. mantiqueira Pombal Jr. and Haddad,
1999, whereas P. gaigeae (Cochran 1938), P. lutzii B. Lutz
and Carvalho, 1958, and P. poecilogaster Giaretta and
Castanho, 1990, form the P. lutzii group. In a recent study,
an undescribed species of the P. cardosoi group was found
at Piraquara, in the Serra do Mar of Parand State, Brazil
(Lourenco et al. 2003a). All known Paratelmatobius spe-
cies have a limited distribution and occur in small, specific
microhabitats in the Atlantic forest in the Serra do Mar and
Serra da Mantiqueira (reviewed by Pombal Jr. and Haddad
1999). The genus Scythrophrys is currently monotypic and
specimens of S. sawayae have been found in the Serra do
Mar in the states of Parana and Santa Catarina (see Frost
2006). An undescribed species of this genus was also
reported based on chromosome data analysis (Lourenco
et al. 2003b).

Similarities between Paratelmatobius and Scythrophrys
have been mentioned by some authors (Lynch 1971; Heyer
1975; Garcia 1996), but only recently the close phyloge-
netic relationship between them was proposed by Frost
et al. (2006). In this phylogenetic study, morphological and
specially molecular data were used and the genera Pa-
ratelmatobius and Scythrophrys were represented by one
specimen of Paratelmatobius sp. and one of S. sawayae.

In contrast, the relationships of these genera with other
leptodactylids remain unclear. In 1986, Laurent formally
recognized a group referred to as Cycloramphinae created
to accommodate genera Crossodactylus, Crossodactylodes,
Cycloramphus, Hylodes, Megaelosia, Paratelmatobius,
Rupirana, Scythrophrys, Thoropa and Zachaenus. Heyer
(1975) previously allocated this group to the informal
taxonomic unit Grypiscine. However, the monophyly of
this group was rejected by Frost et al. (2006) and Grant
et al. (2006). According to Frost et al. (2006), this group
consisted of three distantly related clades and Paratel-
matobius + Scythrophrys was one of them. These authors
also suggested a close relationship between the Paratel-
matobius + Scythrophrys clade and  Leptodactylus,
although this hypothesis was only weakly supported by
Bremer values of branch support. These results and the
close relationship of these genera with Pseudopaludicola
and Pleurodema + Edalorhina + Physalaemus supported a
taxonomic reorganization that allowed the inclusion of
Paratelmatobius and Scythrophrys in the family Lepto-
dactylidae Werner, 1896 (1838) (Frost et al. 2006). This
taxon corresponded to the previous subfamily Leptodac-
tylinae (sensu Frost et al. 2004), with the exclusion of
Limnomedusa and inclusion of Paratelmatobius, Scythr-
ophrys and, provisionally, Somuncuria. Grant et al. (2006)
also found a clade composed of Paratelmatobius + Scythr-
ophrys + Leptodactylus that was distantly related to
Physalaemus + Edalorhina + Pleurodema + Pseudopalu-
dicola. Based on these data, Paratelmatobius, Scythrophrys,
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Leptodactylus and Hydrolaetare were grouped in the Le-
ptodactylidae while the other genera, also considered as
leptodactylids by Frost et al. (2006), were grouped in the
Leiuperidae.

Cytogenetically, the species of Paratelmatobius and
Scythrophrys show several similarities. All of them have a
diploid number of 2n = 24 and the similarity among their
karyotypes led to the suggestion of some interspecific
homeologies (Lourengo et al. 2003a,b). An interstitial
C-positive heterochromatic band in chromosome pair No. 1
is shared by all of the species studied to date. A nucleolar
organizer region (NOR) situated on a small metacentric/
submetacentric chromosome in P. poecilogaster and in
karyotype Il of Scythrophrys (Scythrophrys sp.) may be
another homeology shared by species of these genera. This
NOR is considered to be a plesiomorphic character relative
to the other NOR locations present in the karyotypes of
Paratelmatobius (in pairs Nos. 7 and 8).

In this study, we sampled all known localities of Pa-
ratelmatobius and Scythrophrys to assess their mutual
interspecific relationships and with 54 species from other
genera by analyzing a mitochondrial region (approximately
2.4 kb) that included the ribosomal genes 12S and 16S and
the tRNAval. A cytogenetic analysis was also perfomed for
those populations of Paratelmatobius not included in pre-
vious cytogenetic studies of this genus (Lourencgo et al.
2000, 2003b) in order to assess their karyotype differenti-
ation trends.

Material and methods
Phylogenetic analyses
Taxon sampling

All known localities of Paratelmatobius and Scythrophrys
were sampled. Specimens of Paratelmatobius collected at
Piraquara in Parana State, Brazil, with the karyotype
described by Lourengo et al. (2003b), were designated as
Paratelmatobius sp. 1 (aff. cardosoi). Specimens of Pa-
ratelmatobius from Mogi das Cruzes, Sdo Paulo State,
Brazil and those from Parque Estadual Carlos Botelho, Sao
Paulo State were referred to as Paratelmatobius sp. 2 and
Paratelmatobius sp. 3, respectively. The localities and the
number of specimens analyzed are shown in Table 1. The
descriptions of the new species mentioned here are being
prepared by one of the authors (CFBH) and other
colleagues.

Our analyses also included many other species from the
family Leptodactylidae, as well as species from the fami-
lies Brachycephalidae, Ceratophryidae, Cycloramphidae
and Leiuperidae, that were until recently included or
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partially included in the family Leptodactylidae (see Frost
et al. 2006 and Grant et al. 2006). One member of the
Cycloramphidae, Zachaenus parvulus, has already been
suggested to be closely related to our group of interest
(Heyer 1975, 1983), but was not included in the phyloge-
netic inference provided by Frost et al. (2006) and Grant
et al. (2006). We also included species of the families
Bufonidae, Centrolenidae and Dendrobatidae because
some phylogenetic analyses have shown that these fami-
lies, especially the Centrolenidae, are related to the
Leptodactylidae (Darst and Cannatella 2004; Frost et al.
2006). The localities of all these specimens and the Gen-
Bank accession numbers of the sequences not generated in
this work are shown in Table 1.

DNA extraction, amplification, purification
and sequencing

Total DNA from liver and muscle samples preserved in
95% ethanol or that had been freshly collected from
anesthetized animals was extracted using a commercial
genomic DNA isolation kit (Amersham Biosciences). The
mtDNA region containing the 12S rRNA, 16S rRNA and
tRNAval genes was amplified by the polymerase chain
reaction (PCR) using the primers MVZ59(L), MVZ 50(H),
1213, Titus I(H), Hedges16L2a, Hedges16H10, 16Sar-L
and 16Sbr-H (see the review by Goebel et al. 1999 for the
primer sequences).

The PCR products were purified using GFX PCR DNA
and gel band purification kits (Amersham Biosciences) or
UltraClean PCR Clean-up kits (MO BIO Laboratories,
Inc.) according to the manufacturer’s specifications. The
purified fragments were used in sequencing reactions with
ABI Prism BigDye Terminator chemistry (version 2.0;
Applied Biosystems, Inc.). After purification with isopro-
panol and ethanol, the sequenced products were read on an
automated sequencer (ABI Prism; Applied Biosystems,
Inc.), with both directions of each amplified fragment being
sequenced. The sequences were edited using Bioedit
(http://www.jwbrown.mbio.ncsu.edu/BioEdit/bioedit.html)
and a continuous fragment of approximately 2.4 bp was
generated for each specimen. Three specimens from each
locality of Paratelmatobius and two from each site of
Scythrophrys were used, except for P. gaigeae from Ban-
anal and P. poecilogaster from Sao Luiz do Paraitinga,
both in Sdo Paulo State, and S. sawayae from Sao Bento do
Sul, Santa Catarina State, Brazil, for which only one
sample each was used. When interindividual variation was
detected in the sequences, the different haplotypes were
treated as distinct operational taxonomic units (OTUs) in
the phylogenetic analysis.

@ Springer

Phylogenetic inferences

The sequences were aligned using the Clustal W option in
the software Bioedit, with the default parameters for gap
penalties. Manual adjustments to the alignment were made
using the Bioedit editor and some ambiguously aligned
regions were excluded (a total of 126 characters). The final
product was a matrix with 2405 characters and 82 OTUs.
Maximum parsimony analyses were done using PAUP*
(version 410) (Swofford 2000). For the tree searches, the
heuristic algorithm was used with tree-bisection-recon-
nection (TBR) branch swapping, and random addition of
the sequences with 10 replicates. Clade support was
assessed by bootstrapping (Felsenstein 1985) done with
heuristic searching and 1,000 pseudoreplicates.

Two treatments were used to deal with indels, which
were considered as missing data in some inferences and
as a fifth state in others. In both cases, different weights
(1 or 2) for the transversions were tested. The ACCTRAN
option was used to optimize the characters. In all of the
analyses, the cladograms were rooted in the species rep-
resentative of Brachycephalidae (sensu Frost et al. 2006)
since, according to Faivovich et al. (2005) and Frost et al.
(2006), these species constitute a basal clade when com-
pared with all of the other genera included in the present
study.

Chromosomal analysis

One specimen of Paratelmatobius sp. 2 collected at Mogi
das Cruzes and three specimens of Paratelmatobius sp. 3
from Parque Estadual Carlos Botelho, Sdo Miguel Arca-
njo, both located in Sao Paulo State, were used. After
treatment in vivo with 2% colchicine solution for at least
5 hours, the specimens were anesthetized and their
intestines and testes were processed according to Schmid
(1978) and Schmid et al. (1979) for chromosomal prep-
arations. Giemsa staining, C-banding (King 1980) and
Ag-NOR staining (Howell and Black 1980) were done.
All of the specimens studied were deposited in the Célio
F. B. Haddad collection (CFBH, Departamento de Zoo-
logia, Universidade Estadual Paulista, Rio Claro, SP,
Brazil) or in the Museu de Historia Natural, Universidade
Estadual de Campinas, Campinas, SP, Brazil (ZUEC).
Permits to collect the specimens were issued by the In-
stituto Brasileiro do Meio Ambiente e Recursos Naturais
Renovaveis (Licence IBAMA/DIFAS/DIREC-072/2001).
The chromosomal characteristics described here were
compared with the other karyotypes of Paratelmatobius
and Scythrophrys described elsewhere (Lourenco et al.
2000, 2003a, b).
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Table 2 A summary of the results obtained for the phylogenetic
inferences

Inference 1 Inference 2 Inference 3 Inference 4

Number of MPT 16 4 8 8
MPT score 10698 15031 11414 15510
CI 0.24 0.23 0.25 0.23
RI 0.57 0.59 0.59 0.59

In inferences 1 and 2, the indels were treated as missing data, while in
inferences 3 and 4 they were treated as a fifth state. In inferences 1
and 3, the transversions and transitions were equally weighted, while
in inferences 2 and 4, the transversions were over weighted
(weighting function transversion/transition = 2/1). CI: consistency
index; RI: retention index; MPT: most parsimonious trees; MPT
score: length of the most parsimonious trees

Results
Phylogenetic analysis

The results obtained in each analysis are described in
Table 2 and the strict consensus cladogram of all the trees
inferred is shown in Fig. 1. In all of the inferences, Pa-
ratelmatobius and Scythrophrys formed a clade supported
by a bootstrap value of 100%. The relationships among the
Paratelmatobius species were fully resolved and two
clades were recovered. One of them included P. poeci-
logaster and P. gaigeae and the other consisted of
P. cardosoi and the three undescribed species analyzed
here (Fig. 1). A clade composed of Leptodactylus spe-
cies + Pseudopaludicola falcipes was inferred as the sister
group of Paratelmatobius + Scythrophrys in all analyses,
but this relationship was weakly supported (Fig. 1).

Chromosomal analysis

The karyotype of the specimen of Paratelmatobius sp. 2
showed diploid chromosome number 2n = 24 and con-
sisted of 7 pairs of metacentric (m), 4 pairs of
submetacentric (sm) (Nos.7, 8, 10 and 11) and one pair of
subtelocentric (st) chromosomes (No. 4) (Fig. 2). Secondary
constriction was observed in the long arm of both homo-
logues of chromosome pairs Nos. 8 and 4 (Fig. 2A); these
constrictions were identified as NORs using the Ag-NOR
method (Figs. 2B and 3). C-banding detected small
amounts of C-positive constitutive heterochromatin in the
centromeric region of all the chromosomes of this com-
plement. Such heterochromatin blocks of constitutive
heterochromatin were also observed to be situated inter-
stitially in both arms of chromosome pair No. 1, in the long
arm of chromosome pairs Nos. 4, 5, and 9, and in the
telomeric region of the long arm of chromosome pair No.
4. In addition, the entire long arm of chromosome pair No.
8, except for the NOR, showed positive C-banding pattern

(Fig. 2C). The interstitial C-band in the long arm of
chromosome pair No. 5 was associated to a secondary
constriction seen in Giemsa-stained metaphases (Fig. 2A)
but was not detected as an NOR by the Ag-NOR method
(Fig. 2B). A faint C-band was also seen to be situated
interstitially in the short arm of chromosome pair No. 5.

The diploid complement of Paratelmatobius sp. 3 con-
sisted of 24 m and sm chromosomes (Fig. 4). A secondary
constriction was observed in the long arm of chromosome
pair No. 8 in Giemsa-stained metaphases (Fig. 4A) and it
was identified as an NOR site in silver-stained chromo-
somes (Figs. 4B and 5). All of the centromeric regions of
the chromosomes in the karyotype of Paratelmatobius sp. 3
showed a small amount of C-positive constitutive hetero-
chromatin. Non-centromeric heterochromatic bands were
easily identified in chromosome pairs Nos. 1, 2, 3, 4 and 5,
and in nearly the entire short arm of chromosome pair No. 8
(Fig. 4C). The non-centromeric bands in chromosomes 2, 3,
and 4 were small and they were hardly seen in some of the
C-banded metaphases. In some of the metaphases, a small
C-band was also seen in the short arm of chromosome pair
No. 7 and in the short arm of chromosome pair No. 5.

Discussion
Phylogenetic relationships

Since the present analyses sampled several representatives of
the Leptodactylidae, which currently includes Paratelmato-
bius and Scythrophrys, as well as representatives of other
families related to it, we interpret the consistent clade Pa-
ratelmatobius + Scythrophrys inferred here as additional
evidence of the close phylogenetic relationship of these
genera, in agreement with the findings initially reported by
Frost et al. (2006). Although our analyses did not include
P. lutzii and P. matiqueira, species that are not being found in
the field and that may be extinct (see Pombal Jr. and Haddad
1999), two clades were recognized in Paratelmatobius
(P. poecilogaster + P. gaigeae and P. cardosoi + Paratel-
matobius sp. 1 + Paratelmatobius sp. 2 + Paratelmatobius
sp. 3) and corroborated the P. cardosoi and P. lutzii groups
proposed by Pombal Jr. and Haddad (1999).

Although many genera were sampled, it was not possi-
ble to properly identify the sister group of
Paratelmatobius + Scythrophrys. Even though all of the
analyses indicated that the clade formed by Leptodactylus
species + Pseudopaludicola falcipes was closest to the
Paratelmatobius + Scythrophrys group, this relationship
was not strongly supported. This inference differs from that
reported by Frost et al. (2006) in which Pseudopaludicola
falcipes was the sister group of a clade containing
Paratelmatobius + Scythrophrys and the Leptodactylus
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Fig. 1 A strict consensus
cladogram of the most
parsimonious trees. The
numbers indicate the range of
bootstrap values obtained in the
different inferences. Branches
without numbers had bootstrap
values <50. Different
haplotypes of the same species/
locality are represented in the
same branch, although each
haplotype was considered as
one OTU

9100 [ Para!el@atobius gaigeae ) N
100 P obius poecilogaster (S. L. Paraitinga)

P. poecilogaster (Paranapiacaba — 2 haplotypes)
Paratelmatobius cardosoi

Paratelmatobius sp.2

Paratelmatobius sp.1

Paratelmatobius sp.3 (2 haplotypes)

100

100

100

100 100

Scythrophrys sp. (Rancho Queimado)
Scythrophrys sawayae (Séo Bento do Sul)

Scythrophrys sawayae (Piraquara — 2 haplotypes)

100
100

<50/61

95/98

<50/51

100

96/100

Phrynopus sp.

e

species. Our results also differ markedly from Grant et al.
(2006) who proposed a distant relationship between
Paratelmatobius + Scythrophrys and Pseudopaludicola.
However, these inferences were still only weakly sup-
ported, and the relationships of Paratelmatobius and
Scythrophrys with other genera remain to be clarified.

Karyotype differentiation within the
Paratelmatobius + Scythrophrys group

The karyotype of Paratelmatobius sp. 2 showed many
similarities with that of P. cardosoi (Lourengo et al. 2000)

@ Springer
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Hyalinobatrachium sp.
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Thoropa miliaris (4 haplotypes)
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(Fig. 6). Despite the poor quality of C-banded metaphases
of Paratelmatobius sp. 2, it was possible to see that all of the
C-positive heterochromatic bands found in the chromo-
somes of the karyotype of P. cardosoi were also detected in
the karyotype of Paratelmatobius sp. 2, except for the small
C-band near the telomere of the long arm of chromosome
pair No. 6 seen in some metaphases of P. cardosoi. The
failure to consistently detect this band can be related to its
small size, since even in P. cardosoi it could not be easily
detected. Some of the C-bands shared by these karyotypes
differed in size, such as the interstitial C-band on the long
arm of pair 1. Another noticeable difference was seen in the
heterochromatic block adjacent to the NOR; this block was
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Fig. 2 Karyotype of Paratelmatobius sp. 2 arranged from Giemsa-
stained (A), Ag-NOR stained (B) and C-banded (C) chromosomes

C Ag C Ag
.
ot
Fig. 3 Chromosome pair No. 8 of Paratelmatobius sp. 2 stained

sequentially with C-banding (C) and Ag-NOR (Ag). Note the NOR
(arrow) adjacent to a large C-band

much smaller in the karyotype of Paratelmatobius sp. 2
than in the karyotype of P. cardosoi, which explained the
larger size of the corresponding chromosome in the
karyotype of P. cardosoi and its classification as the seventh
pair of this karyotype whereas in the karyotype of
Paratelmatobius sp. 2 it formed pair 8.

The karyotype of Paratelmatobius sp. 3 was very similar
to that of Paratelmatobius sp. 1 described previously
(Lourenco et al. 2003b). One remarkable difference
between these karyotypes involved the NOR site, since in
the karyotype of Paratelmatobius sp. 1 the NOR was
adjacent to a large heterochromatic block of the short arm
of the chromosome classified as No. 9. Other difference
between these karyotypes regards the interstitial C-band on
the long arm of chromosome 3 of the karyotype of
Paratelmatobius sp. 1, which was absent in that of

A
1 2 3 4
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B
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Fig. 4 Karyotype of Paratelmatobius sp. 3 arranged from Giemsa-
stained (A), Ag-NOR stained (B) and C-banded chromosomes (C).
Arrows indicate the NOR and arrowheads indicate small C-bands. See
the text for additional information

Fig. 5 (A) C-banded chromosomal pair No. 8 of Paratelmatobius sp.
3 in which the NOR was seen as a secondary constriction (arrow). (B)
Chromosome 8 of Paratelmatobius sp. 3 was processed sequentially
for C-banding (C) and Ag-NOR (Ag). Note the NOR in the long arm
while the short arm is fully heterochromatic

Paratelmatobius sp. 3. On the other hand, the heterochro-
matic non-centromeric bands of chromosomes 1 and 5
were detected in both karyotypes. The non-centromeric
C-bands seen on the chromosome 2 of the karyotype of
Paratelmatobius sp. 3 seem also to be present in the
karyotype of Paratelmatobius sp. 1, although too smaller
and hardly seen. Since these bands could not be unam-
biguously detected previously, they were not mentioned in
the description of the karyotype of Paratelmatobius sp. 1
(Lourenco et al. 2003b). The small telomeric band seen on
the short arm of chromosome 8 in some metaphases of the
karyotype of Paratelmatobius sp. 1 was not found in
chromosome 9 of the karyotype of Paratelmatobius sp. 3,
considered to be homeologous of that chromosome 8.
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Fig. 6 Idiograms of the
karyotypes of Paratelmatobius
and Scythrophrys. (A)
Paratelmatobius cardosoi
(based on Lourencgo et al. 2000).
(B) Paratelmatobius sp. 2. (C)
Paratelmatobius sp. 1 (based on
Lourenco et al. 2003b). (D)
Paratelmatobius sp. 3. (E)
Paratelmatobius poecilogaster
(based on Lourencgo et al. 2000).
(F) Scythrophrys sp. (based on
Lourenco et al. 2003a). (G)
Scythrophrys sawayae (based on
Lourenco et al. 2003a). Solid
blocks: dark C-bands. Gray
blocks: faint C-bands.
Checkered circles: NORs. *C-
band that could be hardly seen
only in some metaphases

‘E:DCIZIM [ (.

However, also in this case we do not discard that the very
small size of this band in pair 8 could have prevented its
detection in the karyotype of Paratelmatobius sp. 3. Con-
sequently, this discrepancy could be a technical artifact
(related to the limit of detection) rather than a real differ-
ence between these karyotypes.

These new karyological data and the phylogenetic
relationships of the Paratelmatobius and Scythrophrys
species corroborated previous suggestions regarding cyto-
genetic homeologies and synapomorphies among these
species (Lourenco et al. 2003a,b) and enabled other infer-
ences about the karyotype differentiation in this group.
With regard to the changes of the NOR-bearing chromo-
somes, we considered chromosome 10 of the karyotypes of
P. poecilogaster and Scythrophrys sp., chromosome 9 of
the karyotype of Paratelmatobius sp. 1, chromosome 8 of

@ Springer

]
ﬁHHH el
i

- m
| I 1 1

N —
- -

~ ]
e

S .

2]

.

| =

o[l ) F |
.
]
]

6h 7 8 9 10a 11 12

i

the karyotypes of Paratelmatobius sp. 2 and sp. 3, and
chromosome 7 of the karyotype of P. cardosoi to be ho-
meologous (see Figs. 6 and 7). In the karyotype of the
common ancestor of Paratelmatobius and Scythrophrys
species, the NOR was probably near the centromere and
hypothetical rearrangements in this chromosomal arm
rearranged the NOR to a telomeric position during the
evolution of Scythrophrys species. It could have originated
that NOR-bearing chromosome No. 10 found in the
karyotype of Scythrophrys sp., as previously proposed by
Lourengo et al. (2003a).

With respect to the karyotypic differentiation in the
genus Paratelmatobius we hypothesized that it involved
gains in heterochromatin adjacent to the NOR after the
divergence of P. poecilogaster, with a resulting increase in
chromosome arm length and enlargement of the NOR-
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Fig. 7 A partial view of the
strict consensus cladogram of
Figure 1 showing some of the
hypothetical transformations in
NOR-bearing chromosomes
(numbers in the branches). 1.
An additional NOR in pair 8.

P. poecilogaster (Paranapiacaba)

P. gaigeae (Bananal-SP)

P. cardosoi (Paranapiacaba)

2-5. Gain in heterochromatin*.
6. An additional NOR in pair 4.
7. A pericentric inversion. 8.
Rearrangements in the short
arm. 9. A deletion in the NOR
of pair 10 and appearance of an
NOR in pair 5. 10. A paracentric
inversion in pair 5. 11. An
additional NOR in pair 1. *Here
we present just one hypothesis
to explain the gain in
heterochromatin, but other

4 -
. i,
= | Paratelmatobius sp. 2 (Mogi das Cruzes)

=
c B2
8

4

Paratelmatobius sp. 1 (Piraquara)

Paratelmatobius sp. 3 (Carlos Botelho)

-

MR

} Scythrophrys sp. 1 (Rancho Queimado)

alternative equally
parsimonious exist and was not
represented

bearing chromosome. These phenomena could explain the
different classifications of the NOR-bearing chromosomes
in the karyotypes of Paratelmatobius cardosoi, Paratel-
matobius  sp. 1, Paratelmatobius sp. 2, and
Paratelmatobius sp. 3. In addition to a gain in hetero-
chromatin, other events may also have played a role during
the divergence of Paratelmatobius sp. 3 and Paratel-
matobius sp. 1 that could account for the dissociation
between the large heterochromatic block and the NOR in
the karyotype of the former. One of these hypothetical
events could be a pericentric inversion (see Figs. 6 and 7).

The detection of constitutive heterochromatin on the
long arm of chromosome 1 in the karyotypes described
here (Paratelmatobius sp. 2 and sp. 3) confirmed that this is
a synapomorphy in species of the Paratelmatobius cardo-
soi group (see Lourenco et al. 2003b). Another interesting
feature confirmed here was that the karyotypes of all the
species of Paratelmatobius and Scythrophrys had a het-
erochromatic band on the short arm of chromosome 1,
although there were interspecific differences in the size of
these heterochromatic regions.

Other informative chromosomal characters were regar-
ded to the C-band in the long arm of chromosome 5 and the
morphology of the chromosome 4. A chromosome 5 with
an interstitial C-band in the long arm and near the cen-
tromere was exclusively seen in the karyotypes of all
species of the Paratelmatobius cardosoi group (although
with different sizes), and a subtelocentric pair 4 was
exclusively found in the karyotypes of P. cardosoi and
Paratelmatobius sp. 2 (see Figs. 6 and 7).

L8 |

S. sawayae (Piraquara)

. n
L % b = S. sawayae (Sdo Bento do Sul)

5a 5b

Finally we emphasize that our inferences on chromo-
somal differentiation were based on the cladogram arisen
from mitocondrial data and, therefore, must be taken with
some caution. Despite 12S and 16S mtDNA sequences
have been largely used in phylogenetic studies of anurans
(e.g., Darst and Cannatella 2004; Ron et al. 2006), we must
be aware that incongruences between the phylogenetic
relationships inferred from mitochondrial and nuclear
markers may occur (e.g., Gongalves et al. 2007; Ko-
blmiiller et al. 2007).
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