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Abstract
Few species of the tribe Lophiohylini have been karyotyped so far, and earlier analyses were performed 
mainly with standard staining. Based on the analysis of seven species with use of routine banding and 
molecular cytogenetic techniques, the karyotypes were compared and the cytogenetic data were evalu-
ated in the light of the current phylogenies. A karyotype with 2n = 24 and NOR in the chromosome 10 
detected by Ag-impregnation and FISH with an rDNA probe was shared by Aparasphenodon bokermanni 
Miranda-Ribeiro, 1920, Itapotihyla langsdorffii (Duméril and Bibron, 1841), Trachycephalus sp., T. mes-
ophaeus (Hensel, 1867), and T. typhonius (Linnaeus, 1758). Phyllodytes edelmoi Peixoto, Caramaschi et 
Freire, 2003 and P. luteolus (Wied-Neuwied, 1824) had reduced the diploid number from 2n = 24 to 2n = 
22 with one of the small-sized pairs clearly missing, and NOR in the large chromosome 2, but the karyo-
types were distinct regarding the morphology of chromosome pairs 4 and 6. Based on the cytogenetic and 
phylogenetic data, it was presumed that the chromosome evolution occurred from an ancestral type with 
2n = 24, in which a small chromosome had been translocated to one or more unidentified chromosomes. 
Whichever hypothesis is more probable, other rearrangements should have occurred later, to explain the 
karyotype differences between the two species of Phyllodytes Wagler, 1830. The majority of the species 
presented a small amount of centromeric C-banded heterochromatin and these regions were GC-rich. The 
FISH technique using a telomeric probe identified the chromosome ends and possibly (TTAGGG)n-like 
sequences in the repetitive DNA out of the telomeres in I. langsdorffii and P. edelmoi. The data herein 
obtained represent an important contribution for characterizing the karyotype variability within the tribe 
Lophiohylini scarcely analysed so far.
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Introduction

The hylids of the subfamily Hylinae Rafinesque, 1815 are grouped into four large 
tribes: Cophomantini, Dendropsophini, Hylini, and Lophiohylini (Faivovich et al. 
2005, Wiens et al. 2010). In the tribe Lophiohylini 11 genera are assigned and the ma-
jority of them included the known casque-headed frogs which are distributed through-
out Central and South America. According to Faivovich et al. (2005), despite the 
phylogenetic review based mainly on molecular gene sequencing, few morphological 
synapomorphies support the current taxonomy of the tribe Lophiohylini and many 
unresolved questions still remain. Recently, the separate genus Phytotriades Jowers, 
Downieb & Cohen, 2009 was erected for the species Phyllodytes auratus (Boulenger, 
1917) based on analysis of mitochondrial rDNA sequences.

About 70 species are recognised in the tribe Lophiohylini (Frost 2011), but 
only a dozen of them from seven genera have been karyotyped (Catroli and Ka-
sahara 2009). Earlier analyses, performed exclusively with standard staining, were 
conducted during the 1960s and 1970s in the species Aparasphenodon brunoi Mi-
randa-Ribeiro, 1920, Itapotihyla langsdorffii (Duméril & Bibron, 1841), Osteopi-
lus septentrionalis (Duméril & Bibron, 1841), Trachycephalus mesophaeus (Hensel, 
1867), and T. typhonius (Linnaeus, 1758), all of them with 2n = 24, and Osteopilus 
brunneus Trueb and Tyler, 1974 with 2n = 34 (Duellman and Cole 1965, Rabello 
1970, Bogart and Bogart 1971, Foresti 1972, Bogart 1973, Cole 1974). Subsequent-
ly studies were carried out with use of banding and FISH techniques on some of 
these species (A. brunoi, I. langsdorffii, O. septentrionalis, and O. brunneus) and also 
in Argenteohyla siemersi (Mertens, 1937), Corythomantis greeningi Boulenger, 1896, 
Osteocephalus taurinus Steindachner, 1862, O. dominicensis (Tschudi, 1838), and O. 
marianae (Dunn, 1926), all of them with 2n = 24, and in O. wilderi (Dunn, 1925) 
with 2n = 28 (Schmid 1978, 1980, Anderson 1996, Morand and Hernando 1996, 
Kasahara et al. 2003, Nunes and Fagundes 2008). The species of the Lophiohylini 
genera Nyctimantis Boulenger, 1882, Tepuihyla Ayarzagüena, Señaris and Gorzula, 
1993, Phyllodytes Wagler, 1830, and Phytotriades Jowers, Downieb et Cohen, 2008 
have never been karyotyped.

The present paper deals with the chromosome analysis of A. bokermanni Pombal, 
1993, I. langsdorffii, P. edelmoi Peixoto, Caramaschi et Freire, 2003, P. luteolus (Wied-
Neuwied, 1824), T. mesophaeus, T. typhonius, and Trachycephalus sp. (probably an 
undescribed species) with use of routine and molecular cytogenetic techniques. The 
aim was to analyze species never karyotyped before and to improve the cytogenetic 
data from some other species, in order to better characterizing the karyotype variabil-
ity within the tribe Lophiohylini and to carry out a more comprehensive comparative 
analysis in the light of the current phylogeny.
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Material and methods

Cytogenetic analyses were performed with specimens of Aparasphenodon Miranda-
Ribeiro, 1920, Itapotihyla Faivovich, Haddad, Garcia, Frost, Campbell, et Wheeler, 
2005, Phyllodytes, and Trachycephalus Tschudi, 1838 (Table 1) collected in the Brazil-
ian states of Alagoas (AL), Bahia (BA), Espírito Santo (ES), Mato Grosso (MS), and 
São Paulo (SP). The voucher specimens were deposited in the amphibian collection 
Célio Fernando Baptista Haddad (CFBH), housed in the Departamento de Zoologia, 
UNESP, Rio Claro, SP, Brazil.

Direct cytological suspensions of bone marrow, liver, and testes were prepared ac-
cording to the procedures described in Baldissera et al. (1993), and from the intestinal 
epithelium according to the method of Schmid (1978). The slides were subjected to 
standard Giemsa staining and to the techniques of Ag-NOR (Howell and Black 1980), 
C-banding (Sumner 1972), and double staining with the fluorochromes AT-specific 
DAPI and GC-specific CMA3 (Christian et al. 1998). Fluorescent in situ hybridisation 
(FISH) (Pinkel et al. 1986) was carried out using the ribosomal probe HM123 (Meu-
nier-Rotival et al. 1979) and a telomeric probe (TTAGGG)n according to the DAKO 
kit instructions (Denmark). The Ag-NOR technique was frequently performed using 
the same slide after Giemsa staining or FISH technique with the HM123 probe. In 
both cases, the slides were washed with xylol to remove the immersion oil and then 
submitted to the technique for obtaining Ag-NOR as usual but decreasing the time of 
incubation in all steps of the procedure. Chromosomal images were captured with an 
Olympus digital camera D71 with use of the DP Controller program. The bi-armed 
chromosomes were classified as metacentric, submetacentric or subtelocentric accord-
ing to the nomenclature proposed by Green and Sessions (1991, 2007).

Table 1. Species, number of individuals, sex, voucher numbers, and collection locations in Brazil.

species number sex voucher numbers 
CFBH collection locations

Aparasphenodon 
bokermanni 1 male 22575 Cananéia, SP (25°01'19"S; 47°55'41"W)

Itapotihyla 
langsdorffii

2 males 22369, 22370 Ilhéus, BA (14°47'29"S; 39°02'41"W)
1 female 30973 Rio Claro, SP (22°25'20"S; 47°34'23"W)

Phyllodytes edelmoi
2 females 22583, 22584 Maceió, AL (09°40'06"S; 35°43'59"W)
1 male 22585 Maceió, AL (09°40'06"S; 35°43'59"W)

Phyllodytes luteolus 2 males 22462, 22463 Guaraparí, ES (20°39'01"S; 40°29'10"W)
Trachycephalus sp. 1 male 20664 Paranaíta, MT (09°40'56"S; 56°28'50"W)

Trachycephalus 
mesophaeus

3 males 22366, 22367, 
22368 Ilhéus, BA (14°47'29"S; 39°02'41"W)

2 females 22371, 22372 Ilhéus, BA (14°47'29"S; 39°02'41"W)
1 juvenile 22484 Ubatuba, SP (23°26'19"S; 45°05'25"W)
1 male 24222 Biritiba Mirim, SP (23°34'17"S; 46°02'15"W)

Trachycephalus 
typhonius

1 female 22365 Porto Primavera, MS (22°26'01"S, 52°58'11"W)
1 male 10033 Rio Claro, SP (22°25'20"S; 47°34'23"W)

CFBH - Célio Fernando Baptista Haddad Collection, UNESP, Rio Claro, SP, Brazil.
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Results

Specimens of Aparasphenodon bokermanni, Itapotihyla langsdorffii, Trachycephalus sp., 
T. mesophaeus, and T. typhonius had a diploid number of 2n = 24 (Fig. 1a–e) and a 
fundamental number FN = 48 and Phyllodytes edelmoi and P. luteolus had 2n = 22, 
FN = 44 (Fig. 1f–g). The Table 2 presents the relative length (RL), centromeric index 
(CI), and the centromeric position (CP) with morphologic classification of the chro-
mosomes of the seven species.

The technique of Ag-NOR was carried out in all species. In the 2n = 24 karyotypes 
the Ag-NORs were located on chromosome 10, at the terminal long arm in the case 
of A. bokermanni, Trachycephalus sp., T. mesophaeus, and T. typhonius (Fig. 1a, c–e), 
or at the interstitial short arm in I. langsdorffii (Fig. 1b). In P. edelmoi and P. luteolus 
Ag-NOR was located at the terminal long arm of chromosome 2 (Fig. 1f–g). The Ag-
impregnation occurred in the sites of the secondary constriction, although this marker 
was not always visualised in the standard stained chromosomes. In A. bokermanni and 
Trachycephalus sp. and in some individuals of the remaining species, there was vari-
ation in the pattern of Ag-NOR labelling. Within the same individual, metaphases 
exhibited Ag-NORs with conspicuous or slight difference in size or carried two Ag-

Table 2. Relative length (RL), centromeric index (CI), and nomenclature for centromeric position (CP) 
on mitotic chromosomes according to Green and Sessions (1991, 2007).

Species
Chromosome number

1 2 3 4 5 6 7 8 9 10 11 12
A. bokermanni RL 15.57 12.93 10.65 9.63 9.48 7.48 5.68 6.78 6.27 6.5 4.12 3.83

CI 0.479 0.459 0.396 0.263 0.344 0.286 0.321 0.464 0.487 0.284 0.420 0.465
CP m m m sm sm sm sm m m sm m m

I. langsdorffii RL 15.06 13.52 11.50 10.41 9.82 7.68 6.59 6.35 5.17 5.00 5.02 3.90
CI 0.460 0.421 0.355 0.241 0.361 0.225 0.391 0.483 0.472 0.472 0.460 0.467
CP m m sm st sm st m m m m m m

Trachycephalus sp. RL 14.57 11.79 11.57 9.95 9.18 7.81 6.75 6.06 4.43 5.15 4.65 4.30
CI 0.430 0.429 0.383 0.257 0.319 0.261 0.344 0.453 0.456 0.301 0.443 0.461
CP m m m sm sm sm sm m m sm m m

T. mesophaeus RL 14.33 13.57 10.66 10.47 9.04 7.98 6.76 6.35 5.94 6.97 4.72 3.83
CI 0.457 0.435 0.366 0.268 0.370 0.224 0.338 0.481 0.424 0.351 0.353 0.414
CP m m sm sm sm st sm m m sm sm m

T. typhonius RL 15.63 12.80 11.05 10.51 10.06 8.16 7.07 6.02 5.02 5.23 4.59 4.10
CI 0.462 0.397 0.364 0.236 0314 0.200 0.317 0.424 0.444 0.304 0.461 0.485
CP m m sm st sm st sm m m sm m m

P. edelmoi RL 18.38 13.74 12.88 9.90 9.74 7.73 6.86 6.77 4.88 4.06 3.74 --
CI 0.453 0.403 0.335 0.430 0.341 0.414 0.367 0.404 0.440 0.444 0.472 --
CP m m sm m sm m sm m m m m --

P. luteolus RL 16.62 12.56 11.11 10.65 9.57 8.72 8.38 7.05 5.38 4.80 4.56 --
CI 0.450 0.422 0.370 0.249 0.352 0.237 0.336 0.354 0.472 0.430 0.443 --
CP m m sm st sm st sm sm m m m --

m = metacentric; sm = submetacentric; st = subtelocentric.
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NORs with equivalent sizes; occasionally a single Ag-NOR per metaphase was also ob-
served in the same cytological preparation. FISH with an rDNA probe was performed 
in six species, with exception of P. edelmoi. Two fluorescent signals were observed in all 
analysed metaphases (Fig. 1a–e, g). In the species Trachycephalus sp. and T. mesophaeus 
the hybridisation signals always presented the same size and in A. bokermanni, I. langs-
dorffii, T. typhonius, and P. luteolus the labelling was heteromorphic in all metaphases.

The C-banding in A. bokermanni, I. langsdorffii, Trachycephalus sp., T. mesophaeus, 
and T. typhonius showed heterochromatin distribution in the pericentromeric regions 
of all chromosomes (Fig. 2). In I. langsdorffii additional C-bands were noticed at ter-
minal (chromosomes 1 and 4) and interstitial (chromosome 5) regions. This technique 
was carried out in mitotic and meiotic cytological preparations of P. edelmoi and P. 
luteolus, but no C-banded region was demonstrated in the chromosomes of these spe-
cies. The NOR site in all species was brilliant with CMA3, as well as the chromosome 
pericentromeric region (Fig. 3a, c–h). The pericentromeric fluorescence was in general 
faint and not visualised in all chromosomes. In A. bokermanni the centromeric signals 
were particularly prominent in size and brightness (Fig. 3a). No brilliant labelling was 
observed after DAPI staining in any species, except in A. bokermanni which showed 

Figure 1. Giemsa-stained karyotypes. a Aparasphenodon bokermanni, male, 2n = 24 b Itapotihyla langs-
dorffii, male, 2n = 24 c Trachycephalus sp., male, 2n = 24 d T. mesophaeus, male, 2n = 24 e T. typhonius, 
male, 2n = 24; f. Phyllodytes edelmoi, male, 2n = 22 g P. luteolus, male, 2n = 22. The insets show the chro-
mosome pairs with Ag-NOR and FISH using the rDNA probe. Bar = 10 mm.
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Figure 2. C-banded karyotypes. a Aparasphenodon bokermanni b Itapotihyla langsdorffii c Trachycephalus sp. 
d T. mesophaeus e T. typhonius. Bar = 10 mm.

Figure 3. Fluorochrome-stained metaphases. a, c-h CMA3 b DAPI a–b Aparasphenodon bokermanni 
c I. langsdorffii d Trachycephalus sp. e T. mesophaeus f T. typhonius g Phyllodytes edelmoi h P. luteolus. Bright 
DAPI fluorescence at the terminal short arms of chromosomes 10 (arrows) and the negative centromeric 
region are shown in a. CMA3 fluorescent labelling of the NOR site (arrows) and in the centromeric region 
of chromosomes in a, c–h. Bar = 10 mm.
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slight fluorescence at the terminal short arm of chromosome 10 (Fig. 3b). The chro-
mosome pericentromeric region of this species was DAPI-negative.

The telomeric probe hybridized on the chromosome ends in six of the species, ex-
cepting in P. luteolus without cytological material available for the FISH technique. 
Figure 4a–e showed metaphases of A. bokermanni, I. langsdorffii, Trachycephalus sp., 
T. mesophaeus, and T. typhonius with probe labelling at the chromosome ends and, 
in the case of I. langsdorffii (Fig. 4b), also in the pericentromeric region. In P. edel-
moi no good metaphases were obtained, but the chromosomes showed telomeric 
labelling. In one metaphase of this species, however, the large-sized chromosome 
pair 1 and 2 had probe hybridization at the proximal short and long arms (Fig. 4f).

No sex-chromosome pairs were detected in male or female specimens of I. langs-
dorffii, T. mesophaeus, T. typhonius, and P. edelmoi. In the remaining three species 
only males were karyotyped with no evidence of sex related heteromorphism. Meiotic 
analysis confirmed the diploid number in all species (Fig. 5a–g). Aparasphenodon bok-
ermanni, I. langsdorffii, Trachycephalus sp., T. mesophaeus, and T. typhonius showed 12 
bivalents. Phyllodytes edelmoi and P. luteolus showed 11 bivalents.

The main cytogenetic data obtained in the present study are summarized in the 
Table 3.

Figure 4. FISH using a telomeric probe. a Aparasphenodon bokermanni b Itapotihyla langsdorffii c Tra-
chycephalus sp. d, T. mesophaeus e T. typhonius f P. edelmoi. In b hybridisation labelling is visible in the 
centromeric region of the chromosomes and in f, at the proximal short and long arms of chromosomes 1 
and 2 observed with telomeric probe hybridisation (left) and with DAPI staining (right). Bar = 10 mm.
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Table 3. Data on chromosome number, chromosome formula, NOR and telomeric sequence localiza-
tion, C-band distribution and molecular content of repetitive DNA sequences of studied species.

species 2n fomula NOR Tel C bands DAPI CMA3

A. bokermanni 24 7m+5sm 11qt T C+NOR 10pt C*+NOR
I. langsdorffii 24 8m+2sm+2st 11pi T+C C+NOR  -- C+NOR
Trachycephalus sp. 24 7m+5sm 11qt T C+NOR  -- C+NOR
T. mesophaeus 24 5m+6sm+1st 11qt T C+NOR  -- C+NOR
T. typhonius 24 6m+4sm+2st 11qt T C+NOR  -- C+NOR
P. edelmoi 22 8m+3sm 2qt T+C C+NOR  -- C+NOR
P. luteolus 22 5m+4sm+2st 2qt --- C+NOR  -- C+NOR

m = metacentric; sm = submetacentric; st = subtelocentric; p = short chromosome arm; q = long chromo-
some arm; i = interstitial region; t = terminal region; T = telomere; C = centromeric/ pericentromeric 
region; * intense mark.

Figure 5. Giemsa-stained diakinesis and metaphases I cells. a Aparasphenodon bokermanni, 2n = 24 
b Itapotihyla langsdorffii, 2n = 24 c Trachycephalus sp., 2n = 24 d T. mesophaeus, 2n = 24 e T. typhonius, 
2n = 24 f Phyllodytes edelmoi, 2n = 22 g P. luteolus, 2n = 22. Bar = 10 mm.

Discussion

The species of the tribe Lophiohylini A. bokermanni, I. langsdorffii, Trachycephalus sp., 
T. mesophaeus, and T. typhonius with 2n = 24 shared indistinguishable karyotypes even 
though there was discrepancy in morphological classification shown in Table 2 for 
some chromosomes, as the chromosome 3 of the species, due to slight differences in 
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the chromosome arm proportion. No evidence of population karyotype difference was 
observed for I. langsdorffii, T. mesophaeus, and T. typhonius sampled in distinct loca-
tions. Considering previous data for these three species (Rabello 1970, Foresti 1972, 
Bogart 1973, Kasahara et al. 2003, Nunes and Fagundes 2008), no difference was no-
ticeable in the karyotypes, although the morphological classification of chromosomes 
and the ordering of the pairs in the distinct karyograms were not the same.

The chromosome constitution with 2n = 24 herein described is the same as found 
for the remaining eight species of Lophiohylini analysed so far, corresponding to Apar-
asphenodon brunoi, Argenteohyla siemersi, Corythomantis greeningi, Osteocephalus tauri-
nus, Osteopilus dominicensis, O. marianae, O. septentrionalis, and an unidentified species 
of Trachycephalus (see Catroli and Kasahara 2009 for references). This finding suggests 
a high degree of karyotype conservation within the tribe. Actually, a detailed compara-
tive analysis of the replication banding obtained by BrdU incorporation had shown 
unequivocal homeology at least among the chromosomes of A. brunoi, C. greeningi, 
and I. langsdorffii (Kasahara et al. 2003). It is important to emphasise that this con-
servative pattern of chromosome constitution has been observed in representatives of 
Hylinae and, according to the molecular phylogeny of Faivovich et al. (2005), a karyo-
type with 2n = 24 could be a synapomorphic condition within this subfamily. Another 
karyotype characteristic shared by the majority of the Lophiohylini species with 2n = 
24 is the NOR site in a small-sized chromosome (Schmid 1978, 1980, Anderson 1996, 
Kasahara et al. 2003, Nunes and Fagundes 2008), with the exception of Argenteohyla 
siemersi (Morand and Hernando 1996) with NOR in the chromosome pair 4.

Phyllodytes edelmoi and P. luteolus, the first two species of the genus that were ana-
lysed so far, had reduced the diploid numbers from 2n = 24 to 2n = 22 and the NOR 
site was in the large-sized chromosome 2. Nevertheless, the karyotypes of these two 
species were distinct regarding the morphology of pairs 4 and 6, that is, in P. edelmoi 
these pairs were metacentric and in P. luteolus they were subtelocentric, as it has been 
usually observed in Hylinae species with 2n = 24. The discrepancy in the morphology 
of the chromosome pairs 4 and 6 was supported by the chromosome measurements 
and the mechanism responsible for these differences might be, for example, a pericen-
tric inversion or another type of chromosome rearrangement, but this could not be 
determined at least with the cytogenetic techniques used here.

Within the sub-family Hylinae, variation as resulted of fusion events from an 
ancestral karyotype with 24 chromosomes was described for Hypsiboas albopunctatus 
(Spix, 1824) (2n = 22) and for species of the genus Aplastodiscus (2n = 18, 20, 22) 
(Gruber et al. 2007, Gruber et al. 2012). Although the chromosomes involved in the 
rearrangements could not be recognized with certainty in neither case, the derived 
chromosomes in H. albopunctatus and in Aplastodiscus species were tentatively identi-
fied by their altered morphology regarding the presumed ancestral. The reduction in 
the diploid number to 2n = 22 in Phyllodytes might also be due to fusion rearrange-
ment of end-to-end or centric type from the ancestral 2n = 24 karyotype. Taking into 
account that the two analysed species presented four small pairs instead of five and 
the NOR was on large-sized pair, the fusion, at first sight, occurred between a small 



Simone Lilian Gruber et al.  /  Comparative Cytogenetics 6(4): 409–423 (2012)418

NOR-bearing chromosome and chromosome 2. Nevertheless, the NOR-bearing chro-
mosome 2 of Phyllodytes had no noticeable relative size differences regarding the chro-
mosome 2, not carrying NOR, of the 2n = 24 species. Another possibility is the trans-
location of one of the smallest chromosomes to chromosome 1, since this element in 
the Phyllodytes species has a larger relative length when compared to the chromosome 
1 of 2n = 24 karyotypes. The translocation of a small pair to more than one unidenti-
fied chromosomes, leading to the reduction in the diploid number to 2n = 22 could 
not be discarded. Whichever of the hypotheses is more probable, other rearrangements 
should have occurred later, to explain the differences observed between the karyotypes 
of the two species of Phyllodytes. Certainly, additional cytogenetic analyses within the 
genus are necessary to outline the events occurred during the chromosome evolution.

In males and females of I. langsdorffii, P. edelmoi, T mesophaeus, and T. typhonius 
and in males of A. bokermanni, Trachycephalus sp., and P. luteolus heteromorphic sex 
chromosomes were not observed. Nevertheless in females of these three latter species 
sex chromosomes could not be discarded. Anurans, in general, do not present cytologi-
cal sex chromosome differentiation and both male or female heterogamety has been 
described in some species (Schmid et al. 2010).

A single NOR pair located in a small-sized chromosome (Schmid 1978, Green 
and Sessions 2007, Schmid et al. 2010) is a shared characteristic for the majority of 
the Lophiohylini species and this condition has also been frequently observed in other 
Hylinae of the genera Bokermannohyla Faivovich, Haddad, Garcia, Frost, Campbell et 
Wheeler, 2005, Hyla Laurenti, 1768, Hypsiboas Wagler, 1830, and Scinax Wagler, 1830 
(clade S. ruber) (Catroli et al. 2011, Cardozo et al. 2011). Although the NOR-bearing 
pair has been referred in the literature to as chromosome pairs 10, 11, or 12, most prob-
ably we are dealing with the same pair. In fact, Kasahara et al. (2003) demonstrated 
close correspondence in the replication banding patterns between the NOR-bearing 
chromosomes 10 of the Lophiohylini A. brunoi, C. greeningi, and I. langsdorffii and 
the NOR-bearing chromosomes 12 of the Dendropsophini Scinax fuscovarius (Lutz, 
1925). As stressed by Cardozo et al. (2011), NOR in a small-sized chromosome is 
considered a plesiomorphy within the subfamily, wherefore NOR location out of small 
element, as observed in Argenteohyla siemersi and in Phyllodytes, is a derived condition.

The NOR marker chromosome in our species of Lophiohylini with 2n = 24 was 
considered as the 10 and the rDNA sequences were at the interstitial short arm or at 
the terminal long arm, but no major differences were observed in the morphology of 
the chromosomes 10 among distinct species. Therefore, the mechanism that changed 
the NOR sites apparently was not a gross rearrangement, but minute structural rear-
rangements or transposition by means of mobile elements could not be discarded. If 
the movement of the NOR from chromosome 10 to chromosome 2 in Phyllodytes 
species was not a direct consequence of the rearrangement which reduced the diploid 
number in the genus, one of the two mentioned mechanisms would also be a reason-
able explanation for the discrepant NOR site, in P. edelmoi and in P. luteolus.

The technique of Ag-impregnation showed large variation in the Ag-NOR pattern 
within the same individual. Nevertheless, the FISH with an rDNA probe revealed that 
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the NOR labelling in each individual had either equivalent or distinct size in all the 
analysed cells. Such data allowed us to conclude that most probably the Ag-NOR vari-
ation was a result of differential activity of ribosomal gene in Trachycephalus sp. and T. 
mesophaeus because the hybridization labelling had the same size in both homologues; 
on the other hand, different amounts of repetitive rDNA units would be responsible 
for the observed Ag-NOR variation in A. bokermanni, I. langsdorffii, and T. typhonius 
because hybridization labelling had distinct sizes in both homologues. The single Ag-
NOR seen occasionally in some metaphases could be attributed to the lacking or insuf-
ficient amount of the non-histone proteins available for the Ag-impregnation.

The chromosomes of the species herein analysed produced C-banding results only 
after over treatment of the distinct steps of the technique. However, it was undoubt-
edly demonstrated that heterochromatin was distributed mainly in the centromeric 
regions. A similar centromeric C-banding pattern had been described in A. brunoi, C. 
greeningi, and I. langsdorffii (Kasahara et al. 2003) besides some interstitial and termi-
nal additional C-bands in the latter species. The lack of C-bands in the chromosomes 
of P. edelmoi and P. luteolus might be due to the absence of repetitive DNA identifiable 
by means of C-banding technique. Nevertheless, it will be important to confirm such 
possibility or if we are dealing with some technical difficulty, since CMA3 staining at 
the centromeres in both species, albeit with faint fluorescence, confirmed the presence 
of repetitive sequences in these regions.

Surprisingly, in spite of the low amount of C-banded heterochromatin, A. boker-
manni showed conspicuous bright fluorescence at the centromeres, similar to that ob-
served in A. brunoi (Kasahara et al. 2003). This result and the corresponding DAPI-
negative fluorescence in both species indicated presence of a particular repetitive DNA 
characteristic of the genus Aparasphenodon with an exceptional GC-content. Besides the 
centromere, each of these two species had own fluorescent markers in other chromosome 
regions: Aparasphenodon brunoi exhibited a bright CMA3 site in the long arm of chromo-
some 5 (Kasahara et al. 2003), whereas A. bokermanni had bright CMA3 site in the long 
arm of chromosome 10 and bright DAPI site in the short arm of the same chromosome 
10. Itapotihyla langsdorffii and the species of Trachycephalus and Phyllodytes showed faint 
centromeric fluorescence with CMA3 indicating that the GC-content was not high.

Although the FISH with the telomeric probe is primarily designed for identification of 
chromosome-ends, this procedure may provide information about the molecular nature of 
some repetitive sequences. As far as it has been shown, distinct organisms, including frogs 
(Meyne et al. 1990, Wiley et al. 1992, Nanda et al. 2008, Gruber et al. 2012), disclosed 
hybridization out of the telomeres, even in the cases without evidence of chromosome re-
arrangements. This would mean presence of telomere-like sequences (TTAGGG)n in sites 
of repetitive DNA and it seems to explain the labelling out the telomere sites in I. langs-
dorffii and P. edelmoi. These data reinforce the importance of the FISH with the telomeric 
probe used in combination with base-specific fluorochrome staining and C-banding for 
obtaining information on the content of distinct repetitive regions.

The interstitial hybridization signals of telomeric probe could correspond to vestig-
es of true telomeres, as reported in rodents (Fagundes et al. 1997, Ventura et al. 2006), 
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but in our sampled species, there was no evidence of telomere remnants resulted prob-
ably from chromosome rearrangements. Despite presumed fission and fusion during 
the chromosome evolution, Anderson (1996) noticed no hybridisation interstitial la-
belling in the Lophiohylini Osteopilus septentrionalis (2n=24) and O. brunneus (2n=34).

Based on the data of 22 species, a phylogenetic tree of the Lophiohylini was pro-
vided by Faivovich et al. (2005). Later, Jowers et al. (2008) added the molecular in-
formation of Phytotriades auratus and, more recently, the phylogeny of Lophiohylini 
was expanded by Wiens et al. (2010) for a total of 35 representatives. All these trees 
support the monophyly of the tribe, although the relationships of the distinct genera 
remain unclear. In the phylogeny of Faivovich et al. (2005) Phyllodytes appears in an 
isolated clade at a basal position. In the phylogeny of Wiens et al. (2010) the repre-
sentatives of Lophiohylini are grouped into two major sister-clades and the species of 
Phyllodytes and Osteopilus are included in one of these clades, along with the species 
with 2n =24. Regardless of which of the two phylogenetic hypotheses is most accurate, 
it is clear that 2n = 22 exhibited by the species of Phyllodytes is a derived condition.

The present study showed that in spite of the high similarity of the chromosome con-
stitution and of the NOR pattern among the species of Lophiohylini with 2n = 24, the 
karyotypes could be recognized by the nature of the repetitive sequences, as differentiated 
through C-banding, base-specific fluorochrome staining, and, in a certain extension, by 
FISH with telomeric probe. Cytogenetic information on the tribe is still minimal, but 
the analyses of the available data in light of the phylogeny allowed for visualization of the 
occurrence of karyotypic variations restricted to the clades of the genera Phyllodytes and 
Osteopilus. It would be interesting to enlighten the chromosome evolution with other 
accurate technical approaches and to extend the karyotyping to other species of Lophio-
hylini, especially new representatives of Phyllodytes and Phytotriades auratus.

Acknowledgements

This work was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo (FA-
PESP) and Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq). 
The authors thank to Instituto Chico Mendes de Conservação da Biodiversidade (ICM-
Bio) for providing the collection permits to SLG and CFBH. The authors are grateful to 
Akio Miyoshi, Carlos Jared, Edson Zefa, Hideki Narimatsu, João Luiz Gasparini, Juliana 
Zina, Katyuscia de Araujo Vieira, and Olívia Araújo, for help during field work.

References

Anderson K (1996) A karyological perspective on the monophyly of the hylid genus Osteopilus. In 
Powell R, Henderson RW (Eds) Contributions to the West Indian Herpetology: A Tribute 
to Albert Schwartz. Society for the Study of Amphibian and Reptiles, New York, 157–168.



Karyotype analysis of seven species of the tribe Lophiohylini (Hylinae, Hylidae, Anura)... 421

Baldissera Jr FA, Oliveira PSL, Kasahara S (1993) Cytogenetics of four Brazilian Hyla species 
(Amphibia-Anura) and description of a case with a supernumerary chromosome. Revista 
Brasileira de Genetica 16: 335–345.

Bogart JP (1973) Evolution of anuran karyotypes. In Vial JL (Ed) Evolutionary Biology of 
Anurans. Missouri Press, Columbia, 337–349.

Bogart JP, Bogart JE (1971) Genetic compatibility experiments between some South American 
anuran amphibians. Herpetologica 27: 229–235.

Cardozo DE, Leme DM, Bortoleto JF, Catroli GF, Baldo D, Faivovich J, Kolenc F, Silva APZ, 
Borteiro C, Haddad CFB, Kasahara S (2011) Karyotypic data on 28 species of Scinax 
(Amphibia: Anura: Hylidae): diversity and informative variation. Copeia 2: 251–263. doi: 
10.1643/CH-09-105

Catroli GF, Kasahara S (2009) Cytogenetic data on species of the family Hylidae (Amphibia, An-
ura): results and perspectives. Publicatio UEPG. Ciências Biológicas e da Saúde 15: 67–86.

Catroli GF, Faivovich J, Haddad CFB, Kasahara S (2011) Conserved karyotypes in Copho-
mantini: cytogenetic analysis of 12 species from 3 species groups of Bokermannohyla (Am-
phibia: Anura: Hylidae). Journal of Herpetology 45: 120–128. doi: 10.1670/09-249.1

Christian A, McNiel E, Robinson J, Drabek J, LaRue C, Wadren C, Bedford JA (1998) A ver-
satile image analysis approach for simultaneous chromosome identification and localization 
of FISH probes. Cytogenetics and Cell Genetics 82: 172–179. doi: 10.1159/000015093

Cole C (1974) Chromosome evolution in selected treefrogs including casque-headed species 
(Pternohyla, Tripton, Hyla and Smilisca). American Museum Novitates 2541: 1–10.

Duellman WE, Cole CJ (1965) Studies of chromosomes of some anuran amphibians (Hylidae 
and Centrolenidae). Systematic Zoology 14: 139–143. doi: 10.2307/2411738

Fagundes V, Vianna-Morgante AM, Yonenaga-Yassuda Y (1997) Telomeric sequences locali-
zation and G-banding patterns in the identification of a polymorphic chromosomal rear-
rangement in the rodent Akodon cursor (2n=14, 15 and 16). Chromosome Research 5: 
228–232. doi: 10.1023/A:1018463401887

Faivovich J, Haddad CFB, Garcia PCA, Frost DR, Campbell JA, Wheeler WC (2005) Sys-
tematic review of the frog family Hylidae, with special reference to Hylinae: phylogenetic 
analysis and taxonomic revision. Bulletin of the American Museum of Natural History 
294: 1–240. doi: 10.1206/0003-0090(2005)294[0001:SROTFF]2.0.CO;2

Foresti F (1972) Aspectos cromossômicos da família Hylidae (Amphibia-Anura). Master The-
sis, Universidade de São Paulo, Brasil. 80pp. [In Portuguese].

Frost DR (2011) Amphibians of the world: an on-line reference. V5.5. Electronic database 
accessible at (http://research.amnh.org/herpetology/amphibia/index.html). American Mu-
seum of Natural History, New York.

Green DM, Sessions SK (1990) Nomenclature for chromosomes. In Green DM, Sessions SK 
(Eds) Amphibian Cytogenetics and Evolution, Academic Press, San Diego, 431–432.

Green DM, Sessions SK (2007) Karyology and cytogenetics. In Heatwole H, Tyler M (Eds) 
Amphibian Biology v7, Surrey Beatty and Sons, Chipping Norton, 2756–2841.

Gruber SL, Haddad CFB, Kasahara S (2007) Chromosome banding in three species of Hypsi-
boas (Hylidae, Hylinae), with special reference to a new case of B-chromosome in anuran 

http://dx.doi.org/10.1643/CH-09-105
http://dx.doi.org/10.1643/CH-09-105
http://dx.doi.org/10.1670/09-249.1
http://dx.doi.org/10.1159/000015093
http://dx.doi.org/10.2307/2411738
http://dx.doi.org/10.1023/A:1018463401887
http://dx.doi.org/10.1206/0003-0090(2005)294[0001:SROTFF]2.0.CO;2
http://research.amnh.org/herpetology/amphibia/index.html


Simone Lilian Gruber et al.  /  Comparative Cytogenetics 6(4): 409–423 (2012)422

frogs and to the reduction of the diploid number of 2n=24 to 2n=22 in the genus. Genetica 
130: 281–291. doi: 10.1007/s10709-006-9105-6

Gruber SL, Zina J, Haddad CFB, Kasahara S (2012) Comparative karyotype analysis and chro-
mosome evolution in the genus Aplastodiscus (Cophomantini, Hylinae, Hylidae). BMC 
Genetics 13: 28. doi: 10.1186/1471-2156-13-28

Howell WM, Black DA (1980) Controlled silver-staining of nucleolus organizer regions with a 
protective colloidal developer: 1-step method. Experientia 36: 1014–1015. doi: 10.1007/
BF01953855

Jowers MJ, Downie JR, Cohen BL (2008) The Golden Tree Frog of Trinidad, Phyllodytes au-
ratus (Anura: Hylidae): systematic and conservation status. Studies on Neotropical Fauna 
and Environment 43: 181–188. doi: 10.1080/01650520801965490

Kasahara S, Silva APZ, Gruber SL, Haddad CFB (2003) Comparative cytogenetic analysis on 
four tree frog species (Anura, Hylidae, Hylinae) from Brazil. Cytogenetic and Genome 
Research 103: 155–162. doi: 10.1159/000076304

Meunier-Rotival M, Cortadas J, Macaya G (1979) Isolation and organization of calf ribosomal 
DNA. Nucleic Acids Research 6: 2109–2123. doi: 10.1093/nar/6.6.2109

Meyne J, Baker AJ, Hobart HH, Hsu TC, Ryder OA, Ward OG, Wiley JE, Wurster-Hill DH, 
Yates TL, Moyziz RK (1990) Distribution of non-telomeric sites of the (TTAGGG)n telomer-
ic sequence in vertebrate chromosomes. Chromosoma 99: 3–10. doi: 10.1007/BF01737283

Morand M, Hernando A (1996) Cariotipo y region organizadora del nucleolo en Argenteohyla 
siemersi pederseni (Anura: Hylidae). Facena 12: 141–144.

Nanda I, Fugate M, Steinlein C, Schmid M (2008) Distribution of (TTAGGG)n telomeric se-
quences in karyotypes of the Xenopus species complex. Cytogenetic and Genome Research 
122: 396–400. doi: 10.1159/000167828

Nunes RRA, Fagundes V (2008) Cariótipo de oito espécies de anfíbios das subfamílias Hylinae 
e Phyllomedusinae (Anura: Hylidae) do Espírito Santo, Brasil. Boletim do Museu de Bio-
logia Mello Leitão 23: 21–33.

Pinkel D, Straume T, Gray JW (1986) Cytogenetic analysis using quantitative, high-sensiti-
vity, fluorescence hybridization. Proceedings of the National Academy of Sciences of the 
United States of America 83: 2934–2938. doi: 10.1073/pnas.83.9.2934

Rabello MN (1970) Chromosomal studies in Brazilian anurans. Caryologia 23: 45–59.
Schmid M (1978) Chromosome banding in Amphibia I. Constitutive heterochromatin and 

nucleolus organizers regions in Bufo and Hyla. Chromosoma 66: 361–388. doi: 10.1007/
BF00328536

Schmid M (1980) Chromosome banding in Amphibia IV. Differentiation of GC- and AT-rich 
chromosome regions in Anura. Chromosoma 77: 83–103. doi: 10.1007/BF00292043

Schmid M, Steinlein C, Bogart JP, Feichtinger W, León P, La Marca E, Diaz LM, Sans A, Chen 
S-H, Hedges SB (2010) The chromosomes of Terraranan frogs: insights into vertebrate cy-
togenetics. Cytogenetic and Genome Research 130–131: 1–568. doi: 10.1159/000301339

Sumner AT (1972) A simple technique for demonstrating centromeric heterochromatin. Ex-
perimental Cell Research 75: 304–306. doi: 10.1016/0014-4827(72)90558-7

Ventura K, Silva MJJ, Fagundes V, Yonenaga-Yassuda Y (2006) Nontelomeric sites as evidence 
of chromosomal rearrangement and repetitive (TTAGGG)n arrays in heterochromatic and 

http://dx.doi.org/10.1007/s10709-006-9105-6
http://dx.doi.org/10.1186/1471-2156-13-28
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1080/01650520801965490
http://dx.doi.org/10.1159/000076304
http://dx.doi.org/10.1093/nar/6.6.2109
http://dx.doi.org/10.1007/BF01737283
http://dx.doi.org/10.1159/000167828
http://dx.doi.org/10.1073/pnas.83.9.2934
http://dx.doi.org/10.1007/BF00328536
http://dx.doi.org/10.1007/BF00328536
http://dx.doi.org/10.1007/BF00292043
http://dx.doi.org/10.1159/000301339
http://dx.doi.org/10.1016/0014-4827(72)90558-7


Karyotype analysis of seven species of the tribe Lophiohylini (Hylinae, Hylidae, Anura)... 423

euchromatic regions in four species of Akodon (Rodentia, Muridae). Cytogenetic and Ge-
nome Research 115: 169–175. doi: 10.1159/000095238

Wiens JJ, Kuczynski CA, Hua X, Moen D (2010) An expanded phylogeny of treefrogs (Hyli-
dae) based on nuclear and mitochondrial sequence data. Molecular Phylogenetics and Evo-
lution 55: 871–882. doi: 10.1016/j.ympev.2010.03.013

Wiley JE, Meyne J, Little ML, Storet JC (1992) Interstitial hybridization sites of the (TTAGGG)n 
telomeric sequence on the chromosomes of some North American hylid frogs. Cytogenetics and 
Cell Genetics 61: 55–57. doi: 10.1159/000133368

http://dx.doi.org/10.1159/000095238
http://dx.doi.org/10.1016/j.ympev.2010.03.013
http://dx.doi.org/10.1159/000133368



