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Abstract

The tree frog Aplastodiscus is a Neotropical taxon that en-
compasses 15 species in the Atlantic forest biome, with one
isolated species in the Central Brazilian Cerrado. To date,
only 8 species have been karyotyped, showing high levels of
diploid number variation, which allowed clustering species
in chromosome number groups: 2n = 24 (Aplastodiscus per-
viridis group), 2n = 22 (Aplastodiscus albofrenatus group), 2n
= 20, and 2n = 18 (both within Aplastodiscus albosignatus
group). This study aims to report karyotypic information on
4 species from the last 2 groups using classical and molecular
cytogenetic techniques and hypothesize chromosomal evo-
lutionary trends within the species groups. Aplastodiscus
weygoldti showed 2n = 22; Ag-NOR and FISH 18S rDNA sig-
nals were located in the interstitial region of the short arms
of chromosome pair 6. Aplastodiscus cavicola, Aplastodiscus
sp. 4, and Aplastodiscus sp. 6 showed 2n = 18; Ag-NOR and

FISH 18S rDNA bands were located in the terminal region of
the long arm of chromosome pair 9. Our results support mul-
tiple and independent chromosome fusion events within
Aplastodiscus, including a new chromosome fission event.
Ag-NOR and FISH 18S rDNA patterns were restricted to the
small chromosome pairs, similar to the other species within
this genus, and confirm overall chromosome morphology
conservation among the genera of Cophomantinae.

© 2021 S. Karger AG, Basel

Introduction

The tree frog genus Aplastodiscus Lutz, 1950, infor-
mally called “green clade,” belongs to the subfamily Co-
phomantinae. This Neotropical genus is mainly distrib-
uted in the Brazilian Atlantic Forest, in Northeastern Bra-
zil, whereas one species reaches the riparian forests in the
Cerrado biome. Aplastodiscus includes 15 species ar-
ranged in 4 monophyletic species groups: A. perviridis, A.
albosignatus, A. albofrenatus, and A. sibilatus, supported
by morphological characters, bioacoustics, molecular
data, and more recently, cytogenetic characters [Cruz and
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Table 1. Summarized data of the analyzed species

Species Specimen, n Sex Sample locality Voucher
Aplastodiscus weygoldti 2 Male RPPN Miguel Feliciano MZUFV 15935, UFMG-A 13166
1 Female Abdala, Caratinga (MG) UFMG-A 13167
Aplastodiscus cavicola 4 Male Vigosa (MG) MZUFV 15924, 15925, 15926,
15927
1 Male Cataguases (MG) MZUFV 16762
Aplastodiscus sp. 4 7 Male Alvorada de Minas (MG) MZUFV 15928, 15929, 15930,
15931, 15932, 15933, 15934
Aplastodiscus sp. 6 2 Male Pedra Dourada (MG) MZUFV 14528, 14527

Peixoto, 1984, 1985; Garcia et al., 2001; Cruz et al., 2003;
Faivovich et al., 2005; Berneck et al., 2016; Ferro et al.,
2018; Bezerra et al., 2020; Frost, 2020].

The phylogenetic position of Hylidae [sensu Duellman
etal., 2016] suggests that the most common diploid num-
ber 2n = 24 is a possible synapomorphy of the family
[Faivovich et al., 2005; Catroli and Kasahara, 2009], with
some divergencies, such as the presence of B chromo-
somes in the species Bokermannohyla luctuosa and Boana
albopunctata. Among the Hylidae genera, Aplastodiscus
stands out for having a high karyotypic diversity, 2n = 24,
2n=22,2n =20, and 2n = 18, which allows the separation
of species groups based on cytogenetic characters. This
monophyly is also supported by other phylogenies
[Faivovich et al., 2005; Duellman et al., 2016]. Several
mechanisms have been proposed to explain the diploid
number variation within Aplastodiscus, such as indepen-
dent chromosomal rearrangements leading to chromo-
somal reductions [Gruber et al.,, 2012; Berneck et al.,
2016].

Two species of the A. perviridis group (A. perviridis
and A. cochranae) have 2n = 24 chromosomes, with
mainly centromeric C-banding pattern. The nucleolus
organizer regions (NORs) are located in the terminal re-
gion of the long arm of chromosome pair 12 in A. cochra-
nae. In A. perviridis, NORs have been reported in chro-
mosome pair 11 [Gruber et al., 2012] or 12 [Carvalho et
al., 2009b].

All species of the A. albofrenatus group have 2n = 22
chromosomes, with the exception of A. musicus, recently
reallocated to this species group, in which the karyotype
is not known yet [Carvalho et al., 2009a; Gruber et al.,
2012; Bezerra et al., 2020]. Heterochromatic blocks are
centromeric in most chromosomes. NORs are always
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telomeric and restricted to chromosome pairs 1 and 6 in
A. albofrenatus, chromosome pair 10 or 11 in A. arildae,
chromosome pair 6 or 7 in A. eugenioi, and chromosome
pairs 6 and 10 in A. ehrhardti [Carvalho et al., 2009a;
Gruber et al., 2012].

The group A. albosignatus, the least studied group,
shows ambiguity in cytogenetic data: the species A. albo-
signatus [sensu Berneck et al., 2016] has 2n = 20 chromo-
somes, and A. leucopygius has 2n = 18 chromosomes. C-
banding markings are predominantly centromeric in all
chromosomes, and the NORs are located in the terminal
region in chromosome pair 9 [Carvalho et al., 2009b;
Gruber et al., 2012; Berneck et al., 2016]. Finally, species
of the recently proposed group A. sibilatus have not been
karyotyped yet [Berneck et al., 2016].

In this study, we characterized the karyotypes of 4
Aplastodiscus species for the first time, using classical and
molecular cytogenetic techniques, such as Ag-NOR band-
ing and FISH with an 18S rDNA probe. Finally, we pro-
pose an independent chromosome reduction within the
A. albosignatus species group, to increase knowledge on
the chromosomal evolution of the green clade.

Materials and Methods

In total, 17 adult specimens belonging to 4 species of Aplasto-
discus were collected from various localities in Minas Gerais State,
Brazil (Table 1). We sampled 1 species (A. weygoldti) from the A.
albofrenatus group and 3 species (A. cavicola, Aplastodiscus sp. 4,
and Aplastodiscus sp. 6, sensu Berneck et al. [ 2016]) from the A.
albosignatus group. All vouchers were housed in the herpetological
collection of the Museu de Zoologia Jodo Moojen from the Uni-
versidade Federal de Vicosa (MZUFV) and the amphibian collec-
tion from the Universidade Federal de Minas Gerais (UFMG-A),
both in Minas Gerais State, Brazil.
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Table 2. Comparative chromosome morphology in the 4 species

Species Chromosome pairs
1 2 3 4 5 6 7 8 9 10 11
Aplastodiscus cavicola CR 1.14 149 1.80 2.18 232 215 235 255 134 - -
CT m m sm sm sm sm sm sSm m - -
Aplastodiscus sp. 4 CR 1.04 141 185 266 271 253 205 296 131 - -
CT m m sm sm sm sm Sm sm m - -
Aplastodiscus sp. 6 CR 1.17 213 213 218 1.82 3.04 238 3.06 127 - -
CT m sm sm sm sm st sm st m - -
Aplastodiscus weygoldti CR 1.05 1.09 1.63 259 3.04 294 226 129 148 127 1.34
CT m m m sm st sm sm m m m m

CR, centromeric ratio; CT, chromosome type; m, metacentric; sm, submetacentric; st, subtelocentric.

Mitotic chromosomes were obtained from gut epithelial cells of
the specimens, according to Schmid [1978]. Each specimen was
injected intraperitoneally with 0.1% colchicine solution (0.1 mL per
10 g of body weight) for 4 h before euthanasia (carried out with 5%
lidocaine). The cells were incubated in hypotonic solution (0.9%
sodium citrate) and fixed in Carnoy’s solution (methanol:acetic
acid, 3:1).

The slides with cell suspensions were stained using conven-
tional protocols (5% Giemsa diluted in Sorensen buffer). The best
metaphases were photographed in a digital Olympus BX53 light
microscope with a DP73 Olympus camera. Chromosome pairing
and measurements were performed using Image Pro Plus® (IPP
Version 4.5) to determine the modal value (2n) and the funda-
mental number (FN) for each population. Homologs were paired
and grouped according to the centromere position, in descending
order of size. Finally, the chromosomes were classified according
to their centromeric indices into metacentric (m), submetacen-
tric (sm), and subtelocentric (st), following Green and Sessions
[1991].

Active NORSs in the preceding interphase were identified using
silver nitrate precipitation (Ag-NORs) [Howell and Black, 1980].
The FISH technique was performed according to Pinkel et al. [1986],
with modifications (denaturation with 70% formamide, at 75°C for
5 min). The 18S rDNA probe was obtained by PCR amplification,
using the primers 18SF (5'-CCGAGGACCTCACTAAACCA) and
18SR (5'-CCGCTTTGGTGACTCTTGAT) and was labeled by nick
translation with digoxigenin-11-dUTP. Signal detection and ampli-
fication were performed using isothiocyanate probe, fluorescein-
conjugated anti-digoxigenin-rhodamine. FISH images were cap-
tured in a BX53 Olympus microscope with a XM10 camera.

Results

All species analyzed from the A. albosignatus group (A.
cavicola, Aplastodiscus sp. 4, and Aplastodiscus sp. 6) had a
complement of 18 chromosomes (Table 2). All chromo-
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somes were biarmed, and their FN was 36. Chromosome
pairs 1to 7 were of larger size, with slight variation between
chromosome pairs 2 to 7, chromosome pair 8 was medi-
um-sized, and only one small-sized chromosome pair was
present. Out of these 3 species, only Aplastodiscus sp. 6 had
the chromosomal formula 4m + 10sm + 4st, showing 2
subtelocentric pairs (Fig. 1), whereas, A. cavicola and
Aplastodiscus sp. 4 had 6m + 12sm chromosomes (Fig. 1).
The representative of the A. albofrenatus group (A. wey-
goldti) showed 2n = 22 chromosomes and FN = 44, with
chromosome pairs 1 to 5 of large size, chromosome pairs
6 and 7 of medium size, and chromosome pairs 8 to 11 of
small size (Fig. 1). The chromosomal formula was 14m +
6sm + 2st. Heteromorphic sex chromosomes or supernu-
merary elements were not detected in any of these species.

The first pairs of all species are clearly metacentric.
The smallest pairs are the last 4 pairs in A. weygoldti and
the last one in the 3 species of the A. albosignatus group.
The morphology and relative size of chromosome pairs 2
to 7 were similar in all species.

Secondary constrictions were observed in the long
arms of chromosome pair 6 in A. weygoldti, and Ag-
NORs were detected in the interstitial region of the short
arm of the same chromosome pair. In the other 3 species
(A. cavicola, Aplastodiscus sp. 4, and Aplastodiscus sp. 6),
the Ag-NORs were located in the terminal region of the
long arms of chromosome pair 9. FISH confirmed the
position of the 185 rDNA sites in the terminal region of
the long arms of both homologs of chromosome pair 9.
In A. weigoldti, the 18S rDNA sites were observed in the
interstitial region of the short arms on both homologs of
chromosome pair 6.
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Fig. 1. Giemsa-stained karyotypes and NOR-bearing chromosomes after Ag-NOR staining and FISH with the
18S rDNA probe. a Aplastodiscus cavicola. b Aplastodiscus sp. 4. ¢ Aplastodiscus sp. 6. d Aplastodiscus weygoldti.

Based on the optimization method proposed by Ber-
neck et al. [2016], we added the diploid numbers of the
species analyzed in the present study. It was possible to
fill in some gaps — although there are still some critical
species that lack chromosome information — and propose
a new chromosomal rearrangement event that character-
izes the A. albosignatus group, using the TNT and Adobe
Ilustrator software systems for reconstruction and edit-
ing of the tree (Fig. 2).

Discussion

The species analyzed in this study confirm the karyo-
typic variability of Aplastodiscus and the divergence from
2n = 24 chromosomes that characterizes hylids. Indeed,
the observed diploid numbers were similar to those found
in other species of Cophomantinae (i.e., B. albopunctata
with 2n = 22 chromosomes and Bokermannohyla ibitipo-
ca with 2n = 24 chromosomes) [Souza, 2019], which are
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also divergent from other species of Hylidae due to a high
variation of the diploid number [Begak, 1968; Bogart,
1973; Baldissera et al., 1993; Gruber et al., 2007; Ferro et
al., 2012]. Considering the Aplastodiscus sp. 5 karyotype
(see comments below), karyotype data are available for 13
species of the genus [sensu Berneck et al., 2016], but no
karyotype has been reported for the A. sibilatus species
group. Our analyses confirm the diploid numbers for the
A. albofrenatus (2n = 22) and A. albosignatus (2n = 18)
groups, as previously reported [Carvalho et al., 2009a, b;
Gruber et al., 2012].

The species A. albosignatus was described considering
Cubatao municipality, state of Sao Paulo (SP), as the type
locality. Bogart [1973] found a diploid number of 2n = 20
chromosomes in this species based on individuals from
Boracéia municipality (SP). In addition, Carvalho et al.
[2009b], analyzing individuals from the populations of
Piraquara municipality, state of Parana (PR), and Sao
Bento do Sul municipality, state of Santa Catarina (SC),
reported diploid numbers of 2n = 20 chromosomes.
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Fig. 2. Optimization of the diploid number in Aplastodiscus showing the chromosomal events as synapomor-
phies. Data used to reconstruct the phylogeny are from Bogart [1973], Carvalho et al. [2009a, b], Gruber et al.

[2012], and Berneck et al. [2016].

However, Berneck et al. [2016], studying the same indi-
viduals as Carvalho et al. [2009b], classified the popula-
tions from Sao Bento do Sul (SC) as a new unnamed spe-
cies (called Aplastodiscus sp. 5). In this way, the karyotype
of A. albosignatus from Sao Bento do Sul belonged, in-
deed, to the new putative species Aplastodiscus sp. 5.
Thus, our results for the A. albosignatus group and the
reidentification of the Aplastodiscus sp. 5 population, be-
fore acknowledged as A. albosignatus [Carvalho et al.,
2009b], add new information that allows reformulating
hypotheses of evolutionary chromosomal trends. Chro-
mosomal fusion apparently occurred at the ancestral dip-
loid number from 2n = 24 to 2n = 22 [Gruber et al., 2012],
which is also observed in A. weygoldti, and this condition
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may also hold for Aplastodiscus sp. 2. These results fur-
ther support the hypothesis of independent fusions oc-
curring in the A. albofrenatus and A. albosignatus groups
[Gruber et al., 2012; Berneck et al., 2016].

In addition, our data suggest that chromosomal fusion
played a role in 2n = 24 to 2n = 18 karyotypes in the first
proposed node of the A. albosignatus group. Chromo-
somal fission also occurred in the node of Aplastodiscus
sp. 5 + Aplastodiscus flumineus + A. albosignatus, revers-
ing the diploid number from 2n = 18 to 2n = 20 in Aplas-
todiscus sp. 5 and in A. albosignatus. This fact highlights
a non-parsimonious evolutionary trend within the A. al-
bosignatus species group. In addition, we propose that the
character state observed in A. flumineus is a synapomor-
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phy of the clade. High variation in the diploid number
due to centric fusion or fission is frequently observed
among the closest species, as found in one specimen of A.
leucopygius that apparently presented a reciprocal trans-
location event [Guerra, 1988; Schmid et al., 2018]. Addi-
tionally, a reduced chromosome number increases the
number of rearranged chromosomes for the establish-
ment of specific species karyotypes, as observed in ro-
dents [Fagundes and Yonenaga-Yassuda, 1998]. Thus,
multiple and recurrent chromosomal rearrangements ex-
plain the diploid number variation of this genus. It will be
interesting if prospective cytogenetic analyses of the A.
sibilatus clade confirm the 2n = 24 plesiomorphic condi-
tion indicated for the genus.

Our results showed differences between the karyotype
formulae described here and the karyotype formulae for
other species of the group. Those rearrangements may
play an important role in the biotic diversity, since
postzygotic barriers depend on the fertility loss due to
multiple chromosomal arrangements [Sites and Moritz,
1987; Guerra, 1988; Faria and Navarro, 2010]. A. cavico-
la and Aplastodiscus. sp. 4 exhibit karyotypic formulae
similar to those of A. albosignatus and A. leucopygius,
and this character condition may be a synapomorphy for
these species.

The increased number of small chromosome pairs in
species of the A. albofrenatus group, similar to A. wey-
goldti and A. eugenioi, when compared to species of A.
albosignatus group, suggests that the events of fission and
chromosomal fusion involved the larger chromosome.
Based on the observed patterns, the chromosomal evolu-
tion from an ancestor with 2n = 24 chromosomes, for the
species analyzed here, suggests 2 pathways of chromo-
somal rearrangement events: chromosome pairs 6 and 7
in species with 2n = 18 chromosomes (A. cavicola, Aplas-
todiscus sp. 4, and Aplastodiscus sp. 6) derived from the
merger of the small chromosome pairs 7, 8, 9, and 10.
Likewise, the large chromosome pair 2 of A. weygoldti (2n
= 22) would result from fusion of the small chromosome
pair 12 and the large chromosome pair 3 [Gruber et al.,
2012].

The positions of the Ag-NORs and FISH signals of the
18S rDNA probe in chromosome pair 6 in A. weygoldti
are similar to other species in the group, but differ to the
presence of multiple NORs, as observed in A. albofrena-
tus and A. ehrhardti [Carvalho et al., 2009b]. The group
A. albosignatus presents simple NORs in the species A.
cavicola, Aplastodiscus sp. 4, and Aplastodiscus sp. 6. Ag-
NORs were localized in chromosome pair 9, as observed
in A. albosignatus and A. leucopygius [Carvalho et al.,
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2009a; Gruber et al., 2012]. In addition, a similar condi-
tion is observed in the Boana species groups [Ferro et al.,
2018], which indicates high levels of conservation of these
regions in this hylid species group.

Our study indicates new events of chromosomal rear-
rangements, combined with phylogenetic analyses, and
increases the knowledge about the cytogenetic evolution
of the genus Aplastodiscus. The hypothesis stated for the
chromosomal evolution of the A. albosignatus group
represents a new insight into the evolutionary trend for
Cophomantinae, probably due to reverse rearrange-
ments. The karyotype diversity within the genus con-
trasts with the conserved condition of typical hylid
karyotypes. However, congruent markers of NOR and
18S rDNA are stable and characterize well-defined spe-
cies groups.
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