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Abstract

The genus Physalaemus is composed by 41 species distributed in seven groups:
“albifrons”, “cuvieri”, “deimaticus”, “gracilis”, “henselii”, “olfersii” and “signifer”. Nine
species compose the group “cuvieri” but just P. cuvieri had already been karyotyped in
details. Expressive intra and interpopulational variation related to the localization of the
nucleolus organizer regions (NOR) was described for this species. Physalaemus cuvieri is
widely geographically distributed and NOR variation was described based on populations
from Southern and Southeastern Brazil. In the present work we analyzed the cytogenetic of
four populations from Northeastern, one from Northern and one from Southeastern Brazil.
Additionally, three Argentinian populations were also included. To cytogenetically
compare P. cuvieri with other species of Physalaemus, species belonging to P. cuvieri
group (i.e. P. albonotatus, P. centralis, P. cuqui and P. ephippifer), P. albifrons, recently
removed from this group, and P. santafecinus, currently alocated in P. albifrons group,
were also analyzed.

All populations of P. cuvieri studied here showed diploid number of 22
chromosomes and high intraspecific variation was observed related to the NORs. Two
populations of P. cuvieri (Urbano Santos, state of Maranhdo (MA) and Crateds, state of
Ceard (CE)) had pairs 8 and 9 as NOR-bearing chromosomes. In pair 8 the interstitial NOR
was adjacent to C-bands whereas the NOR at the nineth pair was coincident with a
heterochromatic block. In the population from Sdo Pedro da Agua Branca, state of
Maranhao (MA), besides pairs 8 and 9, the seventh pair was also a NOR-bearing one. The
specimens from Palmeiras, state of Bahia (BA) and Uberlandia, state of Minas Gerais (MG)
showed only one NOR, which was located at pair 8. In the population from Uberlandia
(MG) intraindividual differences was found related to the NOR size. In the populations
from Argentina, the interstitial NOR in chromosome pair 8 was not found. In all the
specimens of these Argentinean populations, pair 11 was the NOR-bearing chromosome
pair and additional NORs were also found in chromosomes 1, 7 or 8 (in a pericentromeric
position) in some of the individuals. The morph 11 of specimens from Argentina was very
similar to the NOR-bearing eleventh pair described for specimens from Santa Maria (RS)

previously analyzed.
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In contrast, in the population from Porto Nacional, state of Tocantins (TO), multiple
NORs were visualized at least at five chromosomes (belonging to pair 1, 3, 4 and 10), a
pattern that greatly differed from those found in the others populations of P. cuvieri. Also
concerning the C-band distribution, the karyotype found in the population of Tocantins
differed from the others. These findings are very interesting and can be useful for future
taxonomic studies of this taxon.

Regarding to chromosome morphology, P. albifrons, P. albonotatus, P. centralis, P.
cuqui, P. ephippifer and P. santafecinus were very similar, specially for the seven first
chromosome pairs, although in P. albonotatus and P. cuqui the position of some
chromosome pairs was different. All the species could be differentiated by NOR
localization and in P. ephippifer an interesting heteromorphism was detected in NOR-
bearing pair 8 of all the females. We do not discard the hypothesis that such
heteromorphism could be related to sex determination in this species, but future studies are
necessary to test it.

Except for the karyotype of P. cuvieri from Tocantins, the karyotypes described
here the principal (or only) NOR was found among the last chromosome pairs, resulting in
different chromosome morphologies, what impaired interespecific inferences of
homeologies and the recognition of possible rearrengements involving the NOR during the
differentiation of the species analyzed. On the other hand, C-banding tecnique permitted to
notice some interspecific homeologies. A band at an interstitial region in the short arm of
pair 5, and pericentromeric C-bands in the short arm of pairs 3 and 7 were detected in P.
cuvieri, P. centralis and P. ephippifer which seemed to be homeologous to C-bands found

in pair 3, 5 and 7 of P. albonotatus.
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Resumo

O género Physalaemus é composto por 40 espécies divididas em sete grupos:
“albifrons”, “cuvieri”, “deimaticus”, “gracilis”, “henselii”, “olfersii” e “signifer”. Nove
espécies compdem o grupo "cuvieri" e dessas apenas P. cuvieri ji teve seu caridtipo
descrito com detalhes, tendo apresentado expressiva variagdo intra e interpopulacional em
relacdo a localizagdo de regides organizadoras de nucléolo (NOR). Dado que P. cuvieri
apresenta ampla distribuicdo geografica e que a variacdo mencionada foi encontrada em
populacdes do sul e do sudeste do Brasil, no presente trabalho ampliamos seu estudo, com a
andlise cromossOmica de quatro populacdes da regido nordeste, uma da regido norte e uma
da regido sudeste do Brasil. Adicionalmente uma populagdo da Argentina também foi
estudada. Com o intuito de comparar cariotipicamente P. cuvieri com outras espécies de
Physalaemus, também foram estudados os caridtipos de P. albonotatus, P. centralis, P.
cuqui e P. ephippifer, pertencentes ao grupo "cuvieri", P. albifrons, espécie recentemente
removida desse grupo, e P. santafecinus atualmente do grupo de P. albifrons.

Todas as populagdes de P. cuvieri aqui estudadas apresentaram caridtipo com
2n=22 cromossomos e grande variagdo em relacdo as NORs pdde ser observada. Duas
populacdes de P. cuvieri (Urbano Santos-MA e Cratets-CE) apresentaram as NORs nos
pares 8 € 9. No par 8, a NOR, de localizacao intersticial, mostrou-se adjacente a uma regiao
de heterocromatina, enquanto a NOR presente no par 9 foi coincidente com um bloco
heterocromatico. Na populagio de Sdo Pedro da Agua Branca (MA), além dos pares 8 e 9,
o par 7 foi também portador de NOR. Na populagdo de Palmeiras (BA) e Uberlandia (MG),
apenas um par cromossomico (8) foi portador de NOR. Na populagdo mineira, diferencas
intra-individuais foram encontradas principalmente em relagdo ao tamanho da NOR. Ja nas
populacdes da Argentina, a NOR intersticialmente localizada no o par cromossdmico 8 ndo
foi encontrada. Em todos os exemplares dessas populagdes argentinas, o par 11 foi portador
de NOR e NORs adicionais foram encontradas nos cromossomos 1, 7 ou 8 (em posi¢do
pericentromérica) em alguns individuos. E interessante notar que o morfo 11 dessa
populagdo argentina € muito semelhante a0 cromossomo 11 encontrado na populagdo de

Santa Maria (RS) analisada anteriormente.
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Ja na populacdo do estado de Tocantins, NORs multiplas foram visualizadas em
pelo menos cinco cromossomos (pertencentes aos pares 1, 3, 4 e 10), padrdo que difere
bastante daqueles encontrados nas outras populacdes de P. cuvieri. Também em relag¢do ao
padrdo de distribuicdo de bandas heterocromaticas no cariétipo, a populacdo de Tocantins
analisada difere das demais, fato que intriga e corrobora a necessidade de uma revisio
taxondmica da espécie em questao.

A morfologia cariotipica de P. albifrons, P. albonotatus, P. centralis, P. cuqui, P.
ephippifer e P. santafecinus foi muito semelhante, principalmente em relagdo aos primeiros
pares cromossOmicos, embora em P. albonotatus e P. cuqui a ordenagdo de alguns pares
tenha sido diferente. Todas essas espécies puderam ser diferenciadas pela localizacdo da
NOR e em P.ephippifer um interessante heteromorfismo foi observado no par 8 portador de
NOR em todas as fémeas analisadas. Nao foi descartada a hip6tese de tal heteromorfismo
estar relacionado a determinagdo sexual nessa espécie, no entanto, futuros estudos sdo
necessdrios para sua comprovagao.

Exceto no cariétipo dos individuos de P. cuvieri de Tocantins, nos caritipos aqui
descritos a principal (ou tnica) NOR foi encontrada nos dltimos pares cromossomicos,
alterando a morfologia desses, o que dificultou a inferéncia de homeologias interespecificas
e dos possiveis rearranjos que envolveram a NOR durante a diferenciacdo das espécies em
andlise. J4 com o bandamento C, algumas homeologias interespecificas foram claramente
notadas. Uma banda intersticial no braco curto do par 5, outras na regido pericentromérica
do braco curto dos pares 3 e 7, por exemplo, foram encontradas em P. cuvieri, P. centralis
e P. ephippifer, e parecem homedlogas as encontradas nos pares classificados como 3, 5 e 7

no cariétipo de P. albonotatus.



INTRODUCAO

Analises citogenéticas em anuros

Até a década de 1980, os estudos citogenéticos em Anura eram desenvolvidos com
técnicas simples e a maior preocupagdo dessas investigagdes era a caracterizacdo do
nimero e da morfologia dos cromossomos por coloracdes convencionais, especialmente
Giemsa. Tais técnicas permitiram detectar a ocorréncia de certa variabilidade entre os
anuros, que se mostrou grande em determinados géneros como Eleutherodactylus (Bogart,
1970, 1973, 1981, 1991). Até hoje o nimero dipléide e a morfologia cromossdmica
constituem importantes caracteristicas para andlises citogenéticas comparativas. Espécies
muito semelhantes morfologicamente e que poderiam ser consideradas, a primeira vista,
como uma unica espécie, puderam ser diferenciadas cariotipicamente com base nessas
caracteristicas. Isso foi verificado, por exemplo, em Osteopilus brunneus (2n=34) e
Osteopilus septentrionalis (2n=24) (Cole, 1974), em Megaelosia massarti (2n=28) e M.
boticariana (2n=32) (Mello et al., 1995; Giaretta et al., 1998), diferenciadas pelo ntimero e
morfologia dos cromossomos. Outras espécies como Dendropsophus nanus e D. sanborni
(2n=30) (Medeiros et al., 2003), Paratelmatobius cardosoi e Paratelmatobius sp. (aff.
cardosoi) (2n=24) (Lourenco et al., 2000, 2003), e espécies de Epipedobates (Aguiar-Jr et
al., 2002) ttm o mesmo numero cromossOmico, € puderam ser diferenciadas pela
morfologia de alguns cromossomos.

Embora alguns mecanismos de evolucdo cariotipica em Anura tenham sido
propostos com base apenas em estudos de morfologia cromossdmica (veja Morescalchi,
1967; Bogart, 1973), uma melhor compreensio das relagdes cariotipicas passou a ocorrer
apdés o uso de técnicas citogenéticas mais avancadas. Dentre essas, encontram-se as de
bandamento C, bandamento de replicacdo, o método de impregnacdo pela prata, a
coloracdo com fluorocromos e a hibridagdo in situ, que possibilitam a melhor
caracterizacdo dos cromossomos, facilitando o reconhecimento de homeologias e a

inferéncia de rearranjos envolvidos na evolugao cariotipica dos anuros.



Com o uso de tais técnicas, espécies muito semelhantes morfologicamente e que
apresentaram cariftipos com mesmo numero e mesma morfologia cromossomica quando
analisados com coloragdes convencionais, puderam ser diferenciadas citogeneticamente.
Variacoes interespecificas de localizacdo e nimero de regides organizadoras nucleolares
(NORs), por exemplo, ja foram relatadas em espécies de Hyla holoarticas (Anderson,
1991), em espécies do grupo de Hypsiboas pullchellus (Ananias et al., 2004), em espécies
de Chaunus (Baldissera et al., 1999) e em Dendropsophus nanus e D. sanborni (Medeiros
et al., 2003), dentre outras. Com o método de bandamento C, que evidencia regides de
heterocromatina, também foram detectadas variacOes que distinguem espécies, como
notado por Anderson (1991) em espécies de Hyla, em espécies de Telmatobufo (Formas et
al., 2000) e em Colostethus (Veiga-Menoncello et al., 2003).

Esses métodos tém sido tteis também para mostrar variacdes intra-especificas de
localizac@o e nimero de NORs e de bandas heterocromaticas. Foram relatadas variacdes
desse tipo, por exemplo, em Bufo terrestris (Foote et al., 1991), Agalychnis callidryas
(Schmid et al., 1995), Dendropsophus ebraccatus (Kaiser et al., 1996), Engystomops
petersi (Lourenco et al., 1998), Physalaemus cuvieri (Silva et al., 1999) e Dendropsophus
nanus (Medeiros et al., 2003).

Outra importante aplica¢do dessas técnicas citogenéticas € a identificacdo de pares
cromossOmicos sexuais. Apenas poucas espécies de anuros jd estudadas citogeneticamente
apresentaram cromossomos sexuais heteromorficos (ver revisao de Schmid et al., 1991) e
em muitas delas o reconhecimento dos cromossomos sexuais s6 foi possivel depois da
aplicacdo de algum tipo de bandamento (exemplo em Schempp et al., 1981). No entanto,
em alguns casos os cromossomos sexuais sdo heteromorficos também em relagdo ao
tamanho e/ou morfologia, como ocorre em Eleutherodactylus shrevei e E. euphronides
(Schmid et al., 2002), em que uma grande diferenca de tamanho pode ser notada entre os
cromossomos Z e W, gracas a presenca de grande quantidade de heterocromatina nesse
ultimo. Tanto sistemas cromossdmicos XX/XY como ZZ/ZW, OO/WO (ver referéncias em
Schmid et al., 1991) e também sistemas multiplos, como o de Eleutherodactylus biporcatus
(previamente descrito como E. maussi; Schmid et al., 1992) ja foram descritos para anuros

pertencentes a diversas familias, o que evidencia que a diferenciacdo de cromossomos



sexuais ocorreu diversas vezes na histéria evolutiva desse grupo. Por isso, a andlise da
diferenciacdo desses cromossomos pode constituir valiosa ferramenta para o estudo da
evolucdo cariotipica nos grupos em que cromossomos sexuais heteromorficos sdo

identificados (exemplo em Iturra & Veloso, 1989 e Cuevas & Formas, 1996).

O grupo de Physalaemus cuvieri

O género Physalaemus (Anura, Leiuperidae) € encontrado na América do Sul, a
leste dos Andes e é composto atualmente por 41 espécies (Frost, 2007), distribuidas em sete
grupos: “albifrons”, “cuvieri”, “deimaticus”, “gracilis”, “henselii”, “olfersii” e “signifer”
(Nascimento et al., 2005). Esse género apresenta grande quantidade de polimorfismos e
notdria abundancia de espécies cripticas (Barrio, 1965), o que dificulta a identificagdao
satisfatéria de algumas populacdes com base apenas em critérios morfoldgicos. Isso ocorre,
por exemplo, com P. biligonigerus e P. marmoratus (Barrio, 1965), atualmente alocados no
grupo “albifrons”, e com P. cuvieri, P. ephippifer, P. centralis e P. albonotatus (ver Frost,
2007, para referéncias), pertencentes ao grupo “cuvieri” (Nascimento et al., 2005).

O grupo “cuvieri” compreende nove espécies e € considerado o segundo maior do
género, de acordo com a recente revisao taxondmica realizada por Nascimento et al. (2005).
Nesse estudo, os autores reagruparam vdrias espécies de Physalaemus e o grupo “cuvieri”
deixou de alocar 20 espécies antes atribuidas a ele (Lynch, 1970). Dentre elas, encontra-se
P. albifrons, que passou a compor o grupo de “albifrons” juntamente com P. biligonigerus,
P. marmoratus e P. santafecinus.

As espécies do grupo “cuvieri” apresentam ampla distribuicdo geografica, fazendo
com que esse grupo esteja representado do Norte ao Sul da América do Sul a leste dos
Andes, ocorrendo da Venezuela a Argentina, em formagdes abertas do Cerrado, Caatinga,

Chacos e em regides de dominios planos (Nascimento et al., 2005).

Importancia da analise cromossomica de espécies do grupo de Physalaemus
cuvieri
A maioria dos estudos citogenéticos existentes até o momento para o gé€nero

Physalaemus foi realizada com técnicas convencionais € mostrou um ndmero dipléide



conservado de 22 cromossomos, que diferem muito pouco em sua morfologia. No grupo de
P. cuvieri foram assim determinados os caridtipos de P. centralis (Denaro, 1972), P.
aguirrei, P. cicada, P. gracilis e P. kroyeri (De Lucca et al., 1974). O caridtipo de P.
cuvieri foi inicialmente descrito com técnicas convencionais por Becgak et al. (1970) e,
posteriormente, andlises complementares foram apresentadas por Silva et al. (1999), que
evidenciaram uma interessante variabilidade em relagdo ao nimero e a localizacdo de
NORs nessa espécie. Dentre os espécimes de P. cuvieri de Rio Claro (SP), diferentes
padroes de distribuicio de NORs foram detectados e estes ndo foram os mesmos
observados na populagdo de Santa Maria (RS) (Silva et al. 1999). Portanto, a andlise de
outras populacdes dessa espécie, cuja distribuicdo geogrifica € bastante ampla, ¢é
importante para melhor compreensao dessa variacdo cariotipica.

Com relagdo as espécies anteriormente atribuidas ao grupo de P. cuvieri, P.
albifrons teve seu cariétipo descrito com base em colora¢do convencional com Giemsa por
Denaro (1972). E importante notar que a mesma metdfase usada nessa descricdo foi
anteriormente utilizada por Becak et al. (1970) para ilustrar o cariétipo de P. marmoratus
(referida pelos autores como P. fuscomaculatus). Amaral et al. (2000), analisando o
caridtipo de P. marmoratus, sugeriram que a metifase em questdo fosse mesmo de P.
albifrons. Tal equivoco provavelmente resultou de problemas relativos a identificacdo
taxondmica dessas espécies e reforca a importancia de estudos de outras naturezas para
uma melhor compreensdo desses anuros.

Considerando que os dados cromossdmicos se mostram tdo varidveis em P. cuvieri,
¢ provavel que a andlise citogenética de diferentes populagdes assim como das demais

espécies desse grupo possa fornecer caracteres valiosos para a distin¢ao entre essas espécies

e também para futuros estudos evolutivos.



II. OBJETIVOS

O presente trabalho teve como objetivo ampliar o nimero de populacdes de P.
cuvieri analisadas citogeneticamente, com o intuito de melhor avaliar a variacdo em relagdo
a localizacdo de NORs nessa espécie. Pretendeu-se também descrever detalhadamente o
cariotipo de outras quatro espécies do grupo de P. cuvieri e duas do grupo de P. albifrons,
fornecendo comparacdes interespecificas que possam auxiliar futuros estudos taxondmicos

e sistematicos.
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Abstract

Previous cytogenetic work based on silver staining and the C-banding technique
revealed interesting NOR variability in Physalaemus cuvieri from southeastern and
southern Brazil. In this paper, we investigated the NOR staining pattern in nine other
populations of this species from northern, northeastern and southeastern Brazil and the
province of Misiones in Argentina. Testicular and intestinal epithelial chromosomes were
processed for staining with Giemsa, C-banding, silver impregnation and in situ
hybridization with rDNA probes. All of the populations had 2n=22 and NF = 44, and very
similar karyotypes concerning the morphology of the chromosomes, but they showed a
high variability in NOR pattern. NORs occurred mainly in the smaller chromosomal pairs,
except for Porto Nacional population, in which chromosome pairs 1, 3 and 4 carried NORs
in all the specimen analyzed, besides pair 10. Additionally to the NOR pattern, C-band
distribution was also able to distinguish the specimens of Porto Nacional from all the other
populations analyzed to date. Except for the specimens from Porto Nacional, the Brazilian
populations analyzed here had an NOR in chromosomal pair 8, whereas the Argentinian
populations showed the principal NOR terminally in pair 11. All the specimens from the
three populations of the northeast region of Brazil analyzed had an NOR in chromosome 9,
not found in the other populations. In specimens of Sdo Pedro an NOR in chromosome 7
was additionally found. Interindividual variability in the number of NORs was also
observed in the populations analyzed here, except for Palmeiras and Uberlandia, although
in these populations variability in NOR size was observed as well as in all of the others.
Additionally interesting intraindividual variations in NOR size were also detected in
specimens from Uberlandia. Despite the mentioned variations, a heterochromatic C-band of

variable intensity was detected in the short arm of chromosome 5 in all of the populations.

Keywords: Cytogenetics; chromosome; NOR; Anura; Physalaemus



12

1. Introduction

The South American frog genus Physalaemus is allocated in the family Leiuperidae,
together with Edalorhina, Engystomops, Eupemphix, Pleurodema, Pseudopaludicola and
Somuncuria (Grant et al., 2006). Physalaemus currently comprises 41 species distributed in
South America east of the Andes (Frost, 2007) and is arranged in seven phenetic groups:
“albifrons”, “cuvieri”, “deimaticus”, “gracilis”, “henselii”, “olfersii” and ‘“signifer”
(Nascimento et al., 2005), although there is no proposal of phylogenetic intrageneric
relationships for Physalaemus.

Cytogenetic studies are useful for taxonomic analyses since they allow the
characterization of the karyotype and provide data on the evolutionary chromosomal
rearrangements of the species. In Anura, cytogenetic methods have been used to distinguish
among species based on the patterns of heterochromatic bands (Schmid et al., 1993; Formas
& Cuevas, 2000; Odierna et al., 2001; Veiga Menoncello et al., 2003) or by the localization
of nucleolus organizer regions (NORs) (Veiga-Menoncello et al., 2003; Ananias et al.,
2004). However, intraspecific variability in the Ag-NOR patterns has been observed in
different anuran taxa (Wiley et al., 1989; Foote et al., 1991; Miura et al., 1994; Schmid et
al., 1995; Kaiser et al., 1996; Silva et al., 1999; Lourenco et al., 1998).

Physalaemus cuvieri is widely distributed throughout South America, occurring in
northeastern, central and southern Brazil, northeastern Argentina, eastern Paraguay,
southeastern Bolivia, and possibly the lowlands of southern Venezuela (Frost, 2007).
Intraspecific morphological variations have frequently been reported for this species. The
reproductive biology of populations in northeastern and southeastern Brazil is similar, but
their reproductive season differs because of the distinct climatic patterns of these regions
(Barreto & Andrade, 1995).

Previous cytogenetic analyses of P. cuvieri specimens from five localities in
southern and southeastern Brazil revealed marked intraspecific variation in the number and
chromosomal localization of NORs (Silva et al., 1999). To investigate these
interpopulational variations better, in this study we extended this cytogenetic analysis to

other populations of P. cuvieri from states in northeastern and central Brazil (Maranhao,
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Ceard, Bahia, Tocantins and Minas Gerais) and from the province of Misiones in

Argentina.

2. Material and Methods

2.1. Specimens

Specimens from six Brazilian and three Argentinian populations were analyzed
(Table 1 and Fig. 1). The Brazilian specimens were collected in the states of Maranhdo and
Ceara by Dr. Gilda V. de Andrade, in the states of Tocantins and Minas Gerais by Ms.
Sergio Siqueira-Jr and in the state of Bahia by Dr. Maria Licia Del Grande. Voucher
specimens were deposited in the Museu de Histéria Natural, “Prof. Addao José Cardoso”
(ZUEC), Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brazil, and in
Museu Nacional do Rio de Janeiro (MNRJ), Universidade Federal do Rio de Janeiro
(UFRJ), Rio de Janeiro, RJ, Brazil. The Argentinian specimens were collected by Diego
Baldo (under a permit issued by the Ministerio de Ecologia, Recursos Naturales
Renovables y Turismo de la provincial de Misiones) and deposited in the Diego Baldo

(DB) collection in the Museo de La Plata in Buenos Aires, Argentina.

2.2. Chromosomal preparations and techniques

Mitotic metaphases were obtained from a suspension of intestinal and testicular
cells from frogs treated with colchicine (2%) for at least 4 h (Schmid, 1978; Schmid et al.,
1979). Chromosomes were stained conventionally with 10% Giemsa solution and
processed by the Ag-NOR method (Howell & Black, 1980) and for fluorescence in situ
hybridization (FISH) (Viegas-Péquinot, 1992) using the rDNA probe HM 123 (Meunier-
Rotival et al., 1979). The C-banding technique (King, 1980) was done for all of the

Brazilian populations.

3. Results
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3.1. Morphology of the chromosomes and NOR distribution

All of the specimens analyzed had 2n=22 biarmed chromosomes (NF = 44) and no
sex chromosomes were detected. The chromosomal pairs 1, 2, 5, 6, 9, 10 and 11 were
metacentric, whereas the remaining pairs (3, 4, 7 and 8) were submetacentric in most of the
populations (Fig. 2). However, chromosome 9 was submetacentric in all specimens from
Urbano Santos (MA), Crateuts (CE) (Fig. 2A,B) and Sdo Pedro da Agua Branca (MA) (Fig.
8), pair 8 was metacentric in specimens from Palmeiras (BA) (Fig. 2D) and the eleventh
pairs was submetacentric in the Argentinian population (Fig. 4).

An interesting interpopulational variation was detected in relation to the NOR
occurrence and it responded to the morphological variations above-mentioned, except for
Palmeiras population. In the specimens from Urbano Santos (MA) and Crateus (CE), NORs
were detected interstitially in the long arm of chromosomes 8 and 9 (Fig. 5). The NOR on
pair 8 varied in size among six specimens from Urbano Santos (MA) (Fig. 5 A-C, E-H) and
three specimens from Cratetis (CE) (Fig. 51, J, L) while in pair 9 the NOR sites were highly
polymorphic. Overall, eight patterns of NOR distribution in chromosome 9 were detected in
specimens from Urbano Santos (MA) (Fig. SA-H), and another four patterns were observed
in specimens from Crateds (CE) (Fig. 5I-L). In specimens from Urbano Santos (MA), FISH
with an rDNA probe was also used to confirm the existence of some of the smaller NORs
visualized with the Ag-NOR method (Fig. 6).

Since the size and morphology of pairs 8 and 9 were very similar in all of the
populations, the C-banding technique was essential for distinguishing between the pairs;
pair 8 had heterochromatic bands adjacent to the NOR whereas the NORs in pair 9
coincided with the dark C-bands (Fig. 7).

In specimens from Sdo Pedro da Agua Branca (MA), in addition to pairs 8 and 9,
pair 7 also had an NOR (Fig. 8C,D). Interestingly, the NOR in pair 8 was not constant in
this population since Ag-NOR staining failed to detect this site in one of its homologues in
specimen MNRJ 24255 (Fig. 8A,C). Another interesting feature of this specimen was the
heteromorphic morphology of chromosome 4 (Fig. 8A) that was unrelated to variations in

cytogenetic markers such as C-banding or NOR staining; the cause of this variation is
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unclear. In this population, C-banding was very useful for distinguishing pair 8, which had
an NOR adjacent to heterochromatic bands, from pair 9, in which the NORs coincided with
the C-bands (Fig. 8B,C).

In specimens from Uberlandia (MG) and Palmeiras (BA), NORs were detected only
in an interstitial region of the long arm of pair 8 (Figs. 9 and 10), adjacent to C-bands (Fig.
3C,D). As mentioned above, pair 8 of individuals from Palmeiras (BA) differed
morphologically from the other chromosomes since they had a longer short arm, with an
interstitial C-band near the centromere (Fig. 3D).

An intriguing intraindividual variation in NOR size was detected by Ag-NOR
staining in five specimens from Uberlandia (MG) (Fig. 9A). In four of these specimens, the
variation in NOR size was confirmed by FISH with an rDNA probe (Fig. 9B). Another
interesting finding was the absence of the NOR in one of the homologues of pair 8 and the
detection of an additional NOR site in the short arm of chromosome 3 by FISH with an
rDNA probe in two of 27 metaphases for one specimen (ZUEC 13368) from this same
population (Fig. 9C). This additional site was not detected by Ag-NOR staining, even
though 26 silver-stained metaphases from this specimen were analyzed.

The specimens from Argentina differed from the others analyzed here since their
single (Figs. 4A and 4B) or principal NOR (Figs. 4C, 4D and 4E) was detected in pair 11 in
all of the specimens examined. Additional NORs were found in the long arm of one
chromosome 1 (Fig. 4C), the short arm of one chromosome of pair 7 (Fig. 4E), and the long
arm of one chromosome of pair 8, but, in this case, in a region near the centromere in the
long arm (Fig. 4D), in contrast to the NOR site in pair 8 of specimens from Brazilian
populations. One specimen from Fachinal (DB 4192) showed considerable NOR size
variation between the homologous chromosomes 11 in all of the metaphases analyzed by
Giemsa or Ag-NOR staining (Fig. 4B).

The NOR patterns found in metaphases of specimens from Porto Nacional (TO)
greatly differed from all the others described above. In these specimens, a larger number of
sites were detected by silver staining and FISH with an rDNA probe. Several non-specific
markers were seen as in some metaphases after both of these techniques (Fig. 11) and we

considered as real NOR sites only the sites detected in all the metaphases analyzed. When
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present, the non-specific markers were frequently seen as brown sites in silver staining
metaphases and as small dots in metaphases hybridzed with rDNA probe, except for a non-
specific marker found near the centromere in the chromosome 5 in the specimen ZUEC
13379, which was strongly detected by FISH although was seen as a brown region in the
majority of the silver stained metaphases. The NOR-bearing chromosome pairs were 1, 3, 4
and 10, and in all of them the NORs were proximal to the centromere (Fig. 11).

The NORs detected in the different populations were seen as secondary

constrictions in metaphases stained by Giemsa (Figs. 2, 4 and 8A).

3.2. Heterochromatin distribution

Heterochromatic blocks were seen in all of the centromeric regions. Non-
centromeric banded regions were seen adjacent or coincident with the NOR in
chromosomes 8 or 9 of specimens from the Brazilian populations, as mentioned above (Fig.
3 and 8B). Additionally all of the Brazilian populations showed constitutive
heterochromatin interstitially in chromosome pair 5, in pericentromeric regions of pairs 3
and 7, and in the telomeric regions of chromosome pair 1, although in specimens from
Uberlandia these terminal C-bands were not detected (Fig. 3C). The interstitial and the
pericentromeric bands above-mentioned were easier to detect in metaphases from Palmeiras
(BA) and Porto Nacional (TO) (Figs. 3D,E).

The interstitial regions of chromosomes 6 and 9 were also C-banded in specimens
from Uberlandia (MG) (Fig. 3C), while in specimens from Palmeiras (BA) interstitial C-
bands were also seen in chromosomes 2, 6, 9 and 10, in addition to a telomeric C-band in
the long arm of chromosome 3 (Fig. 3D).

Individuals from Porto Nacional (TO) had pericentromeric C-bands in several
chromosomes, as well as some telomeric C-bands (Fig. 3E and 11F), and some of them
coincided with the non-specific markers observed after silver staining and FISH with rDNA

probe (Fig 11).
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4. Discussion

In general, the chromosomal morphology of the P. cuvieri specimens from different
localities examined here were very similar to each other, with NF = 44 characteristic of the
genus Physalaemus (Becak et al., 1970; Denaro et al., 1972; De Lucca et al., 1974; Amaral
et al., 2000; Silva et al., 2000). This similarity was seen mainly in the first seven pairs of
the karyotype, which were apparently very conserved in the genus. The apparent inversion
in the ordination of pairs 3 and 4 could possibly reflect inherent variations in the method
used to make the measurements since these pairs were very similar in size.

All of the specimens analyzed showed small amounts of centromeric
heterochromatin, in agreement with those reported by Silva et al. (1999) for the same
species. A conspicuous interstitial C-band has also been found in the short arm of
chromosome 5 in all of the individuals analyzed so far. Other C-bands commonly found in
these specimens included small pericentromeric blocks in the short arm of chromosomes 3
and 7, particularly in populations from Palmeiras (BA) and Porto Nacional (TO).

In contrast, there was some interpopulational variation in the C-band distribution,
with the main differences being related to the distribution of heterochromatin in specimens
from Porto Nacional (TO). These specimens had C-banded pericentromeric regions in
almost all of the chromosomes, including chromosome 9, which also had a pericentromeric
band in the long arm in populations from Rio Claro (SP) and Santa Maria (RS) (Silva et al.,
1999). The intensity of an interstitial C-band in the short arm of chromosome 2 also varied
among the populations, being more evident in the population from Rio Claro (Silva et al.,
1999) and in specimens from Palmeiras. Such variations may indeed reflect
interpopulational variations in the size of heterochromatic bands, but one cannot exclude
the hypothesis that they resulted from technical difficulties in detecting these small C-
bands. A further difference was noted in a C-band of the short arm of pair 8, which was
detected only in specimens from Palmeiras (BA); this band could be involved in the
metacentric morphology of this pair since in the other populations pair 8 was

submetacentric.
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4.1. NOR variability

Compared to the C-banding pattern, there was considerably more variability among the
NORs. The presence of more than one NOR-bearing chromosomal pair is considered a
derived condition in anurans (King et al. 1990) and most of the populations of P. cuvieri
analyzed showed this characteristic. In a previous study of P. cuvieri, Silva et al. (1999)
found a maximum of five NOR-bearing chromosomes in four different chromosomal pairs
from site B at Rio Claro in Sdao Paulo state (SP), southeastern Brazil. Although additional
NORs were commonly found in southeastern Brazilian sites studied by Silva et al. (1999),
chromosome 8 was detected as the principal NOR-bearing chromosome at three of these
localities whereas chromosome 11 was the NOR-bearing chromosome in karyotypes from
Boracéia, SP, southeastern Brazil, and Santa Maria, Rio Grande do Sul (RS), southern Brazil.

In the populations from northeastern analyzed here, the long arm of pair 8 always bore
an NOR, as did other chromosomal pairs (pair 9 and also pair 7 in specimens from Sdo Pedro
da Agua Branca), whereas in specimens from Argentina the main NOR was located on pair
11. The karyotypes from Boracéia (SP) and Santa Maria (RS) (see Silva et al., 1999) and
Argentina (present paper) shared the same staining pattern for the main NOR, which
occupied a terminal region of chromosome 11. This terminal NOR was also found in five of
six specimens from Rio Claro (SP) (Silva et al., 1999), but in this case it was not the principal
NOR site and all of these specimens were heterozygous for the presence of this NOR. In
contrast, there was no NOR at this location (11p ter) in any of the specimens from the
northern and northeastern Brazilian populations analyzed. Hence, the occurrence of those
cytogenetic markers agree with the geographical distances among the populations sampled.

All of the specimens from the states of Ceard and Maranhdo had an NOR on
chromosomal pair 9 that was absent in the other populations. The wide variation in the
number and size of the NOR sites in these populations generated considerable morphological
variation in this chromosome. In some cases, a clear distinction between pairs 8 and 9 was
possible only by analyzing C-banded metaphases after silver impregnation since the NORs in

pair 9 were also showed C-banding. A possible explanation for the detection of NORs by C-
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banding was suggested by King et al. (1990) based on studies with hylids and involved the
presence of repetitive sequences in the intergenic spacers of ribosomal DNA.

As with the population from Rio Claro (SP) analyzed by Silva et al. (1999), several
NOR-bearing chromosomes were detected in the population from Porto Nacional (TO).
However in this latter the NOR-bearing chromosomes 8 and 11 commonly found in the
others populations of this species were not seen and the NORs occurred in pairs 1, 3, 4 and
10, greatly differing from the other populations analyzed to date. Besides the NORs, several
non-specific sites were also detected in many metaphases after silver staining or FISH with
rDNA probe. Silver non-specific marks were already described in many other cytogenetic
studies and this detection was attributed to their heterochromatic nature (examples in Sumner,
1990; Séanchez et al., 1995, Dobigny et al., 2002). In Anura, the case of Leptodactylus
mystacinus (Silva et al., 2006) is particularly interesting, since several non-specific sites were
present in silver stained metaphases but were not detected by FISH with rDNA probe. The
detection of heterochromatic regions by FISH with rDNA probe was already reported in a
recent study by Martins et al. (2006). In this study a 5S ribosomal gene probe was able to
detect several centromeric regions in the fish Hoplias malabaricus and we believe that the
same phenomena occurred in our FISH experiments with HM 123 probe concerning Porto
Nacional population.

The variations in NOR number and location in P. cuvieri probably resulted from
rearrangement events, such as translocations, inversions, transpositions, amplification of
single "orphan-like" rDNA genes, and reinsertional errors during the extra-chromosomal
amplification of ribosomal genes in oogenesis, that are frequently considered to be
responsible for such divergences in other anuran species (Wiley et al., 1989; King et al.,
1990; Foote et al., 1991; Schmid et al., 1995; Kaiser et al., 1996). This intra- and
interpopulational variation in NOR occurrence means that although NORs are useful
cytogenetic markers for P. cuvieri, it is impossible to draw definite conclusions regarding the

taxonomic status of the populations studied here.

4.2. Intraindividual variation in NOR occurrence
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Inter- and intrapopulational variations in NOR size are common in anurans (e.g.,
Lourengo et al., 1998; 2003; Silva et al., 1999; Wiley, 2003; Siqueira-Jr et al., 2004).
However, intraindividual variations in NOR detection are very rare in these amphibians, but
have been observed in P. cuvieri. Silva et al. (1999) reported intraindividual variation in the
Ag-NOR pattern in two individuals from Rio Claro (SP) and attributed this to differential
regulation in the expression of ribosomal genes. As shown here, specimens from Uberlandia
(MG) showed variations in the size of the NOR on pair 8 as detected by Ag-NOR staining
and FISH with an rDNA probe. Since FISH was able to detect these size variations, we
suggest that they reflect structural differences in this NOR instead of differential regulation of
its expression. Unequal sister chromatid exchanges are commony suggested as mechanisms
responsible for such amplifications/deletions in NORs (e.g. Motovali-Bashi et al., 2004) and
can account for the variation seen here.

FISH also revealed additional intraindividual variation at a site in chromosome 3 in
some metaphases of one individual. Although this site was never detected by Ag-NOR
staining, we cannot exclude the possibility that it could be an active NOR, even though it was

only detected sporadically by FISH.

4.3. Concluding remarks

The findings regarding the NOR pattern allowed the identification of some groups
among the populations of P. cuvieri studied to date. One of them includes the populations
from Urbano Santos (MA), Sao Pedro da Agua Branca (MA) e Cratets (CE), in the northeast
region of Brazil. On the other hand, the comparative analysis of the NOR and C-band patterns
showed that the karyotype of specimens from Porto Nacional (TO) greatly differed from
those found in all of the other populations already analyzed. All of these findings showed that
important interpopulational variation occurs in P. cuvieri and suggest that a taxonomic

revision of this species is necessary.
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Legends

Figure 1. Map of South America showing the study sites identified by dots and numbers.
The bold letters show the Brazilian states in which the samples were collected. BA = Bahia;
CE = Ceara; MA = Maranhio; MG = Minas Gerais; TO = Tocantins. 1 = Urbano Santos
(43.3°W, 43.3° S); 2 = Crateis (40.7° W, 5.3° S); 3 = Sdo Pedro da Agua Branca (48.25°
W, 5.16°S), 4 = Palmeiras (41.5°W, 12.7° S); 5 = Uberlandia (48.3° W, 19.1° S); 6 = Porto
Nacional (48.6° W, 10.4° S); 7 = Fachinal, Misiones (55° W, 27° S); Iguazd, Misiones (55°
W, 25° S) Andresito, Misiones (54° W, 25° S).

Figure 2. Metaphases of P. cuvieri from Urbano Santos (A), Crateis (CE) (B), Uberlandia
(MG) (C), Palmeiras (BA) (D) and Porto Nacional (TO) (E) stained by Giemsa. Bar=5 pum.

Figure 3. Metaphases of P. cuvieri from Urbano Santos (MA) (A), Crateis (CE) (B),
Uberlandia (MG) (C), Palmeiras (BA) (D) and Porto Nacional (TO) (E) after C-banding. The
arrow in A indicates the interstitial band adjacent to the secondary constriction of the NOR

(arrowhead) in pair 8. Bar=5 um.

Figure 4. Metaphases of the five specimens of P. cuvieri (A-E) from Argentina stained by

Giemsa. The insets show the NOR-bearing chromosomes after silver impregnation. Bar=5

wm.

Figure 5. NOR-bearing chromosomes from specimens of P. cuvieri from Urbano Santos-MA

(A-H) and Crateds-CE (I-L) after Ag-NOR staining. Bar=5 pm.

Figure 6. Karyotype of P. cuvieri from Urbano Santos (MA) after FISH with an rDNA
probe. The arrow indicates a small NOR near the centromere of one homologue of pair 9 and
the arrowhead indicates an interstitial small NOR in the other homologue of the same
chromosomal pair. Note the similarity to the NOR pattern shown in Figure 5G after silver

impregnation. Bar=5 pum.
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Figure 7. NOR-bearing pair 9 of P. cuvieri from Urbano Santos (MA) submitted sequentially
to C-banding and to the Ag-NOR method. Note that the same regions were detected by both

methods. Bar=5 pm.

Figure 8. A. Metaphase of specimen BC 92.14 of P. cuvieri from Sio Pedro da Agua Branca
(MA) after conventional Giemsa staining. The arrowheads indicate secondary constrictions
and the inset shows heteromorphic pairs 4 and 8 of specimen MNRJ 24255. B-C. Metaphase
of specimen MNRJ 24255 submitted sequentially to C-banding (B) and and Ag-NOR staining
(C). In B, the arrows indicate the C-bands adjacent (pair 8) or coincident (pair 9) with the
NORs. D. NOR-bearing chromosomes of specimen MNRJ 24261. Bar=5 um.

Figure 9. NOR-bearing chromosomes in different cells of the same specimen of P. cuvieri
from Uberlandia (MG) subjected to Ag-NOR staining (A) and FISH with an rDNA probe (B,
C). Variations in NOR size were detected by both techniques. C. The karyotype of ZUEC
13368 after FISH with an rDNA probe. Note the interesting mark in the short arm of one

chromosome of pair 3 and in only one of the homologues of pair 8. Bar=5 um.

Figure 10. Metaphases of P. cuvieri from Palmeiras (BA) after Ag-NOR staining (A) and
FISH with an rDNA probe (B). Bar=5 pm.

Figure 11. Metaphases of specimens from Porto Nacional (TO) after Ag-NOR staining (A,
C, E), FISH with an rDNA probe (B, D) and C-banding (F). The NORs were indicated by
arrows in A-E. The arrowheads point non-specific sites detected by Ag-NOR staining (A, C,
E) and FISH (B, C), found only in some metaphases. The metaphases in D, E and F were of
the same specimen. Note that the non-specific regions detected in A-E were also C-banded

(arrowheads in F). Bar=5 pm.
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Table 1. Localities of the collections, total number of specimens analyzed and the NOR
pattern in each P. cuvieri population. DB - Diego Baldo collection, MNRJ - National
Museum of Rio de Janeiro and ZUEC - Zoology Museum of the State University of
Campinas. int = interstitial; p = short arm; per = pericentromeric; q = long arm; ter =

terminal.

Localities Total number of specimens NOR locations Biome
7 & and 1 Q (ZUEC 13092-13095,

Urbano Santos (MA) 8qint 8qint/9qint9qint  Cerrado
13098, 13103, 13106, 11939)
7 & (MNRIJ 24255%, 24256, 24259,  7qint 7q int/ 8q int 8q int

Sao Pedro (MA) Amazonia
24261, 24266, BC 92.13, BC 92.14) /9q int 9q int *
4 3 and 1 Q (ZUEC 13079, 13081,

Cratetis (CE) 8qint 8qint/9qint9qint  Caatinga
13085, 13088, 13089)

Uberlandia (MG) 5 & (ZUEC 13366-13370) 8q int 8q int ** Cerrado

Palmeiras (BA) 4 3 and 1 Q (ZUEC 13670-13674) 8 q int 8q int Caatinga
8 4 (ZUEC 13374, 13376, 13378,

Porto Nacional (TO) See on the text Cerrado

Fachinal, Misiones

Iguazi, Misiones

Andresito, Misiones

13379, 13355-13357, 13359)

5 & (DB 3049, 5200, 3705, 4192,
5199)

23 and 1 (DB 4014, 4153, 5183)

13 (DB 3247)

11p ter 11 p ter **%*

11pter 11 ter ***

I1p ter 11p ter

Atlantic Rain Forest

Atlantic Rain Forest

Atlantic Rain Forest

* Except for MNRJ 24255 that did not have an NOR on chromosome 8.
** Except for some metaphases of ZUEC 13368 (see text).
#%%* Some specimens had additional NORs
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Abstract

The Physalaemus cuvieri group is widely geographically distributed and is currently the
second greatest group in the genus, with nine species included. Some of these species are
highly polymorphic and concomitantly several morphological characteristics are very
similar among them. Therefore it is very difficult to distinguish some species based
exclusively on morphologic data. Since the only karyotype analyzed in detail in this group
was that of P. cuvieri, in this paper we provide a cytogenetic analysis of P. albonotatus, P.
centralis, P. cuqui, and P. ephippifer by Giemsa staining, Ag-NOR impregnation, C-
banding and in situ hybridization with tDNA probe. Except for P. cuqui, all species
analysis included C-banded karyotype description. The interstitial C-band visualized in the
short arm of chromosome 5 in P. cuvieri was also detected in all the C-banded karyotypes
described here, although in P. albonotatus this chromosome were classified as chromosome
3. The localization of the NOR varied among the species and was very important to differ
them from each other and from P. cuvieri. In Physalaemus ephippifer an interesting
heteromorphism in NOR and heterochromatin occurrence between the homologues of pair
8 was exclusively found in females. This finding suggests that pair 8 could be sex
chromosomes, then characterizing the presence of the chromosomal system of sexual
determination ZZ 3/ ZW  in this species. However future studies must be conducted in

order to confirm this hypothesis.
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Introduction
Currently the genus Physalaemus (Anura, Leiuperidae) is composed by 41 species

2 (3 2 (13

(Frost, 2007) distributed in seven groups: “albifrons”, “cuvieri”, “deimaticus”, “gracilis”,
“henselii”, “olfersii” and ‘“‘signifer” (Nascimento et al., 2005). According to the recent
taxonomic revision of Nascimento et al. (2005), nine species are allocated in P. cuvieri
group and now it is the second greatest group of the genus. It comprises P. albonotatus, P.
centralis, P. cicada, P. cuqui, P. cuvieri, P. ephippifer, P. erikae, P. fischeri and P. kroyeri,
and is widely distributed in southern to northern South America, at the east of the Andes
from Argentina to Venezuela, in the open formations of Cerrado, Caatinga, Chaco and
Llanos Domains (Nascimento et al., 2005).

Some of the species in P. cuvieri group are sibling species and intraspecific
morphologic variations have been found in this group. Therefore it is very difficult to
recognize some of the species based exclusively on morphology. Misunderstandings
sometimes occur, for example, with regards to P. cuvieri, P. albonotatus and P. centralis
(Barrio et al., 1965).

Cytogenetic analyses have provided important data for taxonomic studies and
phylogenetic inferences (e.g.Vences et al., 2000, 2002; Becak and Kobashi, 2004). Some
Physalaemus species were already studied cytogenetically and showed similar karyotypes
with regards to chromosomal morphologies, but several interspecific and also intraspecific
variability were detected by silver staining and C-banding (Amaral et al., 2000; Silva et al.,
1999, 2000; Quinderé et al., manuscript in preparation). Among the nine species of P.
cuvieri group, three had their karyotypes described by conventional staining with Giemsa,
P. centralis (Denaro, 1972), P. cicada and P. kroyeri (De Lucca et al., 1974). Physalaemus
cuvieri is the only species that had a detailed cytogenetic caracterization (Silva et al., 1999,
Quinderé et al., manuscript in preparation). Therefore in the present study we provide
additional information regarding P. centralis karyotype and also a detailed cytogenetic
caracterization of P. albonotatus, P. cuqui and P. ephippifer, in order to help in the

caracterization of these species, frequently involved in taxonomic misunderstandings.
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Materials and Methods

Animals

Specimens of P. albonotatus, P. centralis, P. cuqui and P. ephippifer from different
localities of Brazil and Argentina were used (Table I). The specimens of P. centralis and P.
ephippifer were deposited in the Museu de Historia Natural, “Adao José Cardoso” (ZUEC)
Universidade Estadual de Campinas (Unicamp), Campinas, SP, Brazil, P. albonotatus
specimens from Brazil were deposited in the Museu da Universidade Federal do Mato
Grosso (UFMT), Cuiabd, MT, Brazil and P. cuqui and P. albonotatus specimens from
Argentina were deposited in the Diego Baldo (DB) collection in Museo de La Plata,

Buenos Aires, Argentina.

Chromosomal preparations

Metaphases were obtained from suspension of intestinal and testis cells from
animals treated with colchicine (2%) for at least 4 hours (Schmid, 1978; Schmid et al.,
1979). Chromosomes were stained conventionally with 10% Giemsa solution and
submitted to C-banding technique (King, 1980), Ag-NOR method (Howell & Black, 1980)
and fluorescence in situ hybridization (FISH) (Viegas-Péquinot, 1992) using the rDNA
probes HM 123 (Meunier-Rotival et al., 1979).

Results
All species had 22 chromosomes in the diploid complement and their karyotypes are

described below.

Physalaemus albonotatus
The chromosomes were classified as metacentric (1, 2, 3, 6, 9, 10 and 11) or

submetacentric (4, 5, 7 and 8) (Fig. 1A). Silver staining detected the NOR in the long arm
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of pair 8, adjacent to a C-band, and in both arms of pair 9, coincidently with C-banded
regions in the Brazilian population (Fig.3A). Heterochromatin was also interstitially
detected in pairs 2 and 3, in the telomeric regions of pairs 1 and 9, and in the centromeres
of all chromosomes (Fig. 2A).

In the Argentinian specimens one of the homologues of pair 9 did not show the

NOR in the short arm after silver staining (Fig.3B).

Physalaemus centralis

The chromosomes were classified as metacentric (1, 2, 5, 6, 9, 10 and 11) and
submetacentric (3, 4, 7 and 8) (Fig. 1B). A secondary constriction was detected at the
pericentromeric region of pair 9 and coincided with the NOR detected by silver
impregnation (Fig. 3C). Blocks of C-banded heterochromatin were detected interstitially in
pair 9, adjacent of the NOR region (Fig. 3C) and in pairs 2, 5, 8 and 9, in pericentromeric
region of pairs 3 and 10, and in all the centromeres. A size heteromorphism was detected
with regards to the interstitial band in pair 8 in three individuals (Fig. 2B), what responded
to the different morphology of the homologues of this pair (Figs 1B and 2B). In the
specimen ZUEC 13696, a heteromorphic pair 2 was observed, in which one of the

homologues showed a dark terminal and a faint interstitial C-band in the long arm (Fig.2B).

Physalaemus cuqui
The chromosomes were classified as metacentric (1, 2, 3, 6, 8, 9, 10 and 11) and
submetacentric (4, 5 and 7) (Fig. 1C). The NORs were located at the telomeric regions of

both arms of pair 8 and in the short arm of pair 9 (Fig. 3D).

Physalaemus ephippifer

The chromosome pairs 1, 2, 5, 6, 8,9, 10 and 11 were metacentric and pairs 3, 4 and
7 were submetacentric (Fig.1D). In seven of the eight males analyzed the NOR was
terminally located in 8q (Fig. 4B), while in the male ZUEC 13710 the long arm of pair 8
chromosomes showed a smaller NOR, apparently in a more interstitial region. Also in this

male, an additional NOR was found terminally in the long arm of one homologue 9 (Fig.
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5). Meiotic chromosomes of this male after in situ hybridization with rDNA probe showed
a bivalent with two NOR sites and another with just one large NOR (Fig. 5B).

The 14 females analyzed showed the NOR at the eighth pair but always in a
heteromorphic condition. One homologue 8 (morph 8a) had the NOR terminally located in
the long arm, as the chromosome 8 of males, whereas the other homologue 8 (morph 8b)
had NOR sites in both chromosome arms, coincidently with faint C-bands (Figs. 4A and
4B). FISH technique with rDNA probe marked the same regions detected by silver staining
(Fig.4C). The morph 8 exclusively found in females had also pericentromeric C-bands not
detectable in its homologue, that in its turn showed an interstitial C-band in its short arm
(Fig. 20).

Besides the C-bands mentioned above, centromeric heterochromatin was detected in
all of the chromosomes and non-centromeric heterochromatic blocks were found
interstitially regions in 5p and near the centromere in the short arm of chromosomes 3, 6, 7

and 10, and in the long arm of chromosome pair 9 (Fig. 2C).

Discussion

Interspecific relationships

In general, the species of the genus Physalaemus exhibit very similar chromosome
morphologies (see Begak et al., 1970; Denaro et al., 1972; De Lucca et al., 1974; Amaral et
al., 2000; Silva et al., 1999, 2000). However, the karyotypes of P. albonotatus and P.cuqui
showed the most different arrangement of pairs 3-5 when compared with the other species.
Considering the species analyzed here, chromosome pairs 3-5 of P. albonotatus and P.
cuqui can be considered homeologous respectively to pairs 5, 3 and 4 of the remaining
karyotypes.

An interesting feature shared by all the C-banded karyotypes analyzed here and also
by P. cuvieri karyotype (Silva et al., 1999; Quinderé et al., manuscript in preparation) was
one interstitial heterochromatic block of the short arm of a medium sized metacentric

chromosome identified as 3 in P. albonotatus and 5 in the remaining C-banded species.
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This band was not detected in other species groups of Physalaemus (Amaral et al., 2000;
Silva et al., 2000), therefore it could be a cytogenetic marker for P. cuveri group.

A small pericentromeric C-band of the short arm of pair 3 found in P. cuvieri
(Quinderé et al, manuscript in preparation) was also detectable in P. centralis, P.
ephippifer, and in the homeologous pair 5 of P. albonotatus. Although in P. ephippifer it
was easily seen, this band was not as bigger as that found in P. biligonigerus and P.
marmoratus (Amaral et al., 2000), currently allocated in P. albifrons group. In addition it is
interesting to note that a large C-band was also present in chromosome 3 of Eupemphix
nattereri (Lourenco et al., 2006), previously included in Physalaemus biligonigerus group
by Lynch (1970) together with P. biligonigerus and P. marmoratus. Since a phylogenetic
study of the genera Physalaemus and Eupemphix is not yet available, it is difficult to access
the evolutionary origin and divergence of this heterochromatic block.

C-banding technique was also able to detect an interstitial C-band near the
centromere in the long arm of chromosome 2 in P. centralis and P. albonotatus, not found
in the other C-banded karyotypes of P. cuvieri group, i. e. P. cuvieri (Quinderé et al.,
manuscript in preparation) and P. ephippifer.

Although there are similarities in chromosome morphologies among the species of
P. cuvieri group, what allow interspecific comparisons, pairs 8 and 9 greatly differ. It
probably arose from the distinct locations of the NOR in these karyotypes, since these
rDNA genes occupy different sites in pairs 8 and/or 9 in these species. Such a variation
prevents a proper recognition of interspecific chromosome homeologies and consequently
the rearrangements that involved the NOR during the differentiation of the species. Even
though, the pattern of NOR occurrence can help in distinguishing the species in P. cuvieri
group cytogenetically analyzed to date (present data; Silva et al., 1999, Quinderé et al.,
manuscript in preparation). However it is interesting to note that NOR-bearing pair 8 of P.
albonotatus and of P. cuvieri (Silva et al., 1999, Quinderé et al., manuscript in preparation)

are very similar and probably homeologous.
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Heteromorphism in Physalaemus ephippifer

All the fourteen females of P. ephippifer analyzed showed a heteromorphic pair 8
regarding the NOR occurrence and also C-band distribution. Such characteristic was not
found in the eight males analyzed, in which NOR-bearing pair 8 was homomorphic. These
findings suggest that this chromosome pair can be related to sex determination, then
characterizing the presence of the chromosomal system of sexual determination ZZJ3/ ZW
Q in P. ephippifer.

Several of the heteromorphic sex chromosomes described in Anura show
heteromorphism in size and morphology of the homologues and/or differential presence of
heterochromatin (see Schmid et al., 1991, for references; Cuevas and Formas, 1996;
Schmid et al., 2002, Green, 2002). However, in some cases the NOR was the only
distinctive marker between sex chromosomes (Schmid et al., 1993; Schmid and Steinlein,
2001) and in other the sex chromosomes can only be distinguished by differential
replication patterns (Schempp and Schmid, 1981). Anyway, heteromorphic sex
chromosomes are rarely found in Anura and different chromosomal systems of sex
determination are present in this group (see review by Schmid et al., 1991 and Schmid and
Steinlein, 2001).

If pair 8 of P. ephippifer really constitutes another example of heteromorphic sex
chromosomes, its differentiation can be deduced as a recent evolutive event, since sex
chromosomes could not be recognized in other species of Physalaemus (Silva et al., 1999,
2000; Amaral et al., 2000). However, we do not get rid of the possibility that such
heteromorphism constitutes an intraspecific variation exclusively found in females, but not
related to sex determination. Future analyses with a larger sample are necessary to a proper

interpretation of these data.
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Legends

Figure 1. Giemsa-stained karyotypes of P. albonotatus from Argentina (A), P. centralis (B),
P. cugui (C) and a female of P.ephippifer (D). Arrows point the NOR secondary

constrictions. Bar=5um.

Figure 2. C-banded karyotypes of P. albonotatus from Brazil (A), P. centralis (B) and a
female of P. ephippifer. The insets in B show a heteromorphic pair 2 and a homomorphic pair

8. Bar=5um.

Figure 3. NOR-bearing chromosome of P. albonotatus from Brazil (A), P. albonotatus from
Argentina (B), P. centralis (C) and P. cuqui (D) submitted sequencially to C-banding and to
silver staining (A and C) or after silver staining (B and D). Note the C-band adjacent to the
NOR in pair 8 and that coincident with the NOR in pair 9 in P. albonotatus (A), and the C-
bands adjacent to the NOR in pair 9 of P. centralis (C). Bar=5um.

Figure 4. Pair 8 of one female (A) and one male (B) of P. ephippifer after Giemsa staining,
C-banding and silver staining. In C, a metaphase from a female of P. ephippifer afer in situ

hybridization with rDNA probe. Bar=5um.

Figure 5. Mitotic metaphase after silver staining (A) and meiotic bivalents hybridized with
rDNA probe (B) of one male (ZUEC 13710) of P. ephippifer. Note the additional NOR in
one homologue of pair 9 besides the NOR-bearing pair 8. Bar=5um.



Table I. Locality and number of specimens analyzed and NOR pattern in each population. Collection number of the voucher
specimens are shown. Abbreviations: BC: Departamento de Biologia Celular da Unicamp, Campinas, SP, Brazil; DB: Diego
Baldo collection, deposited in Museo De La Plata in Buenos Aires, Argentina; MNRJ: Museu Nacional do Rio de Janeiro, RJ,
Brazil;, UFMT:Universidade Federal do Mato Grosso, MT, Brazil; ZUEC: Museu de Histéria Natural, Universidade Estadual de
Campinas, Campinas, SP, Brazil.

Species Locality Specimens NOR locations
' Palestina (SP) 5 & (ZUEC 13689, 13690, 13692,  9qint 9q int
P. centralis 13694, 13696)

Porto Nacional (TO) 3 & (ZUEC 13373, 13375, 13380)  9q int 9q int

8 &' (ZUEC 13703, 13708-13710,

*
13733,13738-13740) d 8q ter 8q ter

P. ephippifer Belém (PA) 14 Q (ZUEC 13704-13707, 13711, 0 8pq ter 8pq ter
13728-13732, 13735-13737, 13741) T °P4teropd
7 & (UFMT 4462, 4466, 4467, 8q int 8q int 9pq int 9pq int
Cérceres (MT) 4469-4472) and 19 (UFMT 4465)
.. . 2 & (DB 3466, 3472)and 1 @ (DB 8q int 8q int 9pq int 9q int
P. albonotatus Misiones (Argentina) 3072) ? d q P4 d
Corrientes (Argentina) }12(2 4()DB 4236) and 2 @ (DB4223,  8q int 8q int 9pq int 9q int
P. cuqui Salta (Argentina) 1 juvenile (DB 4973) and 1 & (DB 8pq ter 8pq int 9p ter 9p ter
4803)

* One male of P. ephippifer (ZUEC 13710) showed additional NOR in 9q int.
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Resumo
Dentro do género Physalaemus muitas espécies sdo consideradas morfologicamente
polimérficas e muitas sao confundidas taxonomicamente, como ocorre com as espécies do
grupo de Physalaemus albifrons. Até recentemente a espécie P. albifrons era considerada
pertencente ao grupo "cuvieri”, no entanto atualmente estd alocada no grupo "albifrons"
juntamente com P. biligonigerus, P. marmoratus e P. santafecinus. Na literatura, uma
detalhada descricdo cariotipica estd disponivel apenas para P. biligonigerus e P.
marmoratus, enquanto o cariétipo de P. albifrons esta descrito apenas com base em
metdfases coradas com Giemsa e o caridtipo de P. santafecinus permanece desconhecido.
No presente trabalho complementamos a descri¢do do cariétipo de P. albifrons com dados
relativos a localizacdo da NOR e descrevemos pela primeira vez o caridtipo de P.
santafecinus. Morfologicamente o caridtipo de P. santafecinus € muito semelhante ao de P.
marmoratus e, em especial, ao de P. biligonigerus. No entanto P. santafecinus
aparentemente diferiu dessas espécies em relacdo a localizacdo da NOR, que ocupa o par 9
em P. biligonigerus e P. marmoratus € o par 11 em P. santafecinus. Porém, como esses
pares sdo morfologicamente muito semelhantes, ndo se descarta a possibilidade de serem
homedlogos. O cariétipo de Physalaemus albifrons se assemelhou morfologicamente mais
aos de espécies do grupo “cuvieri” do que aos caridtipos de P. biligonigerus, P.
marmoratus € P. santafecinus, ja que o brago curto do par 3 de P. albifrons é relativamente
menor do que o do cromossomo 3 dessas trés espécies. Quanto a localizacdo da NOR, o
cariotipo de P. albifrons se assemelha ao encontrado em algumas populacdes de P. cuvieri,
J& que o par cromossomico 8 portador de NOR em P. albifrons é muito semelhante ao par 8

portador de NOR nessas populagdes de P. cuvieri.



Introducao

A familia Leiuperidae comporta atualmente sete géneros, Edalorhina, Engystomops,
Eupemphix, Pleurodema, Pseudopaludicula, Sumuncuria e Physalaemus. Este tltimo € o
maior da familia, com 41 espécies descritas (Frost, 2007) distribuidas em sete grupos
(Nascimento et al., 2005). Segundo a recente revisio taxondmica realizada por Nascimento
et al. (2005), o grupo de Physalaemus cuvieri deixa de alocar 20 espécies antes atribuidas a
ele (Lynch, 1970). Dentre elas, encontra-se P. albifrons, que passa a compor O grupo
“albifrons” juntamente com P. biligonigerus, P. marmoratus (referido em alguns trabalhos
como P. fuscomaculatus — ver Nascimento et al., 2006) e P. santafecinus, espécies antes
alocadas no grupo “biligonigerus” junto com Eupemphix nattereri.

Uma caracteristica bastante importante das espécies do grupo de P. albifrons é que
todas sdo morfologicamente muito semelhantes a P. biligonigerus e, por 1isso,
freqiientemente confundidas (Cei, 1990; para outras referéncias ver Frost, 2007). Portanto,
andlises de dados de outras naturezas s@o essenciais para um melhor entendimento desse
grupo.

Os caridtipos de P. marmoratus [espécie referida por Amaral et al. (2000) como P.
fuscomaculatus] e de P.biligonigerus (Amaral et al., 2000, Silva et al., 2000) ja foram
detalhadamente caracterizados, enquanto para P. albifrons apenas o ndimero e a morfologia
dos cromossomos ja foram descritos (Denaro et al., 1972). Provavelmente devido a
dificuldades na identificacdo taxonOmica dessas espécies, uma discordancia podde ser
notada em relacdo a descricido cariotipica de P. albifrons. A mesma metifase mitética
utilizada por Denaro et al. (1972) nessa descricao havia sido anteriormente apresentada por
Becak et al. (1970) como pertencente a P. fuscomaculatus, espécie hoje conhecida por P.
marmoratus. Com base na posterior andlise de P. marmoratus, Amaral et al. (2000)
sugeriram que a metafase em questdo fosse de P. albifrons, ja que diferencas quanto a
morfologia cromossdmica puderam ser notadas entre esse cariétipo e o de P. marmoratus.
Ainda nesse trabalho, Amaral et al. (2000) descreveram diferencas citogenéticas em relagao
a uma banda heterocromadtica no braco curto do par cromossomico 3 entre P. marmoratus e

P. biligonigerus, embora seus cariétipos sejam muito semelhantes.



Com o intuito de ampliar a anélise citogenética das espécies do grupo “albifrons”,
no presente trabalho complementamos a descri¢do caridtipica de P. albifrons, fornecendo
dados sobre a localizacdo da NOR (regido organizadora nucleolar) e descrevemos pela

primeira vez o caridtipo de P. santafecinus.

Material e métodos

Animais

Oito espécimes de Physalaemus albifrons foram coletados em Barreirinhas (MA),
com autorizacdo do Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovéveis (IBAMA) (Proc. No. 02010.002895/03-84). Depois de fixados, os exemplares
foram depositados no Museu Nacional do Rio de Janeiro (MNRJ) da Universidade Federal
do Rio de Janeiro (UFRIJ), Rio de Janeiro, RJ, Brasil, sob os nimeros MNRJ 24224, 24227
(Unica fémea), 24228, 24230, 24232, e no Museu de Histéria Natural “Adédo José Cardoso”
(ZUEC) da Universidade Estadual de Campinas (Unicamp), Campinas, SP, Brasil, sob os
nimeros ZUEC 12361-12363.

Seis espécimes Physalaemus santafecinus foram coletados em Corrientes na
Argentina e depositados na colecdo “Diego Baldo” (DB) no Museu De La Plata em Buenos
Aires na Argentina. Os numeros de registro desses individuos sdao DB 2776, 4309, 4331
(dnica fémea), 5317-5319.

Preparacoes cromossdomicas

As metéfases foram obtidas a partir de suspensdo de células do epitélio intestinal e
de testiculos ap6s tratamento dos espécimes com colchicina (2%) por pelo menos 4 horas
(Schmid, 1978; Schmid et al., 1979). As preparacdes cromossOmicas foram coradas com
solucdo de Giemsa 10%, submetidas ao método Ag-NOR (Howell & Black, 1980) e a

hibridacdo in situ fluorescente (FISH) (Viegas-Péquinot, 1992), utilizando como sonda o
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plasmideo recombinante HM 123, portador de uma fragdo do gene ribossomal 45S de

Xenopus laevis (Meunier-Rotival et al., 1979).

Resultados

O caridtipo de Physalaemus albifrons e o de P. santafecinus apresentam 22
cromossomos classificados em metacéntricos (1, 2, 5, 6,9, 10, 11) e submetacéntricos (3, 4,
7, 8) (Fig 1). As NORs foram detectadas pelo método de impregnagdo por prata (Ag-NOR)
no brago longo do par 8 em P. albifrons, e no braco longo do par 11 em P. santafecinus.
Em ambos os casos essas regides foram visualizadas como constricdes secunddrias em
metafases coradas com Giemsa (Fig. 1). No caso de P. albifrons, as NORs foram também
evidenciadas pela técnica de hibridagdo in situ com sonda de rDNA (Fig 2). Em trés
espécimes de P. albifrons, a NOR mostrou-se heteromorfica em relacdo ao tamanho (Fig.

I-em destaque e Fig. 2).

Discussao

O caridtipo de P. santafecinus, € muito semelhante ao de duas outras espécies do
grupo “albifrons”, P. biligonigerus e P. marmotatus. Devido a presenca de um par
cromossomico 3 metacéntrico, os caridtipos de P. santafecinus e P. biligonigerus sao mais
semelhantes entre si do que com o de P. marmoratus [referida por Amaral et al. (2000) e
Silva et al. (2000) como P. fuscomaculatus], em que os cromossomos do par 3 sdo
submetacéntricos. Embora em P. santafecinus o par 11 seja o portador da NOR, este é
muito semelhante ao par 9 portador da NOR em P. biligonigerus e P. marmoratus (Amaral
et al., 2000), tanto em relagdo a morfologia cromossdmica quanto a localizagdo da NOR.
Porém, para uma melhor andlise da possivel homeologia desses cromossomos serd
necessdria uma caracterizacio mais minuciosa utilizando outras técnicas citogenéticas,
como, por exemplo, bandamento C.

O caridtipo de P. albifrons aqui descrito é muito semelhante ao apresentado por
Denaro (1972) para essa espécie e difere do caridtipo de P. marmoratus, que apresentou o

brago curto do par 3 relativamente maior do que o apresentado por P. albifrons. No entanto,

o caridtipo aqui apresentado para P. albifrons difere do descrito por Denaro (1972) quanto
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a localizacdo da constricio secunddria. Enquanto Denaro (1972) aponta constri¢des
secunddrias nos pares 2 e 11, nos espécimes de P. albifrons aqui analisados a constri¢ao
secunddria correspondente 2 NOR ocorreu no par 8. Porém, ndo se descarta a hipétese de
que esses pares 11 e 8 sejam na realidade homedlogos e que estejam ordenados de maneira
diferente nos dois trabalhos, uma vez que esses cromossomos t€ém a mesma morfologia e
sdo portadores da constricao secunddria na mesma regido do brago longo.

Com excecdo do par 3, o caridtipo de P. albifrons é muito semelhante
morfologicamente aos caridtipos das demais espécies de seu grupo, isto é, P. biligonigerus,
P. marmoratus e P. santafecinus, embora haja uma discordancia na ordenacao dos pares 4 e
5 dentre essas espécies. O caridtipo de P. albifrons também se assemelhou muito
morfologicamente aos cariotipos descritos para espécies do grupo de P. cuvieri (Silva et al.,
1999; Quinderé et al., manuscrito em preparacdo), que antes alocava P. albifrons (ver
Nascimento et al., 2005), inclusive em relagdo ao par 3 (nos cariétipos de P. albonotatus e
P. cuqui o par cromossdmico homeodlogo a este € classificado como 5 — Quinderé et al.,
manuscrito em preparacio). E também interessante notar que o par cromossdmico 8
portador de NOR em P. albifrons é muito semelhante ao par 8 portador de NOR em
algumas populacdes de P. cuvieri (Silva et al., 1999; Quinderé et al., manuscrito em
preparacdo), o que reforca a semelhanca entre esses caridtipos. Portanto, os dados
cariotipicos disponiveis até 0 momento ndo permitem a detec¢do de marcadores exclusivos
do grupo de P. albifrons. Embora uma melhor caracterizacdo dos cromossomos dessa
espécie seja necessdria para uma comparagdo interespecifica mais aprofundada, é possivel
que esses dados sejam indicios de uma maior proximidade filogenética de P. albifrons com
o grupo de P. cuvieri do que com as demais espécies atualmente alocadas no grupo

“albifrons”.
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Legendas

Figura 1. A. Cariétipo de Physalaemus albifrons corado com Giemsa. Em destaque, o par 8
portador da NOR submetido a impregnacdo por prata. B. Cromossomos de P. santafecinus
corados com Giemsa. Em destaque, o par de cromossomos 11 submetido a impregnagdo por
prata. Bar = S5um

Fiigura 2. Metafase mitética de P. albifrons submetida a técnica de hibridacdo in situ com

sonda de rDNA. Note o heteromorfismo de tamanho da NOR no par 8. Bar = Sum
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VII. CONCLUSOES

1. Nao houve variagdes no numero cromossdomico diploide encontrado nas populagdes de
Physalaemus cuvieri estudadas. No entanto, essa espécie mostrou-se altamente polimorfica
em relagdo a ocorréncia de regides organizadoras nucleolares (NORs), exibindo variacdes
inter e intrapopulacionais que dificultaram, inclusive, a andlise de homeologias

cromossOmicas entre as populacdes.

2 - A ocorréncia de NOR no par cromossomico 9 permitiu agrupar as populacdes de P.
cuvieri do nordeste do Brasil, Crateis-CE, Urbano Santos-MA e Sao Pedro da Agua
Branca-MA, ja que essa caracteristica foi exclusivamente encontrada em todos os
espécimes dessas populagdes. No entanto, os espécimes de Sdo Pedro da Agua Branca-MA
diferem daqueles das demais populacdes nordestinas por apresentarem NOR também no

par cromossdmico 7.

3 — A NOR localizada na regido terminal do braco do cromossomo 11 foi exclusivamente
encontrada em populacdes do sul e do sudeste do Brasil, analisadas anteriormente, e nas
populacdes provenientes da Argentina analisadas no presente trabalho. Tal observacao pode
refletir a proximidade geografica dessas populagdes, j4 que tal NOR (11p ter) ndo foi

encontrada em nenhuma outra populacio brasileira aqui analisada.

4 - Variacdo intraindividual em relagdo a NOR foi observada apenas na populagdo de
Uberlandia (MG) e interpretada como alteracOes estruturais envolvendo as NORs e ndo
atribuida a expressdo diferencial de NORs, ja que essa variag@o foi também observada na

analise de metafases submetidas a técnica de FISH com sonda de DNAr.

5 - Todas as populacdes de P. cuvieri sdo bastante semelhantes em relacdo a morfologia dos
cariotipos. No entanto, tanto em relacdo ao padrio da NOR quanto a distribuicdo da

heterocromatina evidenciada pelo bandamento C, a populagdo de Porto Nacional (TO) € a
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que mais difere das outras estudadas. Nessa populacdo, os pares cromossdomicos 1, 3,4 e 10

sdo portadores de NORs em regides proximais ao centromero.

6 - A banda encontrada na regido intersticial no brago curto do par 5 (homedlogo ao par 3
do cariétipo das espécies de P. albonotatus e P. cuqui) pode indicar uma banda marcadora

para o grupo “cuvieri”, portanto muito conservada nessas espécies.

7 - As NORs consistiram importantes marcadores para a andlise das espécies do grupo
e ey o . N o
cuvieri” visto que variacOes interespecificas foram notadas em relacdo a localizacdo das

NOR, permitindo diferencié-las.

8 - No cariétipo de P. ephippifer foi possivel notar a presenca de um par cromossomico
heteromorfico em relac@o a presenca de NORs e de bandas heterocromadticas em todas as
fémeas analisadas. Tal observagdo sugere a presenga de cromossomos sexuais, hipétese que

deve ser investigada futuramente.

9 — O caridtipo de P. albifrons apresentou mais semelhangas com o de algumas
espécies do grupo “cuvieri” do que com os cariétipos de P. biligonigerus, P. marmoratus e
P. santafecinus, hoje alocadas no mesmo grupo de P. albifrons. Tais semelhancas referem-
se a morfologia do par cromosssomico 3 e a presenca de um par cromossdmico 8 portador
de NOR. Tendo em vista que P. albifrons era antes alocado no grupo “cuvieri”’ e que nao ha
nenhuma proposta de relacionamento filogenético para as espécies desse género, tais
semelhangas podem indicar uma maior proximidade de P. albifrons com as espécies P.
biligonigerus, P. marmoratus e P. santafecinus, antes alocadas no mesmo grupo de P.

albifrons (grupo “biligonigerus”) e essa hipdtese deve ser melhor investigada.
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