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Introduction

The family Characidae, order Characiformes, is one of the
most numerous and diverse families of freshwater fishes in
South America (Nelson, 2006), consisting of approximately
597 recognized species (Buckup et al., 2007). The genus
Astyanax, a speciose group of Neotropical characids,
comprises about 86 valid species (Lima et al., 2003) that occur
in diverse habitats within freshwater drainages from the
southern United States to central Argentina.

According to Mirande (2009), the nominal species
currently assigned to Astyanax represent a non-
monophyletic assemblage. Consequently, cytogenetic
studies have been valuable for better systematic analysis
of Astyanax, especially for species that need more than
morphological criteria for their characterization. An example
is Astyanax scabripinnis, which was first characterized as
a “species complex” by Moreira-Filho & Bertollo (1991)
based on chromosomal and morphological characters. It
currently contains 15 valid species (Bertaco & Lucena,
2006).

Astyanax bockmanni is broadly distributed in tributaries
from the upper Paraná River system of central, southeastern,
and southern Brazil (Vari & Castro, 2007). According to
these authors, even though the lack of a comprehensive
treatment of the Astyanax species complicates the diagnosis
of A. bockmanni from all congeners, this species can be
distinguished from its congeners by a combination of
diagnostic characters that allow the elimination of A. bockmanni
from the complex “A. scabripinnis” (Eigenmann, 1921;
Bertaco & Lucena, 2006).

Several species of the genus Astyanax have already been
studied genetically, primarily cytogenetically (e.g., Moreira-
Filho & Bertollo, 1991; Artoni et al., 2006; Hashimoto et al.,
2008; Vicari et al., 2008a). The first cytogenetic study of A.
bockmanni was carried out by Kavalco et al. (2009) who
described the karyotypes of two populations originating from
the Paranapanema River basin. The karyotype of this species
differs from other Astyanax species such as A. scabripinnis
and A. fasciatus for which intensive chromosomal
polymorphism was reported (Moreira-Filho & Bertollo, 1991;
Abel et al., 2006; Artoni et al., 2006).
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In the present paper, karyotypes and other chromosomal
characteristics of specimens from two populations of Astyanax
bockmanni from the same hydrographic basin (Barra Seca
Stream and Campo Novo River) were studied to characterize
the variations in heterochromatin revealed by C-banding and
the phenotypes of the nucleolus organizer region (NOR)
revealed by Ag-staining.

Material and Methods

Two Astyanax bockmanni populations were examined:
12 specimens (5 females and 7 males) collected from the
Campo Novo River and 13 specimens (4 females, 3 males
and 6 sex undefined individuals) from the Barra Seca
Stream. Both sources belong to the Tietê River basin, São
Paulo State, Brazil. The fishes were identified according to
Vari & Castro (2007), and the voucher specimens were
stored in the fish collection from the Laboratório de
Genética de Peixes, UNESP, Bauru, SP, Brazil.

Chromosomal preparations were obtained from gill and
kidney tissues using the technique described by Foresti et
al. (1993). Silver staining followed the technique of Howell &
Black (1980), and C-banding was performed according to
Sumner (1972). Chromosomal morphology was determined by
arm ratio as proposed by Levan et al. (1964), and the
chromosomes were classified as metacentric (m),
submetacentric (sm), subtelocentric (st), and acrocentric (a).

Results

The same diploid chromosome number, 2n = 50, was found
for specimens examined from both populations. The
karyotypes of specimens from the Barra Seca Stream and the
Campo Novo River populations were composed of
6m+14sm+14st+16a chromosomes, with a fundamental
number (FN) of 84 (Fig. 1). Moreover, a pericentric inversion
for the chromosomal pair No. 20 was detected in one individual
from the Barra Seca Stream and was confirmed by C-banding
(Fig. 2). No karyotype difference related to sex, and no B
chromosomes were observed.

Constitutive heterochromatin patterns revealed by C-
banding showed heterochromatic blocks in the pericentromeric
regions of most chromosomes and bands in the terminal
regions of some chromosomes. Among the individuals of both
populations, these positive terminal signals showed a high
frequency of polymorphism (Fig. 3).

The Ag-impregnation revealed a high inter- and intra-
individual variability for the NOR phenotypes in karyotypes
of individuals from both populations, ranging from 1 to 8
terminal Ag-positive sites in several chromosomes. These
polymorphisms were not only related to the number but
also to the location of ribosomal cistrons because these
sites were distributed on the long or short arm of several
chromosomes. Sequential Ag-NOR staining and C-
banding demonstrated that some NORs were C-band
positive (Fig. 4).

Discussion

The diploid chromosome number of 2n = 50 described in
the present study is in accordance with data previously
reported for other populations of Astyanax bockmanni
(Kavalco et al., 2009). Therefore, our results indicate a stable
2n for A. bockmanni in contrast to the species complexes A.
fasciatus and A. scabripinnis that show variable diploid
chromosome numbers in different individuals, some of which
live in sympatry (Moreira-Filho & Bertollo, 1991; Artoni et
al., 2006).

Except for the invariable 2n, the karyotypes of specimens
from the populations we studied and those analyzed by
Kavalco et al. (2009) showed few differences. These
differences were primarily in the number of m, sm and st
chromosomes. Such divergence can be responsible for the
allopatric differentiation that occurs in some Astyanax
species restricted to small tributaries and streams (Vicari et
al., 2008b), and probably is due to the occurrence of non-
Robertsonian chromosomal rearrangements such as
centromeric shifts (Fig. 2), or extensive heterochromatin
polymorphism, or both (Fig. 3).

Fig. 1. Karyotypes of Astyanax bockmanni arranged from
Giemsa-stained chromosomes. Specimens from Barra Seca
Stream (2n = 50) (a) and Campo Novo River (2n = 50) (b).
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Chromosome rearrangements due to inversions have been
described in some fish groups (Centofante et al., 2002; Jorge
& Moreira-Filho, 2004), with some cases involving the NOR-
bearing chromosomes (Porto-Foresti et al., 2004; Mariotto et
al., 2009). Based on experimental crosses of farmed stocks of
the salmonid Oncorhynchus mykiss, Porto-Foresti et al. (2004)

suggested that a particular combination of chromosomes with
inversions might be lethal in rainbow trout. For natural
populations of neotropical fish, there are few descriptions of
the biological effects related to this kind of chromosome
polymorphism. A pericentric inversion of the first karyotype
pair was detected in Serrasalmus spilopleura but without
the structural homozygote (Centofante et al., 2002). Although
this may be due to a sampling bias, such a situation seems to
be comparable to our results where the homozygotes for the
chromosomes with inversions were not found, suggesting
that homozygosity might be a lethal genotype similar to the
situation in O. mykiss (Porto-Foresti et al., 2004). Moreover,
according to Mariotto et al. (2009), in the species Ancistrus
cuiabae it would be possible to correlate differential fitness
with distinct frequencies of cytotypes bearing chromosome
inversions.

The distribution of constitutive heterochromatin patterns
observed in the present study was similar to those described
for karyotypes of different A. scabripinnis populations (Souza
et al., 1996; Mantovani et al., 2000), with considerable
heterochromatin variability on the distal regions of several
chromosomes. These heterochromatic regions demonstrated
a great inter-individual polymorphism, in contrast to the
specimens studied by Kavalco et al. (2009) that did not
possess such patterns.

Currently, several hypotheses have been proposed to
explain the extensive polymorphism in the heterochromatin
distribution in A. scabripinnis chromosomes, and our data
corroborate some of them. Souza et al. (1996) suggested that
the model proposed by Schweizer & Loidl (1987), specifically
the linear orientation of the anaphase opposite pole-directed
centromeres during mitotic interphase, would permit
heterochromatin transfers among sites equidistant from the
centromeres of non-homologous chromosomes. According to
Mantovani et al. (2000), heterochromatinization of euchromatic
regions (King, 1980), unequal crossing-over (Smith, 1976), or
amplification, accumulation and deletion (John, 1988), can also

Fig. 2. (a) Karyotype arranged from Giemsa-stained chromosomes
of an individual from the Barra Seca Stream, showing a pericentric
inversion for the chromosomal pair No. 20. (b) C- banded
metaphase indicating the chromosomes of pair No. 20. (c)
Schematic representation showing the pericentric inversion.

Fig. 3. Inter-individual polymorphisms of the heterochromatic blocks in Astyanax bockmanni from the Campo Novo River
population. Each letter (a-d) represents a single individual.
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be responsible for the high polymorphism in heterochromatin.
Moreover, we cannot disregard the possible mechanism of
genome invasion by transposable elements (Tafalla et al., 2006;
Slotkin & Martienssen, 2007).

Great variation in heterochromatic regions in the genomes
of other Astyanax species has also been reported, and
different groups have been revealed by the composition or
structural organization of these regions (Souza et al., 1996;
Mantovani et al., 2004; Abel et al., 2006). In some cases, such
as A. janeiroensis and A. scabripinnis, there is still
heterochromatin/rDNA (ribosomal DNA) association

(Mestriner et al., 2000; Vicari et al., 2008a). In these studies, a
satellite DNA (As51) isolated from A scabripinnis (Mestriner
et al., 2000) was used as the probe for in situ hybridization
(FISH) to analyze the different heterochromatin classes in
these species and NOR silencing in A. janeiroensis.

On the other hand, in A. bockmanni a different situation
was reported (Kavalco et al., 2009). According to the authors,
in FISH experiments the As51 satellite DNA probe did not
hybridize to any genome region of this species. However, the
absence of As51 satellite DNA in the genome of those
individuals can be explained by the lack of major

Fig. 4. Sequential C-banding (a1 and b1) and Ag-NOR staining (a2 and b2) in a specimen from the Campo Novo River, demonstrating
the association between heterochromatin and NOR. In (a2) and (b2), arrows indicate the presence of heterochromatin/NOR
association, and arrowheads show NORs not associated with heterochromatin.
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heterochromatic regions. Therefore, the analyses of other
populations, using FISH with the As51 probe, will be necessary
for better conclusions. In some populations with individuals
showing a high degree of polymorphism of heterochromatin,
as in the present study, the As51 DNA might hybridize to the
genome of some of the specimens. Such a situation is found
for the complex A. scabripinnis, which reveals populations
with individuals bearing the As51 repetitive DNA on the
chromosomes, as well as populations without the As51 satellite
and major heterochromatic blocks (Abel et al., 2006).

Two structural classes of differently organized NORs were
observed in the genomes of A. bockmanni individuals. Some
active NORs were arranged in heterochromatic regions and some
were not associated with heterochromatin (Fig. 4); apparently
neither showed interference or divergence in their expression.

The NOR polymorphism observed in karyotypes of
specimens from both populations has been a common
characteristic among several Astyanax species (Ferro et al.,
2001; Vicari et al., 2008a; Kavalco et al., 2009). This variation
should be related to the NOR expression because the silver
nitrate detects only active NORs (Howell, 1977; Jordan, 1987).
The inter-individual polymorphism can also be explained by
simple translocation events or, according to Schweizer & Loidl
(1987), by terminal regions exchanging genetic material due
to their proximity within the interphase nucleus, promoted by
chromosome ordering according to Rabl’s model.

In conclusion, our data revealed a high degree of
chromosome polymorphism in A. bockmanni. The populations
from the Tietê River basin might be a good model to use for
analyzing karyotype differentiation in this species. However, it
is not possible to infer that karyotype variations of these
populations have a direct relation to a speciation process or
that this group constitutes a species complex. Despite our
data indicating a chromosomal similarity to the species
complex “A. scabripinnis”, this latter group is very well
studied and represents a taxon with historical inertia. In
contrast, A. bockmanni was only recently described and may
represent a truly valid taxon, with some degree of karyotype
variation. This uncertainty shows that extensive studies of
other populations are needed to better understand the
karyotype diversification of this group.
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