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Introduction
Hypostomus, a genus of Loricariidae, is one of the most
diversiﬁed and widely distributed genera among ﬁshes of
South America (Weber 2003). It is the dominant genus of
armoured catﬁsh in Brazilian rivers (Weber 2003). Chromosomally, this group is highly diversiﬁed and studies of
repetitive DNAs in these species are still in preliminary
stages. Hypostomus karyotypes range from 54 chromosomes
in H. plecostomus (Muramoto et al. 1968) to 84 chromosomes in Hypostomus sp. 2 (Cereali et al. 2008). Artoni
and Bertollo (2001) consider the diploid number of 54 chromosomes as basal for Hypostominae, using Trichomycteridae as outgroup, suggesting that the chromosome evolution
of Hypostomus occurred through centric ﬁssions. Recently,
Bueno et al. (2012) showed that other chromosomal rearrangements, such as inversions, deletions, duplications and
heterochromatinization, could contribute to the chromosomal
differentiation within the genus.
Repetitive DNAs arranged in tandem are important tools
in studies of taxonomic and evolutionary problems. These
sequences could be associated with chromosomal rearrangement events (Wichman et al. 1991; Rosa et al. 2012; and
others). According to Wichman et al. (1991), satellite DNAs
rapidly diverge during evolution. Thereby, they are important
for solving the taxonomic and evolutionary problems among
related species.

∗ For correspondence. E-mail: jositraldi@hotmail.com.

The banded krait minor (Bkm) satellite DNA, one such
simple sequence repeat, is highly conserved in eukaryotes.
The major component of this satellite DNA is a tetranucleotide repeat of GATA which has been implicated in differentiation of sex chromosomes and speciation (Singh et al.
1984). Subramanian et al. (2003) propose that this sequence
has a predominant association with sex chromosomes and a
potential role in higher-order chromatin organization and a
function in gene regulation of the human Y chromosome. In
addition, it is proposed that GATA proteins are members of
a zinc ﬁnger subfamily of DNA-binding proteins that recognize the consensus motif (T/A)GATA(A/G) (Orkin 1992).
Six GATA family members have been identiﬁed in vertebrates with gene regulation function in numerous issues (for
a review see Pedone et al. 1997).
The telomeres (TTAGGG)n are deﬁned as a class of repetitive DNA which constitutes the terminal portion of linear
chromosomes and are required for the replication and chromosome stability. Meyne et al. (1990) suggest that terminal
and interstitial telomeric sites (ITS) can provide important
information about the evolutionary status of the species. In
Loricariidae, use of (TTAGGG)n sequence has contributed
to the detection of chromosomal fusions and understanding
of the large numerical and structural variation of the group
(Rosa et al. 2012).
Given the high chromosomal diversity of the genus Hypostomus in Brazilian rivers, and the efﬁciency of the analysis
of repetitive sequences on chromosome studies, this work
aimed at contributing to a better understanding of Hypostomus chromosome diversiﬁcation, using the distribution
of (GATA)n and (TTAGGG)n sequences in species of this
genus.
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Materials and methods
We analysed specimens of H. ancistroides (11 females and 10
males), H. iheringii (10 females and 11 males) and H. nigromaculatus (13 females and 13 males) from the Córrego da
Lapa, Ipeúna, São Paulo, Brazil, and specimens of H. tapijara (26 females and 14 males) from Ribeira de Iguape river,
Registro, São Paulo, Brazil. The animals were identiﬁed and
deposited in the Museum of Zoology at the University of São
Paulo (MZUSP) under voucher numbers MZUSP 110802,
MZUSP 106769, MZUSP 110801 and MZUSP 109785
respectively.
The mitotic chromosome were prepared according to
Foresti et al. (1993). We used (GATA)n and (TTAGGG)n ,
obtained by PCR performed with biotin-11-dUTP (Roche
Applied Science, Penzberg, Germany) in the absence
of DNA templates. The primers (GATA)7 /(TATC)7 and
(TTAGGG)5 /(CCCTAA)5 were used for ampliﬁcation of
these repetitive sequences according to the DNA ampliﬁcation procedure described by Ijdo et al. (1991). The PCR reaction mix comprised 2.5 mM of MgCl2 ; 40 μM of dCTP,
dATP and dGTP; 28 μM of dTTP; 12 μM of biotin-11-dUTP
(Roche Applied Science, Penzberg, Germany); 100 μM of
R
each primer and 2 U of Platinum
Taq DNA polymerase
(Invitrogen, Carlsbad, USA). The conditions of the PCR
cycle were 94◦ C/5 min; 9 cycles of 94◦ C/1 min, 55◦ C/30 s,
72◦ C/1 min; 29 cycles of 94◦ C/1 min, 60◦ C/30 s,
72◦ C/90 s; with ﬁnal at 72◦ C/5 min.
Fluorescence in situ hybridizations (FISH) were performed following the protocol described by Pinkel et al.
(1986), under stringency conditions of 77% (200–500 ng
of each probe, 50% of formamide, 10% of dextran sulphate 2× saline sodium citrate (SSC), pH 7.0–7.2 at 37◦ C
over 16 h). After hybridization, the slides were washed in
15% formamide/0.2× SSC at 42◦ C for 20 min and in 4×
SSC/0.05% Tween 20 at room temperature for 10 min. The
last step was performed in two 5-min washes. The detection
and ampliﬁcation of the hybridization signal were carried out
using conjugated avidin-FITC and anti-avidin biotin complex (Sigma, St Louis, USA). The chromosomes were counterstained with a solution of anti-fading/DAPI (40 μL of
anti-fading + 1 μL of DAPI 0.2 mg/mL) and analysed under
an Olympus BX51 epiﬂuorescence microscope and images
were captured by the camera system DP72 (Olympus, Tokyo,
Japan).

Results and discussion
FISH with (GATA)n probe revealed that this repetitive
element is dispersed over the chromosomes, with small accumulations in interstitial and terminal portions of the chromosomes of the four studied species (ﬁgure 1, a,c,e&g). H.
iheringii showed a higher accumulation of this sequence on
the chromosomes (ﬁgure 1c) than the other species. In ﬁshes,
studies with GATA repeats showed that some species (Cross
et al. 2006; Úbeda-Manzanaro et al. 2010) have a dispersed
128

Figure 1. Metaphases of H. ancistroides (a, b), H. iheringii (c, d),
H. nigromaculatus (e, f) and H. tapijara (g, h) subjected to ﬂuorescence in situ hybridization with probes of (GATA)n sequence (a, c,
e, g) and (TTAGGG)n sequence (b, d, f, h).

pattern of this sequence, with no preferential accumulation
in some chromosomes, like the four species of Hypostomus
that were analysed in the present work. Thus, it is observed
that the recurrence of disperse pattern of the GATA repeats
in the genomes of ﬁshes. However, there are variations in
the concentration and localization of this sequence among
the species (Cross et al. 2006; Úbeda-Manzanaro et al. 2010;
present work).
The dispersed pattern of (GATA)n sequence, observed in
some ﬁsh species (Cross et al. 2006; Úbeda-Manzanaro et al.
2010; present work), might be a consequence of different
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chromosomal rearrangements like translocation, paracentric
and pericentric inversion, fusion, ﬁssion, duplication, deletion, genic conversion and heterochromatic ampliﬁcation. In
addition, these rearrangements might also be involved in different concentration and distribution of this sequence in the
analysed species. Simple quadruplet repeats of GATA are
always interspersed with other repetitive DNAs or singlecopy sequences (Schäfer et al. 1986). This way, it is also
possible to suppose that the dispersed pattern of (GATA)n
sequence in ﬁsh is a consequence of transposition events
of transposable elements associated to this sequence. In this
context, the GATA repeats would be indirectly participating in the chromosomal diversiﬁcation of the species that
maintain this DNA repeat, as well in the four species of
Hypostomus that were analysed in this work.
Subramanian et al. (2003) demonstrated in humans that
most of the GATA repeats might be intergenic, suggesting
that they may, in association with matrix-associated region
(MAR), possess a function to regulate the entire domain that
is deﬁned by these sequences. Thus it is possible, that this
sequence might have a functional role in ﬁsh genome and
is maintained in these species by selective forces. Hence,
GATA repeats might be participating in the evolution of
these animals by the introduction of new genomic and evolutionary alternatives that inﬂuence the differentiation of these
organisms.
Several studies demonstrate the existence of an association between GATA repeats and sex chromosomes, and the
importance of this sequence in the evolution of these systems
(Singh et al. 1984). The species analysed in this study do not
show sex chromosome systems, however they display GATA
repeats dispersed through several chromosomes of the karyotypes. In various species, the occurrence of this sequence in
autosomes has been reported, but typically with a higher concentration of these sites in the sex chromosomes (Singh et al.
1984). But in Ephestia kuehniella, despite the existence of a
well-deﬁned sex chromosome system ZZ/ZW, GATA repeat
sites were observed only in autosomes (Traut 1987). Thus, a
direct link between sex chromosomes and the GATA repeats
is not evident in species of different groups, as it was not
veriﬁed in any of the four analysed species of Hypostomus.
FISH with (TTAGGG)n probe revealed that this repetitive element is located at the terminal portion of both arms
of all chromosome pairs in the four species analysed (ﬁgure
1, b,d,f&h). Only in H. iheringii was one ITS identiﬁed
which was located in the proximal region of a submetacentric
chromosome pair (ﬁgure 1d). This kind of sequence has an
important role in detecting rearrangements involved in chromosome evolution (Meyne et al. 1990). In the present work,
the veriﬁcation of the telomere repeats are restricted to the
terminal portion of the chromosomes in H. ancistroides, H.
nigromaculatus and H. tapijara is an indication of the lack
of chromosomal fusions and translocations in the process
of the karyotype evolution of these species. This situation
is consistent with the evolutionary hypothesis of Artoni and
Bertollo (2001) for the genus Hypostomus. According to

these authors, the process of chromosome evolution of the
genus Hypostomus would have mainly occurred by successive centric ﬁssions from the basal karyotype with 2n = 54
chromosomes. Hence, the species of this genus present high
diploid numbers and the absense of ITS in their karyotypes is
expected. However, the possibility of loss of these sequences
after the occurrence of the rearrangements cannot be ruled
out.
In ﬁshes, similar to other vertebrates, (TTAGGG)n sites
are also found in interstitial chromosome portions (Rosa
et al. 2012). The presence of ITS in a chromosome pair of
the karyotype of H. iheringii suggests the occurrence of chromosomal fusions in the evolution of this species. In addition, rearrangements like translocations or inversions might
also be involved in the formation of this ITS. In Loricariinae,
Rosa et al. (2012) proposed, based on the presence of ITS
sites, the occurrence of centric fusion to seal the unstable
sites that were generated in the chromosomes by centric ﬁssion during the evolutionary history of the group. In this
hypothesis, the unstable chromosome sites that were generated by centric ﬁssion (Meyne et al. 1990; Rosa et al. 2012)
were sealed by fusion, and the chromosomal instability generated by ITS (Peitl et al. 2002) may lead to new chromosomal rearrangements. Hence, these mechanisms might be
involved in the large chromosomal variation of Loricariidae,
as well in the genus Hypostomus.
Thus, the evolutionary history of the genus Hypostomus is
evident in the complex scenario of chromosomal rearrangements. In this context, (TTAGGG)n and (GATA)n repeats
can be interesting markers for the study of chromosomal
diversiﬁcation of this group, implicating the possible chromosomal rearrangements in the evolution of these species. In
addition, distribution of (GATA)n repeats might have a possible role in the genic regulation of the analysed species of
Hypostomus.
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