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Abstract

Cytogenetic analyses of the location of 18S and 5S ribosomal DNAs, and the base composition of B chromosomes of
Theringichthys labrosus from Tibagi River, Parand, Brazil, are provided. AgNORs were observed in the terminal position
on the long arm of a subtelocentric chromosome pair. CMA -positive staining was observed in some chromosomes,
which besides being associated with NORs, were all DAPI-negative. Chromosome B showed a strong fluorescence with
CMA, The concomitant use of 18S and 5S rDNA probes using the FISH technique revealed 18S ribosomal cistrons in a
pair of subtelocentric chromosomes, on the long arm in the terminal position, coinciding with the AgNOR. The 58 sites
were found in another subtelocentric pair, on the long arm in the interstitial region, near the centromere. The findings
of the present study suggest that, although there are some more conserved cytogenetic characteristics, populations of
L. labrosus may show their own characteristics.
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Analise Citogenética de DNAr 18S, 5S e cromossomo B de
Theringichthys labrosus (Liitken, 1874) (Siluriformes, Pimelodidae)

Resumo

Foram realizadas andlises citogenéticas em lheringichthys labrosus do Rio Tibagi, Parand, Brasil com a localizacdo
cromossomica dos DNAs ribossdmicos 18S e 5S e a composi¢do de bases de seus cromossomos B. As AgNORs
foram observadas em posic¢do terminal, no brago longo de um par de cromossomos subtelocéntricos. Marcagdes
CMA, positivas foram observadas em alguns cromossomos e associadas com as RONs. Porém, todas estas marcagoes
apresentaram-se DAPI negativas. O cromossomo B mostrou-se fortemente fluorescente com CMA,. O uso concomitante
das sondas de DNAr 18S e 58S, através da técnica de FISH, revelou os cistrons ribossomicos em um par de cromossomos
subtelocéntricos, em posicdo terminal do brago longo, coincidindo com a AgNOR. Os sitios 5S foram observados em
outro par subtelocéntrico, em posicao intersticial do brago longo, préximo ao centrdmero. Os resultados observados no
presente estudo sugerem que, embora existam algumas caracteristicas citogenéticas mais conservadas, as populagdes
de I. labrosus podem mostrar suas proprias caracteristicas.

Palavras-chave: cromossomo supranumerdrio, catfish, FISH.
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1. Introduction

The genus lheringichthys belongs to the order
Siluriformes, family Pimelodidae, and includes only two
species: Theringichthys megalops Eigenmann and Ward,
1907, which is found in the Paraguay River basin, and
lheringichthys labrosus, in the Parand River basin (Burgess,
1989). Only some populations of /. labrosus have been
studied from a cytogenetic perspective, demonstrating a
diploid number of 56 chromosomes, with the presence of
up to three supernumerary chromosomes or Bs (Vissotto
et al., 1999; Carvalho et al., 2004; Carvalho and Dias,
2005a).

The supernumerary chromosomes or Bs have been
described in 61 species of Neotropical freshwater fishes
(Carvalho et al., 2008). Only five species among those of
the family Pimelodidae have such chromosomes: Bergiaria
westermanni (Liitken, 1874) (Dias and Foresti, 1993),
Theringichthys labrosus (Vissotto et al., 1999; Carvalho
et al., 2004; Carvalho and Dias, 2005a), Pimelodus ortmanni
Haseman, 1911 and Pimelodus sp. NUP690, NUP1664,
NUP1786, NUP1826 (NUP refers to the ichthyological
collection of NUPELIA, Nicleo de Pesquisas em Limnologia,
Ictiologia e Aquicultura of Universidade Estadual de
Maringd, PR, Brazil) (Borin and Martins-Santos, 2004) and
Megalonema platanum (Giinther, 1880) (Carvalho, 2008).
There are few papers that have examined the base pair
composition of these chromosomes in fish (Vénere et al.,
1999; Maistro et al., 2000, 2002; Jesus et al., 2003).

Fluorochromes have been used to demonstrate
chromosomal regions rich in certain pairs of nitrogenous
bases, since they stain preferentially specific regions. In
fish, staining with GC-specific fluorochromes, such as
CMA,, has shown a close relationship between the nucleolar
organizer regions (NORs) observed by impregnation with
silver nitrate (AgNO,) and the chromosomal regions stained
with these fluorochromes. In some species of the family
Pimelodidae, fluorochromes have also revealed several
other regions, which appear to be related to a specific
type of heterochromatin (Swarca et al., 2003; Souza et al.,
2004; Treco et al., 2008).

In higher eukaryotes, tandem arrays of ribosomal RNA
genes are organised into two different multigene families
composed of hundreds of thousands of copies. One family
is represented by 45S rDNA encoding 18S, 5.8S and
26S/28S rRNAs, and the other is represented by 5S rDNA
that encodes 5S rRNA, one of the largest components of
ribosome subunits. The 5S rDNA arrangement consists of
sequences of 120 base pairs (bp) that are separated from
each other by non-transcribed spacer regions (Martins and
Galetti-Janior, 2001).

Although NORs are generally viewed by silver
impregnation and by fluorochromes that stain preferably
GC-rich regions, they can also be located through the
technical accuracy of fluorescent in situ hybridisation
(FISH) with 458, 28S and 18S rDNA probes. The ribosomal
cistrons of 5S rDNA can only be identified using the FISH
technique, and are therefore not related to NORs.

The objective of this study was to examine the
chromosomal location of 18S and 5S ribosomal DNAs,
and the base composition of B chromosomes in a population
of Theringichthys labrosus from the Tibagi River basin
(Parand, Brazil), and compare the results with those obtained
for the population of the Capivara Reservoir, previously
reviewed by Carvalho and Dias (2005a, b, 2007).

2. Material and Methods

Eight individuals from lheringichthys labrosus, collected
in the Tibagi River, Londrina, Parand, Brazil (23°21°27.22” S
and 51° 00” 34. 36" W) were analysed. Mitotic chromosomes
were obtained from kidney cells according to the conventional
technique of Bertollo et al. (1978). Nucleolar organizer
regions (NORs) were identified by silver nitrate staining
according to Howell and Black (1980). Fluorochrome
staining with the GC- specific chromomycin - A, (CMA,)
and AT-specific diamidino-2-phenylindole (DAPI) was
carried out according to Schweizer (1980). The 18S rDNA
(1700 bp) of Oreochromis niloticus niloticus (Linnaeus,
1758) and 5S rDNA (200 bp) of Leporinus elongates
Valenciennes, 1850, were used concurrently for the
fluorescent in situ hybridisation, following the protocol
described by Christian et al. (1998).

3. Results

The AgNOR in 1. labrosus from the Tibagi River
was observed on the long arm of a pair of subtelocentric
chromosomes, in the terminal position (Figure 1a). The
concomitant use of 18S and 5S rDNA probes, using the
FISH technique, showed the 18S ribosomal cistrons in a
pair of subtelocentric chromosomes, on the long arm in
the terminal position (Figure 1b) and the 58 sites were
found in another subtelocentric pair, on the long arm in the
interstitial region, near the centromere (Figure 1b).

Some chromosomes showed CMA,, positive sites after
fluorochrome treatment, mainly at one terminal and a few
interstitial positions. A pair of subtelocentric chromosomes
showed terminal staining on the long arm (Figure. 2a). With
the fluorochrome DAPI, this same pair showed negative
staining (Figure. 2b). The analysis of metaphases with a
single B chromosome in the population from the Tibagi
River revealed that this chromosome is strongly fluorescent
with CMA, and negative with DAPI (Figures 2a, b).

4. Discussion

Carvalho et al. (2004) has previously described the
karyotype of I. labrosus from the Tibagi River, which showed
a diploid number of 2n = 56 chromosomes with karyotype
formula of 32 m + 8 sm + 6st + 10a, and also described
the presence of 0-3 supernumerary microchromosomes in
this population. The same diploid number was found in all
populations of this examined species, but different karyotype
formulas were observed (Table 1). Such differences may be
due to processes of chromosomal rearrangements that do not
change the diploid number, such as pericentric inversions
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Figure 1. Somatic metaphases of lheringichthys labrosus
submitted to treatment with AgNO, (a) and FISH with 18S
and 5S rDNA probe (b). Arrows indicate the NOR-bearing
chromosomes (a) and 18S rDNAr (b). The arrowheads indi-
cate 5S rDNA in (b).

and/or translocations. Different karyotype formulas may
also suggest that this is a species complex that requires a
taxonomic revision in lheringichthys labrosus.

Table 1 shows that supernumerary chromosomes
occur in 75% of the populations of 1. labrosus. Among
these populations carrying B chromosomes, 70% of all
individuals examined had such chromosomes, representing
a high interindividual frequency of B chromosomes in
this species.

The AgNOR has revealed to be conserved regarding
its location on the long arm of a pair of subtelocentric
chromosomes, as corroborated by the present study,
in the same way as other populations of 1. labrosus
previously analysed (Table 1). One possible exception is
the population from the Guaratna River, Parand, where
the NOR is found on the short arm of a submetacentric
pair (Ribeiro et al., 2008). In the family Pimelodidae, the
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Figure 2. Somatic metaphases of lheringichthys labrosus
submitted to treatment with CMA, (a) and DAPI (b). The
arrows indicate the supernumerary chromosome. The ar-
rowheads indicate the NOR-bearing chromosomes.

position of the NOR seems to represent an important factor
in distinguishing between species of large size, such as
the group “Sorubiminae” that, without exception, has the
NOR on the short arms, and species of small to medium
size, such as the group “Pimelodus”, which fits in the
genus lheringichthys and most usually has the NOR on
the long arm (Fenocchio et al., 2003).

In the I. labrosus population of the Capivara Reservoir
reviewed by Carvalho and Dias (2007), hybridisation with
the 18S rDNA probe also showed signals corresponding
to AgNORs in a pair of st-chromosomes and on the long
arm in the terminal position, as in the population from
the Tibagi River. The 5S rDNA location was different
from that of the population studied herein, because the
58S ribosomal cistrons were in a terminal position on the
long arm of a subtelocentric pair.
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Table 1. Cytogenetic data in lheringichthys labrosus from different localities.

Locality 2n FN Karyotype Bs Number of Individuals AgNOR Reference
individuals with Bs

Mogi-Guagu 56 108 26 m+ 14sm+ 12st+4a 0-2 4 4 _ Dias and Foresti
River (SP) (1990)
Parana 56 98 42m,sm+ 14sta _ _ _ pair st—q Garcia et al.
River(PR) (1990)
Jurumirirm 56 106 22m+ 18 sm+10st+6a 1-2 8 3 pair st—q Vissotto et al.
Reservoir (SP) (1999)
Tibagi 56 102 32m+8sm+6st+10a 0-3 11 9 pair st—q Carvalho et al.
River (PR) (2004); present study
Capivara 56 100 26 m+ 12sm+6st+12a 0-1 25 18 pair st—q Carvalho and Dias
Reservoir (PR) (2005a)
Guaradna 56 106 14m+32sm+4st+6a 17 0 pair sm —p Ribeiro et al.
River (PR) (2008)

Legend: FN, fundamental number: m: metacentric; sm: submetacentric; st: subtelocentric; a: acrocentric; q: long arm;

p: short arm.

The use of the 18S rDNA probe has been growing in
the family Pimelodidae, confirming data obtained with
silver nitrate, as observed in Pinirampus pirinampu (Spix
and Agassiz, 1829) (Swarga et al., 1999), Zungaro zungaro
(Humboldt, 1821) (Swarga et al., 2001), in different
species of the genus Pimelodus (Souza et al., 2004;
Garcia and Moreira-Filho, 2008), in Pseudoplatystoma
corruscans (Spix and Agassiz, 1829) (Swarga et al., 2005),
in Steindachneridion melanodermatum Garavello, 2005
and Steindachneridion scriptum (Miranda Ribeiro, 1918)
(Swarca et al., 2008). In P. corruscans the 5S rDNA probe
has been used in addition to the 18S rDNA showing that
these regions are also present on different chromosomes
in this species and located in a subterminal region (Swarca
et al., 2005).

Martins and Galetti-Janior (1999) described the
location of the 45S and 5S rDNA regions on different
chromosomes, which seems to represent a good condition,
whereby the harmony of these sites of multiple copies
would not be disrupted, which would be important to
avoid undesirable translocations of 5S rDNA into the
arrangement of 45S rDNA, or vice versa. Therefore, this
condition allows an even greater conservatism of these
regions, which is important for maintaining the cell.

Because 5S rDNA is found in the interstitial position
of most fish of various orders, Martins and Galetti-Jtinior
(2001) suggest that this location is optimal in fish. Since
the 5S rDNA region is located on the same chromosome in
the populations of 1. labrosus from the Capivara Reservoir
(Carvalho and Dias, 2007) and from the Tibagi River (this
study), but in terminal and interstitial positions, respectively,
it is possible that there was a paracentric inversion in a
subtelocentric pair bearing 5S ribosomal genes. Probably,
due to the fact that in most fish species these genes are
located in an interstitial position, the location of the terminal
5S genes in the population from Capivara represents a
derived condition. According to Galetti-Junior and Martins
(2004), the interstitial chromosomal location does not seem
to be coincidental, since this same pattern is observed in

mammals and amphibians. This interstitial distribution
may represent some advantage related to the organisation
of these genes in the genome of vertebrates.

A pair of subtelocentric chromosomes in /. labrosus
showed CMA, positive sites on the long arm, probably
indicating AgNOR, while with the fluorochrome DAPI these
regions showed negative staining and were therefore rich
in GC bases. Regions with similar CMA, positive staining
were also seen in the chromosomes of 1. labrosus from the
Capivara Reservoir (Carvalho and Dias, 2007).

Carvalho et al. (2004) described the supernumerary
chromosomes of 1. labrosus from the Tibagi River as
totally heterochromatic. The results found in this study
through the use of fluorochromes showed a particular
heterochromatin in this supernumerary chromosome, with
an abundance of GC. This was not seen in the population
of 1. labrosus from the Capivara Reservoir studied by
Carvalho and Dias (2005a).

Few investigators have reported on the base composition
of supernumerary chromosomes in fish; however, results
similar to those obtained here were published by Vénere
et al. (1999). These authors treated the chromosomes of
Leporinus sp. with CMA and detected a small interstitial
bright fluorescent band in the supernumerary chromosome
of this species, which according to the authors may
be related to a particular heterochromatin. Similarly,
Abucarma and Martins-Santos (2001) reported an intense
positive CMA, signal on the metacentric B chromosome
of Rhamdia branneri Haseman, 1911, in the telomeric
heterochromatic region.

The findings of the present study suggest that, although
there are some more conserved cytogenetic characteristics,
such as the diploid number and NOR location, populations
of I. labrosus may show their own characteristics. The
karyotype formula, chromosomal location of 5S rDNA,
and base composition of supernumerary chromosome of
1. labrosus populations from the Tibagi River (current
work) and from the Capivara Reservoir (Carvalho and
Dias, 2005a, b, 2007) suggest that these populations are
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subject to different genetic changes that can be selected
by the environment and may be of different species, thus
requiring further taxonomic studies.
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