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Karyotype variability in neotropical catfishes of the

family Pimelodidae (Teleostei: Siluriformes)
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and Roberto Ferreira Artoni!

Karyotypic data are presented for four species of fish belonging to the Pimelodidae family. These species show a conserved
diploid number, 2n = 56 chromosomes, with different karyotypic formulae. The analyzed species showed little amount of
heterochromatin located preferentially in the centromeric and telomeric regions of some chromosomes. The nucleolus organizer
regions activity (Ag-NORs) and the chromosomal location of ribosomal genes by fluorescent in situ hybridization (FISH), with
18S and 58 probes, showing only one chromosome pair marked bearer of ribosomal genes, the only exception was Pimelodus
britskii that presented multiple NORs and syntenic location of the 18S and 5S probes. Non-Robertsonian events, as pericentric
inversion and NORs duplication are requested to explain the karyotype diversification in Pseudoplatystoma from the rio
Paraguay (MS), Pimelodus from the rio Iguagu (PR), Sorubim from the rio Paraguay (MS) and Steindachneridion from the rio
Paraiba do Sul (SP). The obtained data for the karyotype macrostructure of these species corroborates a conserved pattern
observed in Pimelodidae. On the other hand, interspecific variations detected by molecular cytogenetics markers made possible
cytotaxonomic inferences and differentiation of the species here analyzed.

Dados cariotipicos sdo apresentados para quatro espécies da familia Pimelodidae. Todas apresentaram o mesmo nimero
diploide, 2n = 56 cromossomos, com diferencgas nas férmulas cariotipicas. As espécies aqui analisadas mostraram pouca
quantidade de heterocromatina localizada preferencialmente na regido centromérica e telomérica de alguns cromossosmos do
complemento cariotipico. As regides organizadoras de nucléolo (Ag-RONs) e a localizacdo dos genes ribossomais pela
hibridizagao in situ fluorescente (FISH), com sondas 18S e 5S, evidenciaram somente um par cromossdmico marcado portador
de genes ribossomais, a excegao de Pimelodus britskii que apresentou NORs multiplas e localizacdo sinténica das sondas 18S
e 5S. Eventos ndo-Robertsonianos, como inversao pericéntrica e duplicagdo das NORs sdo requeridos para explicar a diversificagdo
cariotipica em Pseudoplatystoma do rio Paraguai (MS), Pimelodus do rio Iguacu (PR), Sorubim do rio Paraguai (MS) ¢
Steindachneridion do rio Paraiba do Sul (SP). Os dados obtidos para a macroestrutura cariotipica destas espécies corrobora um
padrdo conservado observado na familia Pimelodidae. Por outro lado, evidéncias de variagdes interespecificas pelos marcadores
de citogenética molecular empregados possibilitam inferéncias citotaxondmicas e diferenciacdo das espécies aqui analisadas.

Key words: Pseudoplatystoma reticulatum, Pimelodus britskii, Sorubim lima, Steindachneridion parahybae.

Introduction chain; present great load and migrate in at least a phase of the

life (Miranda, 1997; Revaldaves et al., 2005). The genus

According to Lundberg & Littmann (2003), Pimelodidae
is considered one of the most diversified families among
Neotropical Siluriformes. Actually clustering 29 genera, 93
species and four nominal fossil species (Ferraris, 2007).
Although well known, some species are threatened (Hilsdorf
& Petrere Jr., 2002; Ludwig et al., 2005; Caneppele et al., 2009).
Among the great catfishes, the Steindachneridion and
Pseudoplatystoma genera occupy the top of the alimentary

Pimelodus has the greatest diversity in the Pimelodidae family,
with 26 species distributed from Panama to Argentina, ranging
from small to medium-size (Lundberg & Littmann, 2003; Ribeiro
& Lucena, 2006a, 2006b). The genus Sorubim is distributed
in hydrographic basins of the Amazon, Orinoco, Parana and
Paraiba Rivers (Froese & Pauly, 2002).

Cytogenetic studies on species from the Pimelodidae show
diploid numbers ranging from 2n = 50 to 2n = 58, with most
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species exhibiting 2n = 56 chromosomes (Swarga et al., 2007),
especially those from the subfamily Sorubiminae. Moreover,
the karyotypes are basically composed of metacentric and
submetacentric chromosomes, little heterochromatin content
and one chromosome pair bearing the nucleolus organizing
region (Fenocchio & Bertollo, 1992; Martins-Santos ef al.,
1996; Swarca et al., 2001). However, cytogenetic information
on this family remains scarce and few species have been
analyzed using more in-depth cytogenetic methods, such as
staining with base-specific fluorochromes and fluorescent in
situ hybridization (for a review see, Oliveira et al., 2005).

In order to enhance the cytogenetic data from pimelodides,
especially species used for breeding, four species from
different genera were analyzed with the aim of contributing
toward the cytotaxonomy and karyotypic comparision of this
family of Neotropical fishes.

Material and Methods

The present study analyzed 29 specimens of
Pseudoplatystoma reticulatum raised in captivity at the Fish
Farm Station of the MAR & TERRA Industria e Comércio de
Pescados Ltda. from parentals originating from the rio
Paraguay (19 males and 10 females), 14 specimens of
Pimelodus britskii from the Hydrobiology Station of the Ney
Braga Hydroelectric Plant (Companhia Paranaense de Energia
Elétrica - COPEL) came from in the medium rio Iguagu (5 males
and 9 females), 6 specimens of Sorubim lima from the BR-
FISH Farm from parentals originating from the rio Paraguay (1
male and 5 females) and 10 specimens of Steindachneridion
parahybae raised in captivity Hydrobiology and Aquaculture
Station of the Paraibuna Hydroelectric Plant (Companhia
Energética de Sao Paulo - CESP) from parentals originating
from the rio Paraiba do Sul (6 males and 4 females). The species
were taxonomically identified by Oscar A. Shibatta and
voucher specimens of each species was deposited at the
Museu de Zoologia da Universidade Estadual de Londrina
(Londrina, PR, Brazil) under catalog numbers MZUEL 5228

(Pseudoplatystoma reticulatum), MZUEL 5230 (Pimelodus
britskii), MZUEL 5231 (Steindachneridion parahybae), and
MZUEL 5232 (Sorubim lima).

The obtainment of mitotic chromosomes was performed
using the air drying method described by Bertollo et al. (1978).
Heterochromatic regions were detected using the Sumner’s
method (1972) and staining with fluorescent DAPI (4,6 diamino
2-fenil-indol) dye. Nucleolus organizing regions were detected
using silver ion impregnation according to Howell & Black
(1980). Fluorescent in situ hybridization for the simultaneous
location of 18S and 5S rDNA (double-FISH) was performed
based on the Pinkel ef al. (1986) protocols, using the 18S
rDNA probes described for Prochilodus argenteus (Hatanaka
& Galetti, 2004) and 5S rDNA probes described for Leporinus
obtusidens (Martins & Galetti, 1999).

Chromosome identification was based on the arm ratio
criteria proposed by Levan et al. (1964) and chromosomes
were classified as metacentric (m), submetacentric (sm),
subtelocentric (st) and acrocentric (a). Fundamental number
(FN) was established as the total number of chromosome arms
of the diploid complement, considering the “m, sm and st”
types as having two arms and the “a” type as having a single
chromosome arm. Chromosomes were analyzed under an
epifluorescence microscope (Olympus BX41®) and the images
were captured using a real time CCD (Olympus DP71®) with a
resolution of 12 mega pixels.

Results

All species analyzed had a diploid number equal to 56
chromosomes, with no morphological evidence of
differentiated sex chromosomes or supernumerary
chromosomes. The fundamental numbers (FN) and
karyotypes formulae were different among the species. These
macrostructure data are summarized in Table 1. The
heterochromatin were preferentially located in the
pericentromeric regions at the 2, 3,5, 12,23,26, 27, 28 and 29
chromosome pairs in P. reticulatum. The chromosomes pairs

Table 1. Karyotype characteristics of the species studied. FN = fundamental number (number of chromosome arms); Ag-NORs
=tagging of nucleolar organizing regions by silver colloidal; 18S sites = localization of 18S rDNA probe; 58 sites = localization
of 5S rDNA probe; C-band = chromosomal localization of heterochromatin; m = metacentric chromosome; sm = submetacentric
chromosome; st = subtelocentric chromosome; a = acrocentric chromosome p = short arm; ¢ = long arm; Cent. Chrom.
= centromere of chromosomes; Tel. Chrom. = telomere of chromosomes.

Species Karyotype Formulae FN = Ag-NORs Sites 18S Sites 5S C-band
terminal ¢ terminal st p interstitial s.m Cent. Chrom. 2, 4, 26 and 27.
q terminal st chromosome;

Pimelodus britskii 24m+18sm+8st+6a 106
chromosome

chromosome

¢ terminal st chromosome Tel. Chrom. 2, 16 and 18 ¢;

syntenic to 5S syntenic to 188 22 p and q.
Cent. Chrom. 2, 3, 5, 12, 23, 26, 27,
Pseudoplatystoma p terminal sm p terminal sm p interstitial sm 28 and 29.
reticulatum 22m+20sm+6st+8a 104 chromosome chromosome chromosome Tel. Chrom. 5 and 19 p;
24 and 25 ¢; 7 and 8 p and q.
- p terminal st p terminal st p interstitial sm Cent. Chrom. 25 and 28.
Sorubim lima 24m+16sm+8st+8a 104 chromosome chromosome chromosome Tel. Chrom. 2, 3 and 13 ¢g and ¢.

Steindachneridion

paraybae 4mt22smt12st+8a 104 P lerminal sm

chromosome

p terminal sm
chromosome

Cent. Chrom. 9, 19, 26 and 27.
Tel. Chrom. 6, 21, 22, 23 and
24 pand 4, 13 and 20 p and g.

p interstitial sm
chromosome
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5,7 and 19 had heterochromatic regions located in the terminal
position in the short arms, while the pair 24, 25 and 28 show
marks in the long arms and the pairs 7 and 8 showed
heterochromatin at the terminal regions in both arms
(bitelomeric marks) (Fig. 1B). The heterochromatin in P. britskii
was located in the pericentromeric regions of the
chromosomes pairs 2, 4, 26 and 27. The chromosomes pairs 2
and 18 showed slight heterochromatin in the terminal position
of the long arms while the pair 22 showed a bitelomeric marks
(Fig. 2B). In S. lima, the chromosomes pairs 25 and 28 showed
heterochromatin in the pericentromeric regions, while the pairs
2,3 and 13 had bitelomeric marks (Fig. 3B). Pericentromeric
heterochromatin was found in S. parahybae at the
chromosomes pairs 9, 19, 26 and 27. The telomeric bands
were observed on the short arm of pairs 6, 21, 22, 23 and 24,
while the bitelomeric marks were found in the pairs 4, 13 and
20 (Fig. 4B). The silver impregnation showed only one pair
of the nucleolus organizer regions (Ag-NORs) located in
the terminal portion of the short arm of a submetacentric
chromosomic pair in P. reticulatum (Fig. 1D). In P. britskii,
the Ag-NORs was located at the terminal portion of the long
arm of one subtelocentric chromosome pair (Fig. 2D), while
S. lima showed also silver impregnation marks in a
subtelocentric pair, but in the short arm (Fig. 3D).
Steindachneridion parahybae showed the silver
impregnation on the short arm of a submetacentric
chromosome pair also in terminal position (Fig. 4D). In all
species, the Ag-NORs coincided with the 18S probe localized
by FISH and only a chromosome pair was verified with the
58S probe location. These chromosome pairs are comparable
between the analyzed species (Figs. 1C, 3C, and 4C), except
for P. britskii who showed multiples chromosomes with 5S
sequences located. The double-FISH analysis technique
showed syntenic sites for the 18S and 5S probes localized
in the terminal portion of the long arm at the acrocentric
chromosome pair in P. britskii, besides two chromosomes
with pericentromeric marks and other chromosome with less
evident heterochromatin marks about the terminal portion
of the long arm (Fig. 2C).

Discussion

The condition of vulnerable species or those threatened
with extinction determined that the present study would be
conducted with specimens raised in captivity for all the
analyzed species in order to minimize possible impacts on
natural populations so as to allow a broader view of the
karyotype evolution and conservation of these species
(Artoni et al., 2009). The diploid number of 56 chromosomes
in here analyzed species supports the hypothesis that this is
the modal number verified in most catfish families (Oliveira &
Gosztonyi, 2000) and likely a basal condition found among
species of the Pimelodidae. On the other hand the different
karyotype formulae verified for Pseudoplatystoma species
(revised in Swarca et al., 2007) support the condition of non-
conservative karyotype evolution in this genus.

A survey of the species belonging to this Neotropical
fish family demonstrated that about 30% of the 93 nominal
species cited by Ferraris (2007) have their karyotype
constitution at least preliminarily described (for a review see
Oliveira et al., 2005 and access http://www.ibb.unesp.br/
laboratorios/Freshwater%20Neotropical%20fishes.pdf). With
one third of the species karyotyped, evolutionary trends can
be identified, especially for the Pimelodus genus and other
supposedly related large catfish in their systematic condition,
such as the Pseudoplatystoma, Sorubim, and
Steindachneridion genera, although these constitute a
polytomy within the Pimelodidae family, according to de Pinna
(1998). Undeniably, all species and analyzed populations has
demonstrated, thus far, a strong conservative tendency
toward the karyotype macrostructure of these species. The
same was observed in the present study and we found that
Pimelodus britskii exhibited a differentiated character from
the other analyzed species regarding the 18S and 5S rDNA
sites location. A quite singular condition indicated syntenic
co-location of the 18S and 5S regions determined by the
double-FISH method for one chromosome pair in P. britskii.
Thus far, this is an unusual condition among the analyzed
fish species especially using this molecular cytogenetic
method (Martins & Galetti Jr., 1999, 2000, 2001). Mechanisms
such as conversion and unequal crossing-over often occur
within these gene arrangements during evolution, according
to Dover (1986). In this context, according to Diniz et al. (2009),
the location of 5S and 18S rDNA sites on different
chromosomes and different positions would be a way to
restrict the setting of unfavorable rearrangements, for example,
translocation of segments between these genes. Under the
phylogenetics systematics light, this characterization may
place the status of this character as an apomorphy, which is
yet to be proven regarding other species from the genus, for
example, Pimelodus fur has not exhibited this synteny (Garcia
et al., 2005). Moreover, the character robustness must also
be tested in relation to the same species in other populations.

On the other hand, the characteristics of the karyotype
macrostructure can be considered cytotaxonomic markers for
the species studied here. The 22m+20sm+6st+8a karyotype
formulae found in Pseudoplatystoma reticulatum from the
rio Paraguay (rio da Prata basin) is distinct from that described
by Fenocchio & Bertollo (1992), cited as Pseudoplatystoma
fasciatum, with 18m+14sm+10st+14a for specimens from the
rio Solimdes of the Amazon basin, recently avoided with
Pseudoplatystoma punctifer (Castelnau, 1855) by Buitrago-
Suarez & Burr (2007). It also differs from the formulae found
by Porto-Foresti et al. (2000) of 20m+12sm+12st+12a for the
same species in the rio Paraguay. Different karyotype formulae
among populations of the same species from different
hydrographic basins are usually evidence of karyotype
evolution processes due to geographic isolation and an
interruption in gene flow, as described in studies by Moreira-
Filho et al. (1991) on Astyanax scabripinnis. Non-
Robertsonian events of the karyotypic diversification, the
example of peri-and paracentric inversions are required to
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Fig. 1. Karyotype in Giemsa (A), C band (B), FISH with 18Sprobe (green arrows) and 5S probe (pink arrow) (C) and Ag-NORs
(D) in Pseudoplatystoma reticulatum from the rio Paraguay (MS). m = metacentric; sm = submetacentric; st = subtelocentric;
a=acrocentric. Scale bars = 10 pm.

explain the karyotypic differences observed among these  chromosomes condensation, especially in these species that
populations of P. reticulatum. On the other hand, these show smaller chromosomes than usual. However, this
differences could be related to methodological problems or  karyotype divergences among P. reticulatum population
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Fig. 2. Karyotype in Giemsa (A), C band (B), FISH with 18S probe (green arrows) and 5S probe (pink arrows) (C) and Ag-NORs
(D) in Pimelodus britskii from the rio Iguacu (PR). m = metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric.

Scale bars =10 um.

could be reflecting their own biogeographical history with
allopatric determination among rio Parana, Paraguay, and Sdo
Francisco basins, similar the condition verified in Hypostomus
genus, with isolament sugested about 5.7 to 6.4 m.a.
(Montoya-Burgos, 2003).

The Steindachneridion parahybae case is especially
important because it is the first karyotype description for the
species, which is currently at high extinction risk and it is listed
as threatened on the red list of the Brazilian Ministry of the
Environment (Rosa & Lima, 2008). The found macrostructure
is not unlike that seen in others Pimelodidae, showing a high
number of biarmed chromosomes, however, it has four pairs of
acrocentric chromosomes. The chromosomal location of
ribosomal cistrons evidenced by double FISH with 5S probe in

this specie, marked in the interstitial one pair of submetacentric
chromosomes, whereas the 18S probe was located on other
chromosome pair. Swarga et al. (2005) studding the karyotype
of Steindachneridion scriptum (cited as S. scripta), found a
diploid number of 56 chromosomes with the karyotype 24m+20
sm+4 st+8 a and FN = 104. The karyotype macrostructure does
not differ from that described for other Pimelodidae species,
with a high number of biarmed chromosomes, however, it shows
four acrocentric chromosome pairs. The chromosomal location
of the ribosomal cistrons was evidenced by the double-FISH
method, with the 5S probe tagged in the interstitial region in
one pair of submetacentric chromosomes. The 18S probe was
located in one chromosome pair in telomeric regions of the
short arms, although a polymorphism size became the marks in
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Fig. 3. Karyotype in Giemsa (A), C band (B), FISH with 18S probe (green arrows) and 5S probe (pink arrows) (C) and Ag-NORs
(D) in Sorubim lima from the rio Paraguay (MS). m = metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric.
Scale bars =10 pm.

one of the homologous chromosome almost imperceptible by  of these species regresses to 4.2 m.a. when comparatively
FISH technique. This apparent lack of homology may be due  analyzed the distribution of species of the genus Hypostomus
to genic amplification in one of the homologous or chromosome  between the upper Parana and coastal basins (Montoya-
breaks and deletions or even the chromosome segment of the ~ Burgos, 2003). Similar to the one required to explain the
other homologue having many small rDNA sites, which hampers ~ karyotypic diversity among Pseudoplatystoma here also

their visualization. emphasize the importance of vicariance in the diversification
The maintenance of 2n =56 and FN = 104 as opposed to  of karyotypes of the Steindachneridion species.
the karyotypic different formulae verified between S. scriptum Two karyotype descriptions were previously carried out for

and S. melanodermatum reinforces karyotype diversification  Sorubim lima by Fenocchio & Bertollo (1992), who studied a
through inversions event in these species, the example of  population sample from the rio Solimdes in the Amazon basin,
what should occur on a larger scale among Pimelodidae. and then by Martins-Santos et al. (1996), who analyzed a
According Garavello (2005) six species of Steindachneridion  population from the rio Parana in the upper Parana basin. Although
genera are currently recognized along the coastal drainages  the studies were in agreement regarding the diploid number (2n
of eastern and upper Parana basin, Brazil. The S. parahybae =56 chromosomes), the karyotype formulae were slightly different
is endemic fish of the rio Paraiba do Sul basin, while the S.  (18m+12sm+14st+12a and 20m+14sm+10st+12a, respectively),
scriptum has a wider distribution for the basins of the upper  very likely for the reasons presented previously. The results of
Parana and rio Uruguay. However, the geographical isolation  the present study on a population sample of S. lima from the rio
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Fig. 4. Karyotype in Giemsa (A), C band (B), FISH with 18S probe (green arrows) and 5S probe (pink arrow) (C) and Ag-NORs
(D) in Steindachneridion parahybae from the rio Paraiba do Sul (SP). m = metacentric; sm = submetacentric; st = subtelocentric;
a=acrocentric. Scale bars = 10 pm.

Paraguay corroborate the 2n =56 and diverge more expressively
regarding the karyotype formulae (24m+16sm+8st+8a). These
karyotypic discrepancies above pointed denote the presence of

the chromosome rearrangements elapsed in geographical
variations to exemplify what it was pointed out previously for P.
reticulatum and S. parahybae.
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Heterochromatin markers have been employed by
Fenocchio & Bertollo (1992) in an attempt to distinguish the
Pseudoplatystoma species. Our results indicate a large
interspecific variation of heterochromatin distribution on the
karyotypes of the species here analyzed. However, observed
general features shows that the heterochromatic segments
are located near the centromere and telomere of the
chromosomes, and these bands are still evident. Some
bitelomeric bands more consistent and markers can be
evidenced in the Pseudoplatystoma reticulatum biarmed
chromosomes (pair no. 8), Pimelodus britskii (pair no. 22),
Sorubim lima (pair no. 13), and Steindachneridion parahybae
(pair no. 8).

The collected karyotypic data practically distinguish the
species and populations compared to other pimelodids
already cytogenetically studied, although the modal diploid
number of 2n = 56 chromosomes should be considered a
feature shared by most species of this Neotropical fishes
family.

The use of molecular cytogenetics, especially of
fluorescent in situ hybridization (FISH) technique,
particularly for the chromosomal location of rDNA probes,
has appointed a very promising way for evolutionary
analysis and cytotaxonomic in fish. In this case, we find a
derived state for the distribution of 18S ribosomal cistrons
in synteny with regions 5S, the latter scattered in many
others chromosomes in the Karyotype complement of
Pimelodus britskii, an unusual condition among fish that
may indicate an apomorphy for species, at least at the level
of pimelodids already analyzed with these markers. The
other species analyzed show single NOR on a single
chromosome pair with chromosomal location and different
types.

In conclusion, chromosome markers exploration related
to karyotype formulae, chromosome banding and DNA
probes location were significant not only for the cytogenetic
characterization populations and species here showed, as
well as to support the cytotaxonomy. The historical
biogeography and the evolutionary time has also shown to
be fundamental for the interpretation of the karyotypic
differences verified among allopatric populations.
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