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Cytogenetic study of two species of the family Pimelodidae (Siluriformes)
collected in lago Guaiba, Rio Grande do Sul, Brazil
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Lucia Giuliano-Caetano' and Ana Lucia Dias'

A cytogenetic study was conducted on specimens of Parapimelodus nigribarbis and Pimelodus maculatus collected in the
lago Guaiba drainage, Porto Alegre, Rio Grande do Sul, Brazil. The two species had a diploid number of 56 chromosomes, with
P, nigribarbis showing a karyotype of 20m + 20sm + 4st + 12a with FN of 100, and P. maculatus showing a karyotype of 24m +
20sm + 6st + 6a with FN of 106. NORs were demonstrated in both species in only one pair of subtelocentric chromosomes, in
the terminal region of the long arm, which was coincident with C- banding and CMA staining, while DAPI staining was
negative in these regions. Parapimelodus nigribarbis had a greater number of heterochromatic bands than did P. maculatus,
which were distributed mainly in the terminal regions, where the latter species showed an interstitial band on the short arm of
the first metacentric pair. C-banding plus CMA, demonstrated heterochromatin that was associated with GC-rich NORs in both
P. nigribarbis and P. maculatus, although other fluorescent regions were also observed in the former species. With C-banding
plus DAPI, various chromosomal regions were stained in the two species, along with interstitial staining in P. maculatus,
indicating that heterochromatin contained a greater quantity of AT-rich regions.

Exemplares de Parapimelodus nigribarbis e Pimelodus maculatus coletados na bacia do rio Guaiba, Porto Alegre, Rio Grande
do Sul, foram analisados citogeneticamente. As duas espécies apresentaram um nimero diploide de 56 cromossomos, com P,
nigribarbis mostrando um caridtipo de 20m + 20sm + 4st + 12a, NF igual a 100; e P. maculatus com 24m + 20sm + 6st + 6a e NF
igual 106. As NORs foram evidenciadas em apenas um par de cromossomos subtelocéntricos, na regido terminal do braco
longo, nas duas espécies estudadas, sendo coincidentes com a banda C e CMA,; o DAPI nestas regides se mostrou negativo.
Parapimelodus nigribarbis apresentou um maior numero de bandas heterocromaticas do que P. maculatus, distribuidas
principalmente em regides terminais, sendo observada nesta tltima espécie uma banda intersticial no brago curto do primeiro
par metacéntrico. Banda C + CMA, evidenciou em P. nigribarbis € P. maculatus a heterocromatina associada a NOR rica em
GC, sendo encontrada na primeira espécie outras regides fluorescentes. Com banda C + DAPI varias regides cromossomicas
foram observadas nas duas espécies, inclusive a por¢ao intersticial encontrada em P. maculatus, revelando que a heterocromatina
possui uma maior quantidade de regides AT ricas em sua composigao.
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Introduction

The family Pimelodidae is an extremely diversified group
composed of approximately 93 species distributed among 29
genera (Ferraris, 2007), where they are represented in all the
laguna dos Patos drainage by only two species, Parapimelo-
dus nigribarbis and Pimelodus maculatus.

The genus Pimelodus is the most numerous within the
family Pimelodidae, composed of 24 species (Ferraris, 2007),
and is one of the most studied from a cytogenetic point of

view. On the other hand, Parapimelodus is represented by
only two species, P. valenciennis and P. nigribarbis.

Among the species belonging to the genus Pimelodus, P.
maculatus is the one that has been cytogenetically most stud-
ied by various authors (Vissoto et al., 1999; Swarg¢a et al.,
2001a; Borin & Martins-Santos, 2002; among others). The
different samples examined showed a diploid number of 56
and variations in their karyotype formula, along with simple
NORs and heterochromatin distributed mainly in the centro-
meric and/or terminal regions.
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With regard to the genus Parapimelodus, only unpub-
lished data from Costa & Reggi (pers. comm.) could be found,
who characterized “P. valenciennis” obtained from the “Rio
Guaiba” as having a diploid number of 2n= 56 chromosomes.
The species examined by Costa & Reggi (pers. comm.), how-
ever, was P. nigribarbis, the same species studied in the
present study. Parapimelodus nigribarbis, originally de-
scribed for the laguna dos Patos system, was treated as a
synonym of P. valenciennes, described for the rio da Prata
basin until 1992, when it was considered a valid species and
removed from synonymy with the latter by Lucena et al. (1992).
Parapimelodus nigribarbis is endemic to the area and is the
only species of the genus present in the laguna dos Patos
system.

The aim of the present study was to characterize and com-
pare cytogenetically two species of the family Pimelodidae,
Parapimelodus nigribarbis and Pimelodus maculatus, from
lago Guaiba, laguna dos Patos drainage, Rio Grande do Sul.
The findings for Pimelodus maculatus were further compared
to cytogenetic data for specimens from other parts of South
America.

Materials and Methods

Thirteen specimens of Parapimelodus nigribarbis (6
males and 7 females) and five specimens of Pimelodus
maculatus (2 males, 1 female and 2 unsexed), were collected
in lago Guaiba, Porto Alegre, Rio Grande do Sul. The speci-
mens examined were deposited in the Museu de Zoologia da
Universidade Estadual de Londrina: MZUEL 4060 - Parapi-
melodus nigribarbis; MZUEL 4061, MZUEL 4062 and MZUEL
4063 - Pimelodus maculatus.

Mitotic chromosome preparations were obtained from kid-
ney according Bertollo et al. (1978). Chromosome morphol-
ogy was determined on the basis of arm ratio (Levan ef al.,
1964). Chromosomes classified as metacentric (m), submeta-
centric (sm) and subtelocentric (st) were considered as
biarmed, and acrocentric (a) were considered as uniarmed.
Nucleolar organizer region staining (Ag-NOR) and C- band-
ing were performed using the methods of Howell and Black
(1980) and Sumner (1972), respectively. Chromomycin A,
(CMA.) and DAPI staining were done according to Schweizer
(1976).

Results

The results obtained for the two species reveals a diploid
number of 2n= 56 chromosomes, where Parapimelodus
nigribarbis showed 20m + 20sm + 4st + 12a chromosomes
with FN =100 (Fig. 1a) and Pimelodus maculatus 24m + 20sm
+ 6st + 6a chromosomes with FN=106 (Fig. 1¢). The presence
of a secondary constriction was noted in the terminal region
of the long arm of a pair of subtelocentric chromosomes, pair
24, in P. maculatus (Fig. 1c).

Parapimelodus nigribarbis showed heterochromatin dis-
tributed in the centromeric and mainly terminal regions of
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Fig. 1. Karyotype of Parapimelodus nigribarbis (a, b) and
Pimelodus maculatus (c, d) with Giemsa (a, ¢) and C-banding
(b, d). In the boxes the Ag-NOR-bearing pair of chromosomes.
Scale bar= 10 pm.

various chromosomes, where heterochromatic staining in
metacentric pairs 1, 3,4 and 5 and submetacentric pairs 13, 15,
18 and 19 was noted at both ends (Fig. 1b). Pimelodus
maculatus showed a lesser quantity of heterochromatin, dis-
tributed in the centromeric and terminal regions of some chro-
mosomes, with some heterochromatin identified at an inter-
stitial position on the short arm of chromosome pair 1 (Fig.
1d).

Pair 22 of Parapimelodus nigribarbis and pair 24 of
Pimelodus maculatus showed heterochromatin in the termi-
nal region of the long arm, where a size heteromorphism was
observed in the latter species (Figs. 1b and 1d, respectively).

The Ag-NORs were localized in the terminal region of the
long arm in a pair of subtelocentric chromosomes in both
species: pair 22 in Parapimelodus nigribarbis (Fig. 1a - box)
and pair 24 in Pimelodus maculatus (Fig. 1¢ - box), where a
size heteromorphism was observed between the homologues
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Fig. 2. Somatic metaphases of Parapimelodus nigribarbis: (a) CMA and (c) DAPI; Pimelodus maculatus: (b) CMA and (d)
DAPI. The arrows indicate the Ag-NOR-bearing pair of chromosomes.

in the latter species.

Staining with the CMA, produced fluorescent signals
corresponding to Ag-NORs in both species (Figs. 2a,b), while
additional fluorescent signals were identified in the centro-
meric and telomeric regions of some chromosomes of Parapi-
melodus nigribarbis (Fig. 2a)

Staining with the DAPI revealed only pale regions (DAPI-
negative) which corresponded to CMA -positive regions, in
the two species studied (Figs. 2c¢,d).

When C-banding was combined with CMA, (CB + CMA,),
stained regions in both species corresponded to Ag-NORs
(Figs. 3a,b), while in Parapimelodus nigribarbis other fluo-
rescent signals were seen in the terminal regions of some
chromosomes (Fig. 3a).

When C-banding was combined with DAPI (CB + DAPI),
various fluorescent bands were identified in the centromeric
and terminal regions of various chromosomes in the two spe-
cies (Figs. 3¢,d); in Pimelodus maculatus, the heterochroma-
tin at the interstitial position of metacentric chromosome 1
also showed a fluorescent signal (Fig. 3d).

Discussion

The present work describes the first detailed cytogenetic
study of the genus Parapimelodus, since only its diploid
number has been previously reported (Costa & Reggi, pers.
comm.). The diploid number of 56 chromosomes described
here for Parapimelodus nigribarbis and Pimelodus
maculatus from lago Guaiba, has been found for the majority
ofthe species belonging to the family Pimelodidae. Only 5 of
the 32 species whose karyotype was described had a differ-
ent diploid number: Calophysus macropterus (Gil et al., 1998:
2n=50), Pinirampus pirinampu (Swarga et al., 1999: 2n=50),
Pimelodus fur (Garcia & Moreira-Filho, 2005: 2n= 54),
Megalonema platanum (Sanchez, 2006: 2n= 54), and
Pimelodus blochii (Della-Rosa et al., 1980: 2n=58).

Oliveira & Gosztonyi (2000) suggested that 2n= 56 chro-
mosomes is the ancestral diploid number of the Siluriformes,
which would explain the high frequency of this number in
this family. Therefore, this diploid number can be considered
a plesiomorphic trait in the family Pimelodidae and in the ge-
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Fig. 3. Somatic metaphases of Parapimelodus nigribarbis: a) CB+CMA, and ¢) CB+DAPI; Pimelodus maculatus: b) CB+CMA
and d) CB+DAPI. The arrows indicate the NOR-bearing pair of chromosomes. The arrowheads in (d) indicate the chromosome

pair 1.

nus Pimelodus, where the majority of their species also have
2n=>56 chromosomes (Swarga et al., 2001a; Borin & Martins-
Santos, 2002, 2004; Garcia & Moreira-Filho, 2005; among oth-
ers).

Among the eleven samples of Pimelodus maculatus with
2n=56, seven shared the same karyotype formulae, which was
40m-sm + 16st-a (Table 1), and of these, six belonged to the
Alto Parana basin. This finding could indicate a more con-
served karyotype evolution in these latter samples compared
to the rest, probably due to chromosomal rearrangements,
such as inversions and/or translocations.

According to Margarido & Galetti Jr. (1999), heterochro-
matin distribution pattern allows us to establish phyloge-
netic relationships, in addition to being useful in the charac-
terization and differentiation of some species. The distribu-
tion of heterochromatin in the two species followed the pat-
tern found in the family Pimelodidae, that is, localizing in the
centromeric and/or terminal regions, but showing a charac-
teristic pattern for each species. Parapimelodus nigribarbis
showed a greater quantity of heterochromatin, mainly dis-
tributed in the terminal regions. Pimelodus maculatus showed

a smaller amount of heterochromatin, where this was distrib-
uted in some terminal and centromeric regions and in the
interstitial portion of metacentric pair 1.

Heterochromatin identified in the interstitial region has
been observed in some samples of Pimelodus maculatus
(Table 1), and in other species of the family Pimelodidae, such
as Pseudoplatystoma tigrinum (Fenocchio & Bertollo, 1992),
Hemisorubim platyrhynchos (Martins-Santos et al., 1996) and
Iheringichthys labrosus (Vissotto et al., 1999). These results
indicate that heterochromatin at the interstitial location can
be characteristic of some species of the genus Pimelodus,
and some samples of P. maculatus. The latter heterochroma-
tin localization can be considered an important characteristic
for possible differentiation of populations and species, as
well as for studies on the phylogeny of this group.

A study of Ag-NORs in Parapimelodus nigribarbis and
Pimelodus maculatus indicated a pattern similar to that of
other species of the family Pimelodidae, for example, in
Pimelodus absconditus (Borin & Martins-Santos, 2002),
Lheringichthys labrosus (Carvalho et al., 2004) and Pimelodus
fur (Garcia & Moreira-Filho, 2005), among others. The great
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Table 1. Cytogenetic data for different samples of Pimelodus maculatus. 2n= diploid number; FN= fundamental number;

NORs=nucleolar organizer regions; Hc= heterochromatin; Ref.=

reference; t= terminal; c= centromeric; i= interstitial; Ib=long

arm; m= metacentric; sm= submetacentric; st= subtelocentric; a= acrocentric; *= FN recalculated in the present study.

Location 2n Karyotype formula FN NORs location Hc Ref
40m/sm + 16st/a
Rio Sdo Francisco, Minas Gerais; rio 56 40m,sm+16st,a 96 t, st par 23, b - Dias & Foresti (1993)
Mogi-Guagu, Sdo Paulo
Rio Tibagi, Parana 56 20m+20sm+10st+6a 106 t, st par 23, 1b t-c  Swarga et al. (2001a)
Rio Paranapanema; Represa Jurumirim, 56 20m+20sm+10st+6a 106* t, st, Ib t-c-i  Vissoto et al. (1999)
Sao Paulo
Rio Parana, Porto Rico, Parana 56 20m+20sm+10st+6a 106 t, st par 23, Ib t-c-i  Borin & Martins-Santos (2002)
Rio Congonhas, Parana 56 20m+20sm+10st+6a 106 st, Ib t-c  Mazzuchelli et al. (2007)
44m/sm + 12st/a
Rio Mogi, rio Pardo, rio Onga,SaoPaulo 56 30m+14sm+12a 100 - - Toledo & Ferrari (1976)
Rio Sao Francisco, Minas Gerais 56 32m+12sm+12st 112 t, sm par 20, b t-c  Garcia & Moreira-Filho (2005)
Lago Guaiba, Rio Grande do Sul 56 24m+20sm+6st+6a 106 t, st par 24, b t-c-i  Present study
38m/sm +18st/a
Rio Paraguai, Mato Grosso do Sul 56 22m+16sm+10st+8a 104 t, st par 23, Ib t-c-i_Souza et al. (2003)

majority of samples of P. maculatus (Table 1) possess Ag-
NORs on st chromosomes, on the long arm, which appears to
be a more conserved character in the species.

Heterochromatin associated with Ag-NORs, such as in
the species studied here, has also been found in various spe-
cies of pimelodids, including lheringichthys labrosus
(Vissotto et al., 1999) and Zungaro zungaro (Swarga et al.,
2001b).

The presence of size heteromorphism of Ag-NORs dem-
onstrated in Pimelodus maculatus from lago Guaiba, has also
been shown in two other samples of this species, one from
the rio Paranapanema (Vissotto et al., 1999) and another from
the rio Paraguay (Souza et al., 2003), which could character-
ize some samples of P. maculatus. Souza et al. (2004a), utiliz-
ing an 18S rDNA probe, showed that this heteromorphism
was structural due to variation in ribosomal cistrons between
the homologues, in the population of P. maculatus from the
rio Paraguay.

The data obtained with CMA_ indicate that in both spe-
cies studied here, the Ag-NORs are rich in GC pairs, where
this is a general pattern found in the family Pimelodidae (Swarga
et al., 2001b; Garcia & Moreira-Filho, 2005; Swarga et al.,
2005; among others). Reports of other fluorescent signals,
besides those corresponding to Ag-NORs as observed in
Parapimelodus nigribarbis, in the terminal region of some
chromosomes, have also been identified in the family, such
as in Pimelodus heraldoi and Pimelodus sp. (Souza et al.,
2004b) and P, fur (Garcia & Moreira-Filho, 2005). The combi-
nation CB + CMA, confirmed that the heterochromatin asso-
ciated with Ag-NORs, in the two species, is GC-rich, while in
P. nigribarbis, other regions were stained, which was not
seen in P. maculatus, indicating a greater quantity of GC bases
in the heterochromatin of the first species.

Staining with DAPI showed in the two species only pale
regions coincident with the GC regions, thereby being DAPI-
negative. However, the results of CB + DAPI allowed the
visualization of fluorescent staining on various chromosomes

in both species, including the interstitial portion of chromo-
some 1 in Pimelodus maculatus, showing that the composi-
tion of heterochromatin includes GC bases, as noted above,
and mainly AT bases, demonstrating differences between
Parapimelodus nigribarbis and P. maculatus, since the first
has more GC-rich heterochromatic regions.

In the sample of Pimelodus maculatus from the rio Para-
guay studied by Souza et al. (2003), heterochromatin was
shown to be GC-rich in the interstitial region, as seen at vari-
ous telomeric regions, indicating that this population and
that from lago Guaiba differ in relation to heterochromatin
composition .

The karyotypic analysis of Pimelodus maculatus and of
Parapimelodus nigribarbis allowed the identification of vari-
ous characters common between the two genera, as well as
characters common to other members of Pimelodidae, indi-
cating conserved characters in the group. The two species,
however, show differentiated characteristics in relation to the
distribution pattern and composition of heterochromatin.
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