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Abstract

The karyotype and chromosomal characteristics of the characid fish Triportheus venezuelensis were investigated
using differential staining techniques (C-banding, Ag-NOR staining) and fluorescent in situ hybridization (FISH) with
an 18S rDNA probe. The diploid chromosome number (2n = 52), karyotype composition and sex chromosome deter-
mination system of the ZZ/ZW type were the same as previously described in other species of the genus Triportheus.
However, extensive variation regarding nucleolus organizer regions (NOR) different from other species was ob-
served. 18S rDNA sequences were distributed on nine chromosome pairs, but the number of chromosomes with
Ag-NORs was usually lower, reaching a maximum of four chromosomes. When sequential staining experiments
were performed, it was demonstrated that: 1.) active NORs usually corresponded to segments with 18S rDNA genes
identified in FISH experiments; 2.) several 18S rDNA sequences were not silver-stained, suggesting that they do not
correspond to active NORs; and 3.) some chromosomes with silver-stained regions did not display any 18S rDNA
signals. These findings characterize an extensive polymorphism associated with the NOR-bearing chromosomes of
T. venezuelensis and emphasize the importance of combining traditional and molecular techniques in chromosome

studies.
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Introduction

Two distinct sets of multiple rRNA genes, usually lo-
cated on distinct chromosomes, operate in eukaryote geno-
mes: the 18S, 5.8S and 28S major genes and the 5S minor
genes (Hadjiolov, 1985). The eukaryotic major rRNA
genes are grouped, in order to form RNA polymerase I tran-
scription units, and multiple copies of these units are typi-
cally found clustered in long direct tandem arrays
cytologically identified as the nucleolus organizer regions
(NORs) (Hadjiolov, 1985; Drouin and Moniz-de-Sa,
1995).

The chromosomal sites of the major rRNA genes has
been localized using isotopic in situ hybridization, fluoro-
chrome dyes, N-banding, silver staining, immunofluores-
cence, and more recently by means of fluorescent in situ
hybridization (FISH) using specific probes (Sumner,
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1990). However, the technique most commonly used to de-
tected NORs is the silver nitrate (Ag) impregnation method
in which silver binds to NOR proteins such as the RNA
polymerase I subunit which is part of the active site of ribo-
somal genes (Roussel and Hernandez-Verdun, 1994; Whi-
tehead et al., 1997). Unfortunately, silver nitrate may also
bind to other proteins present in the nuclei, thus some chro-
mosome structures visualized by silver nitrate may not cor-
respond to ribosomal genes (Dobigny et al., 2002).

The Characidae is a large and diversified family of
fish that contains 167 genera and 980 species (Reis ef al.,
2003), including members of the genus Triportheus which
has 16 species widely distributed in South America (Mala-
barba, 2004). Members of the genus Triportheus possess
karyotypes characterized by a constant diploid number of
2n = 52 and a relatively conserved chromosome comple-
ment, as well as by the presence of a zz/zw sex chromo-
some system (Bertollo and Cavallaro, 1992; Sanchez and
Jorge, 1999; Artoni et al., 2001; Artoni and Bertollo, 2002).

We used silver-staining and FISH with a 18S rDNA
probe to investigate the karyotype of Triportheus
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venezuelensis and the distribution of the major rDNA gene
cluster with the objective of characterizing the number, dis-
tribution, and degree of activity of these genes in this spe-
cies.

Material and Methods

We captured 8 female and 8 male (n = 16)
Triportheus venezuelensis Spix, 1829 in Castillero Lake
(Laguna de Castillero) Caicara del Orinoco, Bolivar State,
Venezuela. Voucher specimens were deposited in the fish
collection of Escuela de Ciencias Aplicadas del Mar,
Universidad de Oriente, Nueva Esparta, Venezuela and the
Labortatorio de Biologia e Genética de Peixes (LBP 2194
and LBP 2230), Universidade Estadual Paulista, Sdo Paulo,
Brazil.
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Mitotic chromosome preparations were obtained
from kidney and gill tissues using the air-drying technique
of Foresti et al. (1993). Chromosome morphology was de-
termined on the basis of arm ratio, as proposed by Levan et
al. (1964), and chromosomes were classified as metacentric
(M), submetacentric (SM), subtelocentric (ST),
acrocentric (A). The NORs were identified by silver stain-
ing (Ag-NORs), as described by Howell and Black (1980)
and C-banding was performed according to Sumner (1972).
The FISH experiments were performed according to Pinkel
et al. (1996). A tilapia (Oreochromis niloticus) 18S rDNA
sequence (about 1800 base pairs) cloned in pGEM-T was
labeled by nick translation with biotin-14-dATP according
to the manufacturer’s instructions (Bionick Labelling Sys-
tem-Gibco. BRL). The 18S rDNA sequences were located
in the chromosomes with  Avidin-N-fluorescein
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Figure 1 - Giemsa stained karyotypes of a male (a) and a female (b) Triportheus venezuelensis. Bar = 10 um.
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Isothiocyanate (FITC) conjugate and the signal enhanced
using biotinylated Anti-avidin goat antibodies following a
second round of Avidin-FITC detection. Chromosomes
were counter-stained with Propidium Iodide (50 ug mL™)
diluted in Antifade. Metaphases were examined in a Zeiss
Axiophot photomicroscope and pictures were taken with
Kodak Gold Ultra 400 ASA film.

Results

The diploid chromosome number for both sexes was
2n = 52. The male karyotype was 20 M, 16 SM and 16 ST
chromosomes, where the largest metacentric pair (pair 1)
represented the sex chromosomes (Figure 1). The female
karyotype was the same as in the males except that pair 1
was composed of one large metacentric (the Z chromo-
some) and one small metacentric (the W chromosome)
(Figure 1b). Small C-band positive heterochromatic seg-
ments were present at the centromeres of almost all chro-
mosomes of both males (not shown) and females
(Figure 2). The long arm of the Z chromosomes and the
whole W chromosome were entirely C-band positive; the
short arms of the chromosome pair 19 were also almost en-
tirely C-band positive (Figure 2).

FISH with 18S rDNA probe showed that the 18S
rDNA sites were distributed over nine chromosomes pairs
(pairs 1,6,7,11,12,18, 19,20 and 21; Figures 3 and 4): 1.)
at the end of the long arm of the W chromosome (pair 1); 2.)
on the long arm of a small-sized metacentric chromosome
(pair 6); 3.) on both chromosome arms of a small-sized
metacentric pair (pair 7); 4.) on the long arm of two large
sub-metacentric pairs (pairs 11 and 12); 5.) on the long arm
of a small sub-metacentric pair (pair 18); 6) on the short
arm of the two largest subtelocentric chromosomes (pairs
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Figure 3 - Chromosome metaphase spreads of Triportheus venezuelensis.
FISH probed with 18S rDNA. The original colors were artificially trans-
formed. Arrows indicate the detected loci.

19 and 20), 7) and on both arms of a large subtelocentric
chromosome pair (pair 21). Chromosome pairs 6 and 7, as
well as 20 and 21, were very similar, differing only by the
presence of additional 18S sites on the pairs 7 and 21 (Fig-
ure 4).

Silver-staining showed that the number of chromo-
somes with Ag-NORs was usually lower than the number
of chromosomes with 18S rDNA regions (Table 1). The
chromosomes with positive signals after silver-staining
were pairs 6, 11, 12, 18 and 19 (Table 1). The most fre-
quently observed chromosome pair with positive Ag-NORs
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Figure 2 - C-banded karyotype of a female Triportheus venezuelensis. Bar = 10 pm.
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Figure 4 - Ideogram representing the physical mapping of 18S rDNA
genes (indicated as black dots) in the chromosomes of Triportheus
venezuelensis.

was pair 19, identified in 81% of the specimens analyzed (6
females and 7 males), which was the only active pair in
50% of the fish analyzed (2 females and 6 males).

Sequential silver-staining and FISH probing demon-
strated that: 1.) positive NOR sites usually correspond to
segments with 18S rDNA sites; 2.) several 18S rDNA sites
were not silver-stained, suggesting that they do not corre-
spond to active NORs; and 3.) some chromosomes with
positive silver-signals do not display the presence of 18S
rDNA sites (see Table 1, specimens 3, 6 and 9 and
Figure 5).

Discussion

Previous cytogenetic studies on Triportheus have
shown that all species possess a chromosome complement
of 2n = 52 and a ZZ/ZW heteromorphic sex chromosome
system (Bertollo and Cavallaro, 1992; Sanchez and Jorge,
1999; Artoni et al., 2001; Artoni and Bertollo, 2002). We
confirmed this in 7" venezuelensis, reinforcing the hypothe-
sis that this group represents a monophyletic unit in the
Characidae (Malabarba, 2004).

The Z chromosome of 7. venezuelensis displayed an
entirely C-band positive longer arm, a characteristic not yet
described in other Triportheus species (Artoni ef al., 2001).
The W chromosome was C-band positive throughout all its
length, similar to what has been reported for other
Triportheus species (Artoni et al., 2001), with small differ-
ences in the extension of the distribution of C-band positive
segments. The heterochromatinization of the W chromo-
some in the Triportheus is thought to be associated with a
reduction in the size of this chromosome during the evolu-
tion of the ZW sex chromosome system (Bertollo and
Cavallaro, 1992; Artoni ef al., 2001), but a robust phylog-
eny to test this hypothesis is still lacking for the group. The
presence of an entirely C-heterochromatin positive W chro-
mosome has also been reported in Characidium gomesi
(Maistro et al., 2004) and C-heterochromatin positive seg-
ments associated with W or Y chromosomes have been de-
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Table 1 - Distribution of Ag-NOR-bearing chromosomes and 18S
rDNA-bearing chromosomes in specimens of Triportheus venezuelensis.
Chromosomes are identified as in Figure 4.

Animal Chromosome with Chromosome with
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scribed in several fish species, reinforcing the possible im-
portant role of heterochromatinization in sex chromosome
development in lower vertebrates (Almeida-Toledo et al.,
2000; Devlin and Nagahama, 2002).

In the karyotypes of representatives of the genus
Triportheus, the presence of only one pair of NOR-bearing
elements ( e.g. pair 18) has been reported by Artoni and
Bertollo (2002), a characteristic that was considered
evolutionarily conserved in the genus. However, extensive
cytogenetic screening in Triportheus guentheri by Bertollo
and Cavallaro (1992) has shown that although 7. guentheri
karyotype usually had one Ag-NOR-bearing chromosome
pair additional signals were occasionally observed on a sec-
ond autosomal pair and on the Z chromosome. Our study
showed that the T. venezuelensis specimens displayed a
very conspicuous polymorphism associated with the num-
ber of major rDNA sites. The combination of silver-
staining and 18S rDNA FISH showed that one chromo-
some pair (probably pair 19) nearly always had the Ag-
positive NORs in this species. However, other chromo-
some pairs also had Ag-positive NORs, and some had 18S
rDNA sites but did not display positive signals after sil-
ver-staining.
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Figure 5 - Metaphases of Triportheus venezuelensis sequentially stained
with the FISH technique using an 18S rDNA probe (a, c, e - the original
colors were artificially transformed) and with the Ag-NOR technique (b,
d, ). Arrows point active Ag-NOR. Asterisks show segments identified
with the 18S rDNA probe and not stained in the silver staining experi-
ments.

Studies conducted in fishes have shown that in some
species, e.g. Lepisosteus osseus (Rab et al., 1999), with
only one Ag-NOR-bearing chromosome pair, the FISH
technique using 18S or 28S sequences usually stains the
same chromosome pair. Nevertheless, the presence of a
number of major ribosomal cistrons identified by the FISH
technique using 18S or 28S sequences higher than that ob-
served with the Ag-NOR technique are more common, hav-

ing been reported in Salmo truta (Pendas et al., 1993),
Astyanax  scabripinnis  (Ferro et al, 2001),
Hyphessobrycon anisitsi (Centofante et al., 2003),

Prochilodus lineatus (Jesus and Moreira-Filho, 2003),
Colossoma macropomum, Piaractus brachypomus and its
interspecific hybrids (Nirchio ez al., 2003), and Lebias
fasciata (Tigano et al., 2004). These differences have been
attributed to the presence of NORs that are usually unex-
pressed.

Recent studies conducted with human and chimpan-
zee cells showed that three mechanisms produce inactiva-
tion of NORs: 1.) elimination of rDNA; 2.) DNA
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methylation; and 3.) gene silencing due to positional effects
induced by heterochromatin (C-bands) and/or telomeres
(Guillén et al., 2004). Our results suggest that in T.
venezuelensis the elimination of rDNA sequences is the
most frequent rearrangement involved in NOR inactiva-
tion. Gene silencing due to positional effects does not seem
to occur, since the more common pair of chromosome with
active NORs is pair 19, which has a conspicuous C-band
positive segment in the same position as the NORs. The oc-
currence of DNA methylation was not investigated in our
present study.

An unusual finding in our study was the presence of
putative active NORs that were not detected by the FISH
technique. One hypothesis to explain these data is that sil-
ver might be staining proteins not related to NORs, the ex-
istence of some nuclear proteins with silver-affinity have
been reported by several authors (Sumner, 1990; Dobigny
et al., 2002). However, the chromosomes with Ag-NORs-
stained in the specimens 3, 6 and 9 were usually found to
bear 18S genes in the other specimens, leading to an alter-
native hypothesis suggesting that specimens 3, 6 and 9
might have a very small copy number of major NOR genes
not detectable with FISH but observable after intense tran-
scription or as a result of gene amplification. If this second
hypothesis is correct, the use of the silver-staining tech-
nique to study NORs may be more important than is cur-
rently believed.
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