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Abstract

The chromosomes of specimens from four Hoplias malabaricus populations from headwaters of adjacent river
basins at Ponta Grossa, southern Brazil, were investigated using differential staining techniques (C-banding, AgNO3

and CMA3) and fluorescent in situ hybridization (FISH) with an 18S rDNA probe. The diploid chromosome number in
representatives of all four populations was invariably 2n = 42, with karyotypes composed of 12 pairs of metacentrics
and 9 pairs of submetacentrics, without heteromorphic sex chromosomes. This kind of karyotype represents
cytotype A in regard to cytotypes identified previously in H. malabaricus, exhibiting however, at the same time, some
differences in the distribution of constitutive heterochromatin segments and in the locations of nucleolus organizer
regions (NORs). The apparent karyotype similarity strongly suggests a close kinship among the studied populations,
but the small differences detected in the examined chromosomal markers indicate some evolutionary divergence
due to gene flow restriction among them.
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Introduction

The family Erythrinidae includes three genera,

namely Erythrinus, Hoplerythrinus and Hoplias, with

broad geographic distribution. Hoplias malabaricus, for

example, is distributed from the north to the south of Brazil,

Uruguay, Argentina and Suriname. The erythrinids are

fishes that, in general, possess karyotype variations of evo-

lutionary interest (Bertollo et al., 2000; Giuliano-Caetano

et al., 2001; Diniz and Bertollo, 2003). H. malabaricus has

been found as a species with diversified karyotypes, espe-

cially for heteromorphic sex chromosome systems. Ac-

cording to a recent review, seven main cytotypes (A, B, C,

D, E, F and G) were identified within this taxon, where evi-

dence of absent gene flow suggests a case of species com-

plex, i.e., several cryptic species recognized until now

under a single name (Bertollo et al., 2000).

Three cytotypes were already described with the dip-

loid number of 42 chromosomes, denoted A, B and E

(Bertollo et al., 2000; Born and Bertollo, 2001). Cytotypes

A and B possess only bi-armed chromosomes, and cytotype

B differs from cytotype A by the presence of an XX/XY sex

chromosome system. Yet, cytotype E displays a distinct

karyotype structure, i.e., the presence of a pair of

acrocentric (a) chromosomes, an uncommon feature in this

group. Cytotype B was found in three Brazilian locations:

in the Juquiá River, an affluent of the Ribeira River, at

Juquiá, State of São Paulo, in isolated lakes of the “Parque

Florestal do Rio Doce” in the State of Minas Gerais, and in

the first “plateau” of the Iguaçu River basin, in the vicinity

of Curitiba city, State of Paraná (Bertollo et al., 1979; Born

and Bertollo, 2000; Bertollo et al., 2000; Lemos et al.,

2002). Cytotype E was found only in the Trombetas River,

at Porto Trombetas, State of Pará, while cytotype A was

broadly distributed all throughout Brazil, mainly in the

southern and southeastern regions (Bertollo et al., 2000).

Comparative karyotype studies on H. malabaricus

usually refer to populations of different hydrographic bas-

ins (Bertollo et al., 2000; Born and Bertollo, 2001) or to the

co-occurrence of sympatric populations (Scavone et al.,

1994; Lopes et al., 1998; Maniglia et al., 2000; Bertollo et

al., 2000), but headwater habitats, which generally contain
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non-migratory populations and a smaller diversity, have

been little explored for this fish group.

Headwaters of important rivers are found in the Ponta

Grossa region (State of Paraná), namely of the Tibagi, Ivaí

and Iguaçu Rivers, all belonging to the Higher Paraná Ba-

sin, and the Ribeira River, representative of the East Basin.

Despite their close geographical locations, all these rivers

are isolated by some geographic condition.

This study reports on the karyotypes of H.

malabaricus specimens from four headwater parts of the

Tibagi, Ivaí and Iguaçu Rivers (Higher Paraná Basin), and

of the Ribeira River (East Basin), analyzed by means of dif-

ferential staining techniques (C-banding, AgNO3 and

CMA3) and fluorescent in situ hybridization (FISH) with an

18S rDNA probe, to detect possible evolutionary patterns

and distribution concerning the biogeography of this spe-

cies.

Material and Methods

Samples and chromosome preparation

One hundred and thirteen Hoplias malabaricus speci-

mens were cytogenetically analyzed: 22 males and 12 fe-

males from the Iguaçu River (Palmeira, State of Paraná), 17

males and 16 females from the Tibagi River (Ponta Grossa,

State of Paraná), 15 males and 14 females from the Ivaí

River (Ivaí, State of Paraná), and 9 males and 8 females

from the Ribeira River (Ponta Grossa and Castro, State of

Paraná, and Pariquera-Açu, State of São Paulo) (Figure 1).

Metaphase chromosomes were obtained from kidney

cells, after in vivo treatment with colchicine and conven-

tional air-drying preparation (Bertollo et al., 1978).

Chromosome banding

Constitutive heterochromatin was detected by the

C-banding method (Sumner, 1972). Nucleolus organizing

regions (NORs) were stained with silver nitrate (Howell

and Black, 1980) and by the GC-specific fluorochrome

chromomycin A3 (CMA3), and counterstained with

distamycin (Schweizer, 1976).

FISH

The location of the ribosomal cistrons on the chromo-

somes was detected using fluorescent in situ hybridization

with an 18S rDNA probe, obtained by PCR from the nu-

clear DNA of the fish Prochilodus marggravii (Hatanaka,

2000) using the primers NS1 5’- GTAGTCATATGCT

TGTCTC - 3’ and NS8 5’- TCCGCAGGTTCACCTAC

GGA - 3’ (White et al., 1990). The probe was labelled with

16-dATP biotin by “nick translation”, according to the

manufacturer’s instructions (Bionick Labelling System -

Gibco BRL). The chromosomes were treated with RNAse

(40 µg/mL in 2xSSC) at 37 °C for one hour and with pepsin

(0.005% in 10 mM HCl) at 37 °C for 10 min, and then dena-

tured in 70% formamide/2xSSC at 70 °C for 5 min. The hy-

bridization solution consisted of 50% formamide, 2xSSC,

dextran sulphate (10%) and the denatured probe

(200 ηg/µL). After overnight hybridization at 37 °C, the

slides were washed in 50% formamide at 42 °C for 20 min,

0.1xSSC at 60 °C for 15 min, and 4xSSC 0.05%. Tween at

room temperature for 10 min, the latter consisting of two

5-min washes. The hybridization signal was detected using

conjugated avidin-fluorescein (FITC) and biotinilated

anti-avidin antibody. The chromosomes were counter-

stained with propidium iodide (50 µg/mL) and analyzed

with an Olympus BX50 epifluorescence microscope. The

chromosome images were captured with the use of

CoolSNAP-Pro software (Media Cybernetic).

Chromosome analysis

For determination of the diploid number, nearly thirty

metaphases were analyzed for each specimen; those with

better quality were used for karyotyping. The chromo-

somes were classified as metacentric (m) or submetacentric

(sm), according to their arm-ratios (Levan et al., 1964).

Results

Karyotype

All specimens of the four populations (Iguaçu, Ti-

bagi, Ivaí and Ribeira Rivers) possessed invariably 2n = 42

chromosomes in both sexes, fundamental number (FN) 84.

The karyotypes, composed of 12 pairs of m and 9 pairs of

sm chromosomes (Figure 2), showed no variability, and

there were no morphologically differentiated sex chromo-

somes.

C-banding and chromomycin A3-staining

All chromosomes contained C-positive hetero-

chromatic segments in the centromeric/pericentromeric re-

gion and, in several pairs of chromosomes, also in the
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Figure 1 - Map of Brazil showing the collection sites of Hoplias

malabaricus in the states of São Paulo and Paraná: (a) Ribeira, (b) Tibagi,

(c) Ivaí, and (d) Iguaçu Rivers.



telomeric region; no or negligible inter-population differ-

ences were observed (Figure 3). In the specimens from the

Tibagi, Ivaí and Iguaçu Rivers, the most evident telomeric

blocks were detected in chromosome pairs n. 6, 10, 15, and

21. Yet, in the specimens from the Ribeira River popula-

tion, the chromosome pairs with more conspicuous

telomeric segments were n. 3, 10, 15, 19, and 21, besides

some other less evident ones. The heterochromatic block

situated near the centromeric region of the long arm of pair

n. 16 was the only C-positive heterochromatic GC-DNA-

rich band visualized by CMA3 (Figure 4), of polymorphic

nature in the specimens from the Iguaçu River population

(Figure 7a,b). In the specimens from the Tibagi, Ivaí and

Ribeira Rivers, this region was always homomorphic.

Nucleolus organizing regions

The NORs, visualized by silver nitrate staining (i.e.,

Ag-NORs), were situated in the telomeric region of some

chromosome pairs, showing a variation in number. Thus, in

the specimens from all four populations, they were ob-

served on the long arm of the sm chromosome pair n. 21

and on the m chromosome pair n. 10. In addition to those,
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Figure 2 - Karyotypes of Hoplias malabaricus from the Ribeira (a),

Tibagi (b), Ivaí (c), and Iguaçu (d) populations (conventional Giemsa

staining). Bar equals 5 µm.

Figure 3 - Karyotypes of Hoplias malabaricus from the Ribeira (a),

Tibagi (b), Ivaí (c), and Iguaçu (d) populations (C-banding). Bar equals

5 µm.



chromosome pair n. 10 of the specimens from the Tibagi,

Ivaí and Iguaçu River populations had also another

telomeric signal, indicating the presence of Ag-NORs at the

telomeres of both arms, i.e., a bi-telomeric NOR phenotype

(Figure 5). Moreover, in the specimens from the Iguaçu

River, only one of the homologues of the sm pair n. 16

sometimes showed an Ag-NOR signal proximal to the

centromere, overlapping the heterochromatin present in

this same region. FISH, with an 18S rDNA probe, con-

firmed the presence of major ribosomal sites in pairs n. 10,

16 and 21 in all populations (Figure 6). The rDNA site on

pair n. 16 was homomorphic in the specimens from the

Tibagi, Ivaí and Ribeira Rivers, but polymorphic in the

specimens from the Iguaçu River (Figures 6, 7c). Addi-

tionally, in the specimens from the Ivaí and Iguaçu River

populations, a second pair of m chromosomes had

telomeric 18S rDNA sites (Fig. 6c,d).

Discussion

The karyotype of H. malabaricus has been analyzed

throughout the geographic distribution of this probable spe-

cies complex. Seven discriminated cytotypes have been

found, representing very distinct chromosomal units, some

even with heteromorphic sex chromosome systems (Ber-

tollo et al, 1983; Dergam and Bertollo, 1990; Bertollo et al,

1997 a, b; Bertollo and Mestriner, 1998; Born and Bertollo,

2000), pending a taxonomic revision of this fish group.
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Figure 4 - Metaphases of Hoplias malabaricus from the Ribeira (a), Tibagi (b), Ivaí (c), and Iguaçu (d) populations stained with chromomycin A3. The ar-

rows indicate the bright fluorescent bands that correspond to GC-DNA-rich segments located on chromosome pair n. 16.



Comparative cytogenetics of H. malabaricus speci-

mens from the Ribeira, Tibagi, Ivaí and Iguaçu Rivers did

not show major differences regarding their karyotype struc-

ture. The specimens from these four populations belonged

all to cytotype A, with 2n = 42 chromosomes and no appar-

ent heteromorphic sex chromosomes (Bertollo et al., 2000).

Their identical karyotype composition (24m and 18 sm; NF

= 84) strongly indicates phylogenetic kinship. However,

minor differences related to the presence and/or absence of

C-positive heterochromatic segments, as well as to the

number of NORs, suggest some karyotypic divergence be-

tween the populations studied.

In H. malabaricus, the heterochromatin has usually

been located in the centromeric/pericentromeric region of

all chromosomes and in the telomeric region of some pairs.

This is an apparently ubiquitous situation among the popu-

lations (Dergam and Bertollo, 1990; Haaf et al., 1993;

Bertollo et al., 1997 a,b; Born and Bertollo, 2000), that was

also documented in the present work. We point out espe-

cially the polymorphic variation observed in the sm pair n.

16 in the specimens from the Iguaçu River population, al-

ready analyzed by Vicari et al. (2003), where the hetero-

chromatic region in the long arm, close to the centromere,

coincides with a NOR site and is rich in GC-DNA (i.e.,

CMA3 - positive).
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Figure 5 - Metaphases of Hoplias malabaricus from the Ribeira (a), Tibagi (b), Ivaí (c), and Iguaçu (d) populations stained with silver nitrate, showing

the variability of the Ag-NOR sites. Arrows and arrowheads indicate the bi-telomeric NOR phenotype and the telomeric NORs, respectively.



Heterochromatic segments that are coincident with or

adjacent to NOR regions are usually found in fish species. It

is interesting that, in the neotropical genera Leporinus,

Tryportheus and Hoplias, sex chromosomes can also bear

such kind of association (Molina et al., 1998; Artoni et al.,

1999; Born and Bertollo, 2000; Artoni and Bertollo, 2000).

In the H. malabaricus cytotype B, the X chromosome has

an rDNA site in the distal region of its long arm (Born and

Bertollo, 2000). This chromosome and chromosome pair n.

16 of the populations analyzed here appear to be

homeologous (Vicari et al., 2003). The occurrence of 18S

ribosomal cistrons associated with GC-DNA-rich

heterochromatin in both chromosomes reinforces their

probable relatedness. Vicari et al. (2003) suggested a possi-

ble role of this segment with repetitive DNA in the evolu-

tion of the heteromorphic XX/XY sex chromosome system

of the H. malabaricus cytotype B, as previously proposed

by Reed and Phillips (1997) for Salmonidae fishes. How-

ever, this hypothesis remains to be demonstrated.

Multiple telomeric NOR phenotypes are commonly

found in H. malabaricus (Bertollo, 1996; Born and

Bertollo, 2001). The specimens from the populations of the

Tibagi, Iguaçu, Ivaí and Ribeira Rivers fit the same pattern.

At least 8 NOR sites were confirmed by FISH in the speci-

mens from the Ribeira and Tibagi River populations and 10

sites in those from the Ivaí and Iguaçu River populations. In

all these populations, the NOR-bearing chromosomes ap-

peared to be homologous (except for the additional pair
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Figure 6 - Metaphases of Hoplias malabaricus from the Ribeira (a), Tibagi (b), Ivaí (c), and Iguaçu (d) populations, showing fluorescent in situ hybrid-

ization with 18S rDNA probe. Arrows and arrowheads indicate the bi-telomeric NOR phenotype and the telomeric NORs, respectively.



present only in the specimens from the Ivaí and Iguaçu pop-

ulations), with a metacentric pair showing a bi-telomeric

NOR phenotype. Bi-telomeric NOR phenotype has been

found only rarely among fishes, and the mechanism of its

origin remains to be understood. Few groups, such as

Pyrrhulina cf australis (Oliveira et al., 1991) and Poecilia

latipunctata (Galetti Jr. and Rasch, 1993), possess such a

NOR phenotype. In H. malabaricus, however, this pheno-

type occurs as a fixed feature, having been found in many

populations among different cytotypes (Bertollo, 1996).

Among the Erythrinidae, the genus Erythrinus also has a

bi-telomeric NOR phenotype (Bertollo, unpublished data),

suggesting a plesiomorphic nature for Erythrinus and

Hoplias.

In H. malabaricus, variations in the number of

Ag-NORs have usually been attributed to transcriptional

regulatory mechanisms (Bertollo, 1996; Born and Bertollo,

2001). Indeed, the specimens from the Ribeira River popu-

lation, with no bi-telomeric Ag-NORs, seem to possess a

different mechanism concerning the activation of these

sites, when compared to the specimens from the Tibagi,

Ivaí and Iguaçu River populations. However, the presence

of an extra NOR-bearing m pair of chromosomes in the

specimens from the Ivaí and Iguaçu River populations re-

flects a structural, not functional, difference in these popu-

lations, since FISH did not detect these loci in the

specimens from the Tibagi and Ribeira River populations.

Besides, the ribosomal sites on chromosome pair n. 16 are

homomorphic for the specimens from the Tibagi, Ivaí and

Ribeira River populations, and polymorphic for the speci-

mens from the Iguaçu population, the latter probably repre-

senting a condition derived from the former.

Bertollo et al. (1979) described an XX/XY sex chro-

mosome system in H. malabaricus (2n = 42) from the

Juquiá River, an affluent of the Ribeira River, correspond-

ing to cytotype B. However, the specimens from the three

localities of the Ribeira River analyzed in the present study

did not possess morphologically differentiated sex chromo-

somes. Thus, it is possible that sympatric bearers of

cytotypes A and B occur in the Ribeira River basin, as seen

in other hydrographic basins (Bertollo et al., 2000).

In conclusion, the H. malabaricus populations ana-

lyzed here show a karyotype identity that indicates a strong

relationship between them. The identical karyotype is

shared with other populations of the same cytotype (A), in

different Brazilian basins and regions (Born and Bertollo,

2002). However, some minor karyotype differences point

to distinct evolutionary histories among the populations, as

a consequence of a restricted gene flow. Such divergences

manifest themselves in structural terms, by C-bands and

NOR numbers, and in functional terms, by a differential ex-

pression of the NORs.
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