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Abstract The karyotypic and chromosomal characteris-

tics of the hatchetfish Thoracocharax stellatus from the

Araguaia River, Brazil (Araguaia-Tocantins basin) were

analyzed using Giemsa, AgNO3, and CMA3 fluorescent

staining, and C-banding. The diploid chromosome number

was 54 and the karyotypes of females and males were

composed of six metacentrics, six submetacentrics, six

subtelocentrics and 36 acrocentrics. Two unpaired acro-

centric chromosomes were detected in the female

karyotype. C-banding showed heterochromatic blocks at

several chromosomes and an entirely heterochromatic

acrocentric chromosome in females that was lacking in the

male karyotype. This discovery indicated a heteromorphic

sex chromosome system of the ZZ/ZW type. Ag-staining

and CMA3 fluorescence revealed one major chromosome

pair bearing the NORs with the presence of additional

signals in some metaphases. Both heterochromatic

segments associated with Ag-NORs and the W chromo-

some were positively stained by CMA3. Considering the

present data and previous findings it is hypothesized that

the occurrence of ZW sex chromosome system is wide-

spread in the genus Thoracocharax.
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Introduction

Gasteropelecidae (hatchetfishes) is a small freshwater fish

family composed by three genera and nine species (Weitzman

and Palmer 2003). Members of this family are commercially

collected for the aquarium trade and about one million of units

are sold every year in Brazil. Cytogenetic data available for

gasteropelecids are restricted to the description of haploid

number of Carnegiella strigata with n = 25–26 chromosomes

(Hinegardner and Rosen 1972) or with n = 24 chromosomes

(Scheel 1973) and Gasteropelecus sternicla with n = 27

chromosomes (Scheel 1973), and the karyotype of Thoraco-

charax cf. stellatus from the Amazon basin that presented

2n = 52 chromosomes with the presence of a ZW sex chro-

mosome system (Carvalho et al. 2002).

Although extensive karyotype diversity has been reported

in the Neotropical fish fauna the occurrence of sex chro-

mosomes is relatively rare and observed in about 5% of the

species karyotyped (Oliveira et al. 2007), thus the occur-

rence of a ZW sex chromosome system in Thoracocharax

cf. stellatus (Carvalho et al. 2002) represents an interesting

starting point to investigate the distribution of this type of sex

chromosomes in other gasteropelecids. In the present paper

we investigated the karyotype of Thoracocharax stellatus

(Kner, 1858) from the Araguaia River (Araguaia-Tocantins

basin) with the aim to increase the cytogenetic data for the

family and to evaluate the importance of chromosome

rearrangements, including sex chromosome differentiation,

in the evolution of gasteropelecids.

Materials and methods

Mitotic chromosomes of T. stellatus (nine females and

eight males) collected in the Araguaia River, Mato Grosso,

P. C. Venere (&) � I. L. Souza

Instituto Universitário do Araguaia, Universidade Federal

de Mato Grosso, Pontal do Araguaia, MT 78698-000, Brazil

e-mail: pvenere@uol.com.br

C. Martins � C. Oliveira

Departamento de Morfologia, Instituto de Biociências,

Universidade Estadual Paulista, Botucatu, SP 18618-000, Brazil

123

Genetica (2008) 133:109–112

DOI 10.1007/s10709-007-9194-x



Brazil were studied. The fishes were identified and voucher

specimens were deposited in the fish collection of the

Ichthyology Laboratory of the Departamento de Ciências

Biológicas e da Saúde, Instituto Universitário do Araguaia,

UFMT, Mato Grosso, Brazil (ICLMA 015). Chromosome

preparations were obtained from kidney cells, by direct

(Bertollo et al. 1978) and short-term culture methods

(Fenocchio et al. 1991), and analyzed after conventional

and differential staining. The chromosomes were classified

as metacentric (M), submetacentric (SM), subtelocentric

(ST) or acrocentric (A), as frequently used on fish karyo-

type descriptions following the ratios proposed by Levan

et al. (1964). NORs (Nucleolus Organizer Regions) were

identified by silver staining (Ag-NORs), as described by

Howell and Black (1980). C-banding and Chomomycin A3

(CMA3) staining were performed according to Sumner

(1972) and Schmid (1980), respectively. Sequential CMA3,

C-banding and Ag-NOR staining was also performed.

Results

The diploid number of T. stellatus was 2n = 54 chromo-

somes for both sexes. The karyotypes of females and

males were composed of 6 M, 6 SM, 6 ST and 36 A

chromosomes (Fig. 1). The Ag-NORs were observed on

the long arm of pair 15 with the presence of additional

sites on the long arm of one medium sized acrocentric

chromosome pair (Figs. 2a, b). The constitutive hetero-

chromatin was distributed over several chromosomes, in

pericentromeric and mainly in terminal positions (Fig. 2c).

The long arms of chromosome pair 15 (Ag-NORs-bearing)

revealed a conspicuous heterochromatic block (Fig. 1).

Additionally, only one medium-sized acrocentric chro-

mosome, almost entirely heterochromatic, was observed in

the female karyotype, characterizing a W chromosome in

this species. Male karyotypes present two acrocentric

chromosomes with a large heterochromatic pericentro-

meric segment, while the remaining portion of the short

arm is euchromatic (Fig. 1). The correspondence among

Ag-NOR, C-banding and CMA3 signals were determined

after sequential treatment of metaphases.

Discussion

The only common characteristic identified in all cytoge-

netic studies on Gasteropelecidae is the occurrence of a

large number of subtelocentric and acrocentric chromo-

somes (Hinegardner and Rosen 1972; Scheel 1973;

Carvalho et al. 2002; present paper). This result is quite

surprising since extensive studies in Neotropical characi-

form families have shown that these usually have more

metacentric and submetacentric chromosomes (Oliveira

et al. 2007).

The presence of 2n = 54 in T. stellatus from the

Araguaia-Tocantins basin is also interesting, since the

sample identified as T. cf. stellatus from the Amazon basin

exhibited 2n = 52 chromosomes (Carvalho et al. 2002).

The occurrence of this conspicuous chromosome differ-

entiation between both samples suggests that they are

isolated and possibly represent different species.

The occurrence of Ag-NORs on the long arms of a

chromosome pair (sometimes up to four chromosomes) of

T. stellatus (present paper) reinforces the hypothesis that

this sample is different from the sample of T. cf. stellatus

from the Amazon River basin that presented Ag-NORs in a

terminal position of the short arms of a subtelocentric

chromosome pair (Carvalho et al. 2002). The analysis with

CMA3 showed that the heterochromatic segments associ-

ated with Ag-NORs and the W chromosome were

positively stained suggesting the presence of a high number

of GC bases in these chromosomes.

Besides the remarkable karyotypic differences identified

between the samples of T. stellatus (present paper) and

T. cf. stellatus (Carvalho et al. 2002), one additional

difference was identified in relation to the sex chromo-

somes. Although both species share a ZZ/ZW system, in

T. cf. stellatus from the Amazon basin the W chromosome

is a very small acrocentric almost entirely heterochromatic,

while in the T. stellatus from the Araguaia-Tocantins

River basin the W is a medium-sized acrocentric fully

heterochromatic.

The evolutionary process of the sex chromosomes seems

to follow independent models in different fish groups.

Thus, in some species of Poeciliidae and Hypoptopomati-

nae, the cytological differentiation of the sex chromosomes

appears to be limited to the accumulation of heterochro-

matic segments. In other cases, such as in the classical

ZZ/ZW described for various Leporinus species, an initial

heterochromatinization seems to have been followed by a

process of accumulation of heterochromatic segments, with

the consequent increase in the size of the W sex chromo-

some in relation to the original homologues (for review,

Venere et al. 2004). The occurrence of almost entirely

heterochromatic W chromosomes in T. cf. stellatus

(Carvalho et al. 2002) and T. stellatus (present paper)

suggests that in the genus Thoracocharax the development

of the W chromosome occurred by the accumulation of

heterochromatin in these chromosomes.

Considering that T. stellatus is widely distributed

throughout the Amazon and Orinoco basins (Weitzman and

Palmer 2003) and strong barriers to their movements (like

waterfalls) are not found in their distribution range, the

cytogenetic differences found could be originated by a

mechanism of distance isolation or, alternatively, be due
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historical events. The Araguaia-Tocantins river system

where the present sample of T. stellatus were collected

belongs to the Amazon Basin, however, this hydrographic

system differ from other systems in Amazon because it

flows directly in the estuary besides the Marajó Island

experiencing a strong influence of Atlantic Ocean while the

other river systems flow in the Solimões-Amazon Rivers.

Although many species found in the Araguaia-Tocantins

river system are also present in other Amazon rivers this

hydrographic particularity is reflected in its fish fauna with

many endemic species (Santos et al. 2004; Kullander and

Ferreira 2006). Thus, the cytogenetic differences observed

Fig. 1 Female (a, c) and male

(b, d) karyotype of T. stellatus
arranged from conventionally

Giemsa stained (a, b) and

C-banded (c, d) chromosomes
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between the samples of T. stellatus (present paper) and

T. cf. stellatus (Carvalho et al. 2002) may represent an

additional example of species differentiation in the

Araguaia River.

Eigenmann (1910) suggested that the fishes of the

family Gasteropelecidae could constitute the sister group of

the characid subfamilies Triportheinae and Cynodontidae.

On the other hand, Weitzman (1960) suggested that the

morphological similarity among Gasteropelecidae, Tri-

portheinae and Cynodontidae might represent only an

adaptive convergence. The presence of a ZZ/ZW sex

chromosome system in Thoracocharax and in all species of

Triportheus karyotyped (Artoni and Bertollo 2002; Nirchio

et al. 2007), mainly the occurrence of an entirely hetero-

chromatic W chromosome in Triportheus venezuelensis

(Nirchio et al. 2007), reinforces the hypothesis that the

family Gasteropelecidae may be related to the genus

Triportheus. Additionally, heterochromatinization of the W

chromosome in Thoracocharax seems to be associated with

a reduction in its size during the evolution of the ZW sex

system, as suggested for Triportheus (Artoni and Bertollo

2002; Nirchio et al. 2007). Additional cytogenetic studies

in different samples of Thoracocharax and other genera of

Gasteropelecidae will be very useful for a better known

about species and chromosome differentiation in this

family.
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Fig. 2 Ag-NORs (a, b) and

CMA3 fluorescence (c) staining

of metaphasic chromosomes of

T. stellatus. The arrows indicate

a single Ag-NOR bearing

chromosome pair (a), multiple

Ag-NOR sites (b) and the Z and

W chromosomes (c). The

arrowhead indicates the GC-rich

heterochromatin corresponding

to Ag-NOR sites (c). (a) and (b)

are partial metaphases
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