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ABSTRACT
The family Parodontidae is a small group of fish that has distinct morphological differences. 
Despite its conserved diploid number, structural cytogenetic polymorphisms involving sex 
chromosomes are commonly described in this group. Conversely, reports on numerical 
polymorphisms owing to the occurrence of supernumerary chromosomes are rare. To better 
understand the karyotype evolution of this group, we analyzed specimens of Parodon nasus 
collected in the Três Bocas/PR stream, applying different cytogenetic techniques. All individuals 
presented 54 meta-submetacentric chromosomes, except for three females, which exhibited 
structural polymorphism. The NOR occurred on a pair of submetacentric chromosomes. 
Heterochromatin was distributed in some pericentromeric areas, predominating in the terminal 
regions. We detected B microchromosomes in four of the collected individuals, which were 
heterochromatic and bearers of 18S rDNA sites. This work deals with the first description of 
these chromosomes in the family Parodontidae. The results indicate that, despite the conserved 
diploid number, this group of fish presents a more divergent karyotypic evolution, involving 
chromosome rearrangements in its karyotypic structure.

Introduction

B chromosomes, also known as supernumerary or acces-
sory chromosomes, are apparently dispensable genetic 
material that do not follow Mendel’s law of segregation 
and are present in some individuals from some popu-
lations in some species. These chromosomes probably 
originated from the A complement, but followed a dis-
tinct evolutionary path, being found in different groups 
of plants and animals (Camacho et al. 2000).

In Neotropical fish, the occurrence of B chromosomes 
has been reported in 61 species distributed in 16 families 
from seven different orders. Characiformes is the group 
that comprises most species that present this genetic 
material (50.82%), with 31 species distributed into six 
families (Carvalho et al. 2008).

Among the families of the order Characiformes, 
which have already had descriptions of supernumerary 
chromosomes, the family Parodontidae is the group with 
the least frequency of occurrence, presenting a single 
report of an extra chromosome in one individual of the 
species Apareiodon piracicabae (Falcão et al. 1984).

Unlike the occurrence of B chromosomes, rarely 
reported in the family Parodontidae, structural chro-
mosomal abnormalities and deviations related to the 
presence of sex chromosomes are significantly recurrent. 

Some studies have described multiple sex chromo-
some systems of the type ZZ/ZW1W2 in Apareiodon 
affinis (Moreira-Filho et al. 1980; Jesus et al. 1999; 
Jorge and Moreira-Filho 2000; Bellafronte et al. 2011; 
Leite and Maistro 2004). On the other hand, Rosa et al. 
(2006) described single systems of the type ZZ/ZW in 
Apareiodon vladi; Vicari et al. (2006) in Apareiodon sp.; 
Jesus and Moreira-Filho (2000) in Parodon hilarii; and 
Centofante et al. (2002) in Parodon moreirai.

This study aims to investigate the karyotype and 
occurrence of chromosomal polymorphism in a popu-
lation of Parodon nasus, utilizing different chromosome 
banding techniques, thereby contributing more infor-
mation to improve the understanding of the karyotype 
evolution in the family Parodontidae.

Material and methods

Were analyzed nine females and seven males of Parodon 
nasus, collected in Três Bocas river, Londrina, Paraná, 
Brazil (23°23′7.25ʺS, 51°4′35.04ʺW), Paranapanema 
river basin (Figure 1). The samples were collected with 
the permission of Instituto Brasileiro do Meio Ambiente 
e dos Recursos Naturais Renováveis (IBAMA), proto-
col number 11399–1. Specimens were deposited in the 
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Museum of the Núcleo de Pesquisas em Limnologia, 
Ictiologia e Aquicultura of the Universidade Estadual 
de Maringá (NUPELIA-UEM).

Mitotic chromosomes were obtained by direct prepa-
ration after removal of the anterior kidney, as described 
by Bertollo et al. (1978). The chromosomes were organ-
ized in metacentric (m) and submetacentric (sm) accord-
ing to Levan et al. (1964) to determine the fundamental 
number (FN) and were considered biarmed.

The distribution of heterochromatin was analyzed by 
C-banding (Sumner 1972). Silver nitrate staining of the 
active nucleolar organizer regions (AgNOR) was per-
formed according to the method of Howell and Black 
(1980). The GC- and AT-rich bands were detected 
with chromomycin A3 (CMA3) and 4′-6-diamino-2- 
phenylindole (DAPI), respectively, according to the 
technique described by Schweizer (1980). In addition, 
the fluorescence in situ hybridization (FISH) tech-
nique was carried out following the protocol reported 

by Pinkel et al. (1986) along with an 18S rDNA probe 
obtained from Prochilodus argenteus (Hatanaka and 
Galetti 2004), labeled with biotin-14-dATP by nick 
translation. The hybridization signal was detected using 
avidin-FITC (fluorescein isothiocyanate) and the chro-
mosomes were counterstained with propidium iodide. 
All the images were acquired with a Leica DM 4500 B 
microscope equipped with a DFC 300FX camera (Leica 
Microsystem, Germany) and Leica IM50 4.0 software 
(http://leica-im50.software.informer.com/4.0/), and 
optimized for best contrast and brightness with iGrafx 
Image software (http://www.igrafx.com/gl).

Results

All collected specimens presented 2n=54 meta-sub-
metacentric (m-sm) chromosomes and fundamental 
number/FN=108, for both sexes (Figure 2(a)). However, 
in three females a heteromorphic pair was identified 

Figure 1. Collection site. Map of Brazil (a) indicating Três Bocas stream (b).
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(recognized as par 3) consisting of a very large subme-
tacentric chromosome and its presumed homolog by a 
small metacentric chromosome (Figure 2(b)).

Among the 16 individuals analyzed, four individuals 
(three females and one male) presented supernumer-
ary microchromosomes or Bs, whose occurrence var-
ied from 0 to 4 (Table 1). The frequency of cells with B 
chromosomes in each individual is very variable, rep-
resenting from 25% (specimen no. 4370) to more than 
50% (specimen no. 4169) of the cells analyzed. In these 
four individuals we assessed 164 metaphases, with one B 
chromosome (27.44%), and two (12.19%), three (3.66%), 
and four supernumerary chromosomes (0.61%). We did 
not observe B chromosomes in 92 of the metaphases 
(56.10%) (Table 1).

The Ag-NORs occupied the terminal region on the 
long arm of a pair of submetacentric chromosomes 

(Figure 2(a – box)), with size heteromorphism between 
the homologous chromosomes in most specimens, evi-
denced after FISH with an 18S rDNA probe (Figure 3(a)).  
However, four individuals that presented B microchromo-
somes did not exhibit heteromorphism either after silver 
impregnation (Figure 2(b – box)) or FISH (Figure 3(b)). 

Figure 2. Karyotypes of Parodon nasus: (a) normal karyotype with conventional staining to males and females; (b) and (c) females 
with structural polymorphism of pair 3 (indicated by asterisk) with conventional staining and C banding respectively. In the box, 
chromosomal pair with CMA3 and AgNOR regions.

Table 1. B chromosome frequency in somatic cell of Parodon 
nasus from Três Bocas stream.

Specimens Sex

Number of B chromosomes
Number 
of cells0 1 2 3 4

4169 ♂ 15 10 5 1 _ 31
4367 ♀ 25 13 7 1 _ 46
4368 ♀ 28 15 7 4 1 55
4370 ♀ 24 7 1 _ _ 32

Total 92 45 20 6 1 164
% 56.10 27.44 12.19 3.66 0.61
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heterochromatic block in the terminal portion of the 
long arm (Figure 2(c)).

Discussion

Individuals of Parodon nasus from Três Bocas stream 
displayed 54  meta-submetacentric chromosomes, but 
did not show subtelocentric chromosomes, as described 
in other populations by Jesus and Moreira-Filho (2000), 
Vicente et al. (2001), Centofante et al. (2002), Bellafronte 
et al. (2005). According to Schemberger et al. (2011) 
the hypothetical ancestor of the Parodontidae family is 
characterized by a karyotype formula of 2n=54 m/sm 
chromosomes. Probably, in P. nasus from Três Bocas 
stream, no chromosome rearrangement occurred dur-
ing its process of evolution, so this is the first report of 
this karyotype structure in this species.

Three females demonstrated a structural chromo-
some variation not previously reported in Parodon 
nasus. A possible origin of this heteromorphism could 
have been a deletion, occurring in the terminal portion 
of the long arm of one of the homologous chromosomes 
of submetacentric pair 3, yielding a smaller metacentric 
chromosome with the absence of heterochromatin at the 
terminal portion.

Specimens of Parodon nasus were subjected to flu-
orescent in situ hybridization with a repetitive DNA 
probe from the W sex chromosome from Apareiodon 
ibitiensis (WAp FISH) by Schemberger et al. (2011) and 
proximal hybridization and terminal sites were detected 
on the short arm of metacentric chromosome pair 13, 
therefore this chromosome was considered a proto-sex 
chromosome within the family Parodontidae.

The occurrence of sex chromosomes of the type ZZ/
ZW has been reported in species of the genus Parodon, 
as P. hilarii and P. moreirai (Moreira-Filho et al. 1993; 
Jesus and Moreira-Filho 2000; Centofante et al. 2002; 
Schemberger et al. 2011). Notwithstanding, further 
analysis of FISH with specific probes as the WAp FISH 
utilized by Schemberger et al. (2011) can confirm or not 
if this heteromorphism in the population of the Três 
Bocas stream is related to sex determination.

Bellafronte et al. (2011) observed that Parodon nasus 
is the only species of the genus to present 18S rDNA 
sites on a subtelocentric, rather than on a submetacen-
tric pair. In this study, however, we observed AgNORs 
of Parodon nasus on the long arm of submetacentric 
pair 2, coincident with the 18S rDNA sites. Cytogenetic 
studies in other populations of the species indicate the 
location of NORs on subtelocentric pair 25 (Jesus and 
Moreira-Filho 2000; Vicente et al. 2001; Centofante et 
al. 2002; Bellafronte et al. 2005).

Like Parodon nasus in the present study, Parodon 
pongoensis analyzed by Bellafronte et al. (2011) has 
18S rDNA sites in the terminal portion of the long arm 
of submetacentric pair 2. According to Schemberger  

The NORs were coincident with GC-rich regions in all 
individuals (Figure 2(a)) and 18S rDNA sites were detected 
in B chromosomes (Figure 3(d)).

All individuals, except for those carrying the B chro-
mosomes, exhibit the ribosomal clusters in a terminal 
region on the long arm of a pair of submetacentric chro-
mosomes (Figure 2(a – box)), with size heteromorphism 
between the homologous chromosomes evidenced by 
AgNOR and FISH with an 18S rDNA probe (Figure 3(a)). 
In these individuals the NORs were coincident with GC 
rich regions (Figure 2(a)). However, the four individuals 
that presented B chromosomes did not exhibit hetero-
morphism in a submetacentric pair (Figure 2(b – box) 
and Figure 3(b)) and the 18S rDNA sites were detected 
in B chromosomes (Figure 3(c) and 3(d)).

C-heterochromatic blocks on some pericentromeric 
regions are observed, and also in terminal regions (Figure 
2(c)). The B microchromosomes were heterochromatic 
(Figure 3(e) and 3(f)) and the non-homologous sub-
metacentric chromosome of the females with a kary-
otype formula of 52  m-sm  +  1sm  +  1  m presented a 

Figure 3.  Somatic metaphases of Parodon nasus with 
fluorescence in situ hybridization (FISH) (a, b, c, d), Giemsa 
staining (e) and C banding (f ). The arrows indicate 18S rDNA 
sites in (a) with heteromorphism size, and in (b), without 
heteromorphism size; the arrowheads indicate B chromosomes 
without and with 18S rDNA site (c, d, respectively). The 
arrowheads in (e) and (f ) indicate the heterochromatic B 
chromosomes.
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