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Abstract

Erythrinidae include Neotropical teleost fish that are widely distributed in South America. Hoplias Gill,
1903 include two large groups: H. malabaricus Bloch, 1794 and H. lacerdae Miranda Ribeiro, 1908.
Hoplias malabaricus is characterized by remarkable karyotype diversity, with some karyomorphs widely
distributed geographically while others are more restricted to certain river basins. Cytogenetic analyzes
were performed in a population of Hoplias malabaricus from the Wildlife Refuge of Campos de Palmas,
the Iguacu River basin. The specimens showed diploid number of 42 chromosomes (24m+18sm) without
differentiated sex chromosomes system. The impregnation by silver nitrate showed multiple AgNOR:s.
Seven pairs (4, 7, 10, 13, 16, 20 and 21) carrying 18S rDNA were detected by FISH. Heterochromatin
was verified in the centromeric and pericentromeric region of most chromosomes and the terminal region
of some pairs. FISH with 5S rDNA probes showed two chromosome pairs carrying these sites in the
interstitial region (8 and 14). The data obtained in this study are similar to those found for two other
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populations of H. malabaricus already studied in the basin of the Iguacu River, confirming the hypothesis
that this species is natural, not having been introduced, as well as having an intrinsic characteristic, such
as the largest number of sites of 18S rDNA.
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Chromosomal conservadorism, double-FISH, evolution, karyotype, rDNA

Introduction

The basin of the Iguagu River, located in the southern region of the State of Parani, is
comprises a drainage area of 69,373 square km and a length of 1,275 km in its main
riverbed. Its springs emerge from Serra do Mar and flow towards the First Plateau, or
Plateau of Curitiba, and to the Second and Third Plateau. In the latter, the Iguacu river
basin is bordered by the Plateau of Palmas at the border of the State of Santa Catarina
(Silva etal. 2001), where 79% belongs to the State of Parand, 19% to the State of Santa
Catarina and 2% to Argentina (Agostinho et al. 1997). The Iguacu river basin has a
low diversity of species and a high degree of endemism, with a total of 106 species, be-
ing 35 of Characiform, 46 of Siluriform and 11 Perciform (Baumgartner et al. 2012).
This endemism has as its main cause the appearance of the Iguagu Falls at the last part
of the flow (Agostinho et al. 2004). In addition to this large geographical barrier of 72
meters, other barriers that segment the Iguagu river were observed along its flow: Salto
Caiacanga (9 meters), Salto Grande (13 meters), Salto Santiago (40 meters) and Salto
Osorio (30 meters) (Maack 1981).

Erythrinidae are characterized by a sedentary lifestyle which consequently reduces
gene flow between the populations that inhabit the same basin since they do not over-
come obstacles, such as waterfalls (Blanco et al. 2010). This family is composed of
three genera: Erythrinus Scopoli, 1777, Hoplerythrinus Gill, 1896 and Hoplias Gill,
1903 (Gayet et al. 2003). Erythrinus is comprised of two species, E. erythrinus Bloch &
Schneider, 1801 and E. kesslerie Steindachner, 1877 (Oyakawa 2003). Hoplerythrinus
includes three species: H. cinereus Gill, 1858, H. gronovii Valenciennes, 1847 and H.
unitaeniatus Spix & Agassiz (Froese and Pauly 2014). Hoplias is the most widespread
in South America, composed of two large groups: Hoplias lacerdae Miranda Ribei-
ro, 1908 and Hoplias malabaricus Bloch, 1794, the first group containing six species
(Oyakawa and Mattox 2009), and the second is a classic case of cryptic species related
to chromosomal aspects (Bertollo et al. 2000).

According to Bertollo et al. (2000), Hoplias malabaricus is a Neotropical freshwater
species widely distributed and with great karyotype diversity (different karyomorph).
The chromosomal studies show diversity in diploid number from 39 to 42 chromo-
somes, differences in chromosomal formulas and presence (karyomorph B, D and G)
or absence (karyomorph A, C, E and F) of a sex chromosome system. According to this
author, H. malabaricus includes seven karyomorph, being some of them more widely
distributed, such as karyomorph A, C and F, and other restricted to only one or a few
sites, such as karyomorph B, D, E and F. Populations of this species from the basin
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of the Iguagu river were previously analyzed by cytogenetic methods and two of these
karyomorph were detected (A and B) (Lemos et al. 2002, Vicari et al. 2003, Vicari et
al. 2006). The karyomorph A appears to be more widely distributed throughout this
basin, while the karyomorph B is restricted to only one population in a region next to
its riverbed side (Lemos et al. 2002).

With regards to the occurrence of H. malabaricus in the basin of the Iguagu river,
there is a controversy as to its origin in this location. According to Garavello et al.
(1997), H. malabaricus would not be a native species of the Iguacu river, which may
have been introduced from nearby basins. Subsequently, a study with chromosomal
populations of this species suggested that the karyomorph A is a native form of the
Iguagu River. In addition, the little karyotype diversity detected among the popula-
tions that were analyzed must be due to vicariant events (Vicari et al. 20006).

In this sense, the objective of this work was to study - through cytogenetic tech-
niques - a population of Hoplias malabaricus collected in a natural lagoon in the region of
Palmas, in the far south of the State of Parand — Brazil. This lagoon has no contact with
other aquatic environments and is isolated from other river systems, in order to better
understand the geographical distribution of the group in the basin of the Iguacu river.

Methods

Four specimens were collected (2 males and 2 females) of Hoplias malabaricus from iso-
lated lagoons in the region of Palmas of the Wildlife Refuge of Campos de Palmas, in
the Iguagu river basin, belonging to the State of Parand — Brazil (Fig. 1). This reduced
sample is duet to the collections being made on a conservation unit, and a major sam-
pling would be justified if intra- or interpopulational chromosomal polymorphisms
were observed. The samples were anesthetized and sacrificed by an overdose of clove oil
(Grifhichs 2000) for the removal of the material for the cytogenetic study. The mitotic
chromosomes were obtained from a cell suspension using the anterior portion of the
kidney in accordance with the technique adapted by Bertollo et al. (1978) and Foresti
et al. (1993). Thirty metaphases spreads from each fish were analyzed and ten of the
best mitotic metaphases were used to measure karyotypes. For the AgNORs analysis,
the impregnation by silver nitrate has been used based on the methodology of Howell
and Black (1980), and to determine the distribution pattern of heterochromatin, C-
banding with barium hydroxide was used, following the proposal of Sumner (1972)
with modifications proposed by Lui et al. (2012). For the analysis of fluorescent i
situ hybridization (FISH) 5S rDNA probes of Leporinus elongatus Valenciennes, 1850
(Martins et al. 2000) and 18S rDNA of Prochilodus argenteus Spix & Agassiz, 1829
were used (Hatanaka and Galetti 2004). Each one of them was marked, respectively,
with digoxigenin-11-dUTP and biotin-16-dUTP (Roche). The detection and amplifi-
cation of the hybridization signal was performed using antidigoxigenin-rhodamine for
5S rDNA (Roche) and avidin-FITC and anti-avidin-biotin for 18S rDNA (Sigma).
FISH was performed according to Pinkel et al. (1986) and modifications suggested by
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Figure 1. Map of sampling sites of Hoplias malabaricus populations in Iguacu river basin: a Piraquara
b Sio José dos Pinhais ¢ Palmeira d Pogo Preto e Nova Prata do Iguagu and f Palmas (present paper).

Margarido and Moreira-Filho (2008). The best metaphases were captured in an Olym-
pus BX60 photomicroscope with a digital camera DP71 and DPcontroller 3.2.1.276
software (Olympus). The FISH slides were analyzed with an epifluorescence photomi-
croscope under an appropriate filter. The chromosomes were arranged in groups clas-
sified in metacentric, submetacentric, subtelocentric and acrocentric, according to the
calculation of arm ratio as proposed by Levan et al. (1964).

Results

The cytogenetic analysis observed diploid number of 42 chromosomes with 24 meta-
centric chromosomes and 18 submetacentric chromosomes, for male and female,
and without a sex chromosome system (Fig. 2). The impregnation by silver nitrate
showed multiple AgNORs, ranging from 4 to 6 NORs. The analyzed metaphases
with silver nitrate impregnation presented bi-telomeric labels in the metacentric pair
7 and telomeric labels on the short arm of the metacentric pair 10 (Fig. 2, in box),
coinciding with 18S rDNA, evidenced in FISH (Fig. 3). Five other pairs carrying
rDNA 18S were marked by FISH, the metacentric 4 in both telomeric regions, the
submetacentric pair 13 in the telomeric region of the short arm, pair 16 in the inter-
stitial region of the long arm, pair 20 in both telomeric regions, and pair 21 in the
terminal region of the long arm (Fig. 3). The C-banding revealed heterochromatin
in the centromeric and pericentromeric region in most chromosomes of the comple-
ment, as well as bitelomeric and terminal heterochromatin in some chromosomes,
these being coincident with the AgNORs (pairs 7 and 10) (Fig. 2). The FISH with
5S rDNA probe revealed two pairs of chromosomes, being interstitial on the long
arm of the metacentric 8 and on the short arm close to the centromere of the sub-
metacentric 14 (Fig. 3).
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Figure 2. Karyotypes of Hoplias malabaricus stained with Giemsa (a) and treated through the C-banding (b).
The AgNORs bearing chromosome pairs (7 and 10) are presented in box. Bar = 10 pm.
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Figure 3. Karyotype of Hoplias malabaricus hybridized with 5S rDNA (digoxigenin, red) and 18S rDNA
(FITC, green) probes. Bar = 10 pm.

Discussion

Hoplias malabaricus comprises a complex of species due to its wide karyotype diversity,
and some karyomorphs are geographically widely distributed, while others have lower
distribution and are restricted to certain basins, and even sympatric karyomorphs may
occur without the detection of hybrids (Bertollo et al. 2000, Born and Bertollo 2006).
The specimens analyzed showed chromosomal characteristics related to a diploid num-
ber, absence of a system of sexual chromosomes and karyotype formula that fits them in
the karyomorph A of the H. malabaricus group as designated by Bertollo et al. (2000).
Previous studies in populations of H. malabaricus from the Iguacu river showed that
this karyomorph is the most widely distributed in the basin (Fig. 1, Table 1). Accord-
ing to Blanco et al. (2010), who reviewed the chromosomal studies related to karyo-
morph A, a great part of South American river basins contain them, and multiple levels
of chromosomal differentiation can be observed among allopatric populations (i.e.,
karyotype formula, heterochromatic distribution, AgNORs/18S rDNA, 55 rDNA and
5SHindlll satellite DNA).
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For the populations of karyomorph A of Hoplias malabaricus from the Iguacu riv-
er, the karyotype formula does not show any clear marker to differentiate populations
throughout this basin (Vicari et al. 20006) or to distinguish them from populations in
neighboring basins (Ribera, Tibagi and Ivai) of the Iguacu river (Vicari et al. 2005),
which is different from what is observed for allopatric populations of several other re-
gions (Blanco et al. 2010). Despite the paper of Lemos et al. (2002), bringing a slightly
distinct formula (20m + 22sm), and the one from Bertollo et al. (2000) of not separating
meta- and submetacentric chromosomes, our observation of these karyotypes suggests
that they could be rearranged by 24 metacentrics and 18 submetacentrics, as detected
by Vicari et al. (2003, 2005, 2006) and for the population of this study. It is worth
noting that this conservation of the karyotype formula is not a common situation for
populations distributed along this basin, as was already observed for Astyanax altiparanae
Garutti & Britski, 2000, Oligosarcus longirostris Menezes & Géry, 1983, Corydoras palea-
tus Jenyns, 1842, Pimelodus ortmanni Haseman, 1911 and Glanidium ribeiroi Haseman,
1911 (Kantek et al. 2007). Furthermore, in relation to karyomorph A of H. malabaricus,
this level of conservation was not observed with other chromosomal markers.

The distribution of heterochromatin in all the karyomorphs of the H. malabaricus
complex has often been described in the terminal and pericentromeric region of some
pairs of chromosomes (Dergam and Bertollo 1990, Haff et al. 1993, Bertollo et al.
1997a, 1997b, Born and Bertollo 2000, Vicari et al. 2005, Blanco et al. 2010), and
was also observed in the population of the present study. However, a small variation
in the amount and location of heterochromatin can be observed between the various
allopatric populations already studied (i.e., Blanco et al. 2010). When the distribution
of heterochromatin of the population in this study is compared to others of the Iguagu
river (Lemos et al. 2002, Vicari et al. 2006), or even with those that are present in the
basins next to the Iguagu (Vicari et al. 2005), a great similarity can be observed.

The analyses carried out by Vicari et al. (2006) in populations belonging to the
basin of the Iguagu river (Nova Prata do Iguagu and Palmeira), demonstrated a vari-
able number of AgNORs, usually located in the telomeric region, and bitelomeric
AgNORs were also found in both populations, as for the population analyzed in this
study. However, interstitial nucleolus organizing regions were observed on the long
arm of chromosome pair 16 of the Palmeira population, this characteristic being un-
common for H. malabaricus. Note that bitelomeric AgNORs have usually been found
in H. malabaricus (Bertollo 1996, Born and Bertollo 2001), being this characteristic
considered a probable synapomorphy for the group (Vicari et al. 2006). Up to now,
there is no evidence of populations belonging to karyomorph A of H. malabaricus that
do not have bitelomeric AgNORs (Blanco et al. 2010).

Only a population with hybridization data with 18S rDNA is described in litera-
ture regarding the Iguagu river, with four pairs being detected, one pair with bitelom-
eric marking, one interstitial pair and two pairs with terminal marking. All these pairs
of the previous study (Vicari et al. 2003, 2005) have chromosomes corresponding to
the population of this study. In addition, other pairs showed sites carrying 18S rDNA
(pair 4 and 20, bitelomeric; pair 13, terminal on short arm). More than one chromo-
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some pair with 185 rDNA has already been detected for the karyomorph A of H.
malabaricus (Blanco et al. 2010). However, this is the first report of this last three pairs.

This study showed two pairs of 5S rDNA sites carrying chromosomes. Previous studies
showed that this marker varies in number of sites among populations of karyomorph A,
with a small metacentric pair with interstitial marking that seems to be conserved (Ferreira
et al. 2007, Blanco et al. 2010), and a second pair (large submetacentric) that can be de-
tected with interstitial marking on the short arm in a population of the Sao Francisco river
(Blanco et al. 2010). The two pairs detected in the population of the Iguagu River in this
paper seem to be corresponding to these pairs mentioned above. Ferreira et al. (2007) com-
pared the location of 55 rDNA sites in three karyomorphs of the H. malabaricus group (A,
D and F) and observed obvious differences between them, indicating that the number and
distribution of sites are good markers of the Erythrinidae family, which shows the need for
data for this marker in other populations of this basin, since the 5S rDNA data presented
in this paper are the first related to the Iguacu river basin.

With the uplift of the Iguacu Falls, an effective geographic isolation was created for
the ichthyofauna of the First and Second Plateaus in the largest part of the Iguacu river
(Maack 1981), resulting in a pronounced endemism of its ichthyofauna (Garavello et
al. 1997). This endemism is proposed for several groups of fish, therefore the occurrence
of H. malabaricus in the basin could be due to human introduction (Sampaio 1988,
Dergam et al. 1998). However, other explanations are considered as well relating to its
presence in the basin. The karyomorph A of H. malabaricus features a wide distribution
throughout the southeast and south of Brazil, being present in several rivers in the State
of Parand, reaching Uruguay and Argentina (Bertollo et al. 2000). Due to the old shaping
of the Iguagu river basin and the broad distribution that has been detected for this karyo-
morph A, Vicari et al. (2006) proposed that this species may not have been introduced
as was previously believed. The analysis of this population present in the city of Palmas
reinforces this hypothesis, not only due to being another population of this karyomorph
in the basin, but mainly because this population comes from a natural lagoon located in
an isolated region that is part of the hydrographic system of the Iguagu river.

Therefore, the population analyzed in this study showed the same diploid number,
karyotype formula, lack of a differentiated sex chromosomes system when compared to
other populations of the Iguagu river, in addition to sharing some characteristics with
respect to the number and location of AgNORs, distribution of heterochromatin and
18S rDNA sites. These data confirm the hypothesis that H. malabaricus is natural to the
Iguacu River, and in spite of presenting some intrinsic characteristics of this population, it
represents the same evolutionary unit along the basin, which is in the process of allopatric
differentiation through the setting of small rearrangements in the microstructure.

Acknowledgements

The authors are grateful to Dr. Weferson Junio da Graga for the identification of the
specimens and to Instituto Chico Mendes de Conservacio da Biodiversidade (ICMBio)



220 Gisele Gemi et al. | Comparative Cytogenetics 8(3): 211-222 (2014)

for authorizing the capture of the fishes (License number: SISBIO 10522-1). This stu-
dy was financed by Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
(CNPq), by Funda¢io Araucdria (Fundagio Araucdria de Apoio ao Desenvolvimento

Cientifico e Tecnolégico do Estado do Parand) and by Coordenagio de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES).

References

Agostinho AA, Julio Jr HF, Gomes CL, Bini ML, Agostinho SC (1997) Composigio, abun-
dancia e distribuicio espaco-temporal da ictiofauna. In: Vazzoler AEAM, Agostinho AA,
Hahn NS (Eds) A planicie de inundacio do alto rio Parand: aspectos fisicos, bioldgicos e
s6cio-econdmicos. Eduem, Maringd, 180-228.

Agostinho AA, Gomes LC, Suzuki HL, Julio Jr HF (2004) Migratory fishes of the Upper Par-
and River Basin, Brazil. In: Carolsfeld J, Harvey B, Ross C, Baer A (Eds) Migratory fishes
of South America: Biology, Fisheries and Conservation Status. IDRC, Victoria, 19-98.

Baumgartner G, Pavanelli CS, Baumgartner D, Bifi AG, Debona T, Frana VA (2012) Peixes
do baixo rio Iguagu. Maringd, Eduem, 204 pp. doi: 10.7476/9788576285861

Bertollo LAC (1996) The nucleolar organizer regions of Erythrinidae fish. An uncommon situation
in the genus Hoplias. Cytologia 61: 75-81. doi: 10.1508/cytologia.61.75

Bertollo LAC, Fontes MS, Fenocchio AS, Cano J (1997a) The X XY sex chromosome system in
the fish Hoplias malabaricus. 1. G-, C- and chromosome replication banding. Chromosome
Research 5: 493-499. doi: 10.1023/A:1018477232354

Bertollo LAC, Moreira-Filho O, Fontes MS (1997b) Karyotypic diversity and distribution in
Hoplias malabaricus (Pisces, Erythrinidae): cytotypes with 2n=40 chromosomes. Brazilian
Journal of Genetics 20: 237-242.

Bertollo LAC, Takahashi CS, Moreira-Filho O (1978) Cytotaxonomic considerations on Hoplias
lacerdae (Pisces, Erythrinidae). Brazilian Journal of Genetics 1: 103-120.

Bertollo LAC, Born GG, Dergam JA, Fenocchio AS, Moreira-Filho O (2000) A biodiversity
approach in the neotropical Erythrinidae fish, Hoplias malabaricus. Karyotypic survey, geo-
graphic distribution of cytotypes and cytotaxonomic considerations. Chromosome Research
8: 603—613. doi: 10.1023/A:1009233907558

Blanco DR, Lui RL, Bertollo LAC, Margarido VP, Moreira-Filho O (2010) Karyotypic diversity
between allopatric populations of the group Hoplias malabaricus (Characiformes: Erythrini-
dae): evolutionary and biogeographic considerations. Neotropical Ichthyology 8: 361-368.
doi: 10.1590/S1679-62252010000200015

Born GG, Bertollo LAC (2000) An XX/XY sex chromosome system in a fish species, Hoplias
malabaricus, with a polymorphic NOR-bearing X chromosome. Chromosome Research 8:
111-118. doi: 10.1023/A:1009238402051

Born GG, Bertollo LAC (2001) Comparative cytogenetics among allopatric populations of the
fish, Hoplias malabaricus. Cytotypes with 2n=42 chromosomes. Genetica 110: 1-9. doi:
10.1023/A:1017572030350


http://dx.doi.org/10.7476/9788576285861
http://dx.doi.org/10.1508/cytologia.61.75
http://dx.doi.org/10.1023/A:1018477232354
http://dx.doi.org/10.1023/A:1009233907558
http://dx.doi.org/10.1590/S1679-62252010000200015
http://dx.doi.org/10.1023/A:1009238402051
http://dx.doi.org/10.1023/A:1017572030350
http://dx.doi.org/10.1023/A:1017572030350

Basic cytogenetics and physical mapping of 5S and 18S ribosomal genes... 221

Born GG, Bertollo LAC (2006) A new sympatric region for distinct karyotypic forms of Hop-
lias malabaricus (Pisces, Erythrinidae). Brazilian Journal of Biology 66: 205-210. doi:
10.1590/51519-69842006000200004

Dergam JA, Bertollo LAC (1990) Karyotypic diversification in Hoplias malabaricus (Osteich-
thyes, Erythrinidae) of Sao Francisco and Alto Parand basins. Brazilian Journal of Genetics
13: 755-766.

Dergam JA, Suzuki HI, Shibatta OA, Duboc LF, Julio Jr HF, Giuliano-Caetano L, Black WC
(1998) Molecular biogeography of the neotropical fish Hoplias malabaricus (Erythrinidae:
Characiformes) in the Iguacu, Tibagi and Parand rivers. Genetics and Molecular Biology
22: 493-496. doi: 10.1590/51415-47571998000400015

Ferreira IA, Bertollo LAC, Martins C (2007) Comparative chromosome mapping of 5§ rDNA
and 5SHindIII repetitive sequences in Erythrinidae fishes (Characiformes) with emphasis
on the Hoplias malabaricus ‘species complex’. Cytogenetic and Genome Research 118:
78-83. doi: 10.1159/000106445

Foresti F, Oliveira C, Almeida-Toledo LF (1993) A method for chromosome preparations from
large specimens of chromosome preparations from large specimens of fishes using in vitro
short treatment with colchicines. Experientia 49: 810-813. doi: 10.1007/BF01923555

Froese R, Pauly D (2014) FishBase. http://www.fishbase.org/search.php [accessed 10 January
2014]

Garavello JC, Pavanelli CS, Suzuki HI (1997) Caracterizagio da ictiofauna do rio Iguagu. In:
Agostinho AA, Gomes LC (Eds) Reservatdrio de Segredo: Bases ecoldgicas para o manejo.
Eduem, Maringd, 61-84.

Gayet M, Jégu M, Bocquentin J, Negri FR (2003) New characoids from the upper Creta-
ceous and Paleocene of Bolivia and the Mio-Pliocene of Brazil: phylogenetic position
and paleobiogeographic implications. Journal of Vertebrate Paleontology 23: 28-46. doi:
10.1671/0272-4634

Griffiths SP (2000) The use of clove oil as an anaesthetic and method for sampling intertidal
rockpool fishes. Journal of Fish Biology 57: 1453-1464. doi: 10.1111/.1095-8649.2000.
tb02224.x

Haaf T, Schmid M, Steinlein C, Galetti Jr PM, Willard HF (1993) Organization and molecu-
lar cytogenetics of satellite DNA family from Hoplias malabaricus (Pisces, Erythrinidae).
Chromosome Research 1: 77-86. doi: 10.1007/BF00710610

Hatanaka T, Galetti Jr PM (2004) Mapping 18S and 5S ribosomal RNA genes in the fish
Prochilodus argenteus Agassiz, 1929 (Characiformes, Prochilodontidae). Genetica 122:
239-244. doi: 10.1007/s10709-004-2039-y

Howell WM, Black DA (1980) Controlled silver-staining of nucleolus organizer regions with a
protective colloidal developer: a 1-step method. Experientia 36: 1014-1015. doi: 10.1007/
BF01953855

Kantek DLZ, Cipriano RR, Abilhoa V, Artoni RF, Cestari MM (2007) Cytotaxonomic and
Evolutionary Considerations about Karyotipic Data of Fishes from the Iguacu River Ba-
sin in South of Brazil. Brazilian Archives of Biology and Technology 50: 793-802. doi:
10.1590/51516-89132007000500007


http://dx.doi.org/10.1590/S1519-69842006000200004
http://dx.doi.org/10.1590/S1519-69842006000200004
http://dx.doi.org/10.1590/S1415-47571998000400015
http://dx.doi.org/10.1159/000106445
http://dx.doi.org/10.1007/BF01923555
http://www.fishbase.org/search.php
http://dx.doi.org/10.1671/0272-4634
http://dx.doi.org/10.1671/0272-4634
http://dx.doi.org/10.1111/j.1095-8649.2000.tb02224.x
http://dx.doi.org/10.1111/j.1095-8649.2000.tb02224.x
http://dx.doi.org/10.1007/BF00710610
http://dx.doi.org/10.1007/s10709-004-2039-y
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1590/S1516-89132007000500007
http://dx.doi.org/10.1590/S1516-89132007000500007

222 Gisele Gemi et al. | Comparative Cytogenetics 8(3): 211-222 (2014)

Lemos PMM, Fenocchio AS, Bertollo LAC, Cestari MM (2002) Karyotypic studies on two
Hoplias malabaricus populations (Characiformes, Erythrinidae) of the 2n=42 group, from
the first plateau of the Iguacu river basin (Parand States, Brazil). Caryologia 55: 193-198.
doi: 10.1080/00087114.2002.10589277

Levan A, Fredga K, Sandberg AA (1964) Nomenclature for centromeric position on chromo-
somes. Hereditas 52: 201-220. doi: 10.1111/j.1601-5223.1964.tb01953.x

Lui RL, Blanco DR, Moreira-Filho O, Margarido VP (2012) Propidium iodide for making
heterochromatin more evident in the C-banding technique. Biotechnic & Histochemistry
87(7): 433-438. doi: 10.3109/10520295.2012.696700

Maack R (1981) Geografia fisica do Estado do Parand. 2a. Secretaria da Cultura e do Esporte
do Estado do Parand, Rio de Janeiro, J. Olympio, 442 pp.

Margarido VP, Moreira-Filho O (2008) Karyotypic differentiation through chromosome fu-
sion and number reduction in Imparfinis hollandi (Ostariophysi, Heptapteridae). Genetics
and Molecular Biology 31: 235-238. doi: 10.1590/51415-47572008000200012

Martins C, Wasko AP, Oliveira C, Wright JM (2000) Nucleotide sequence of 5S rDNA and
localization of the ribosomal RNA genes to metaphase chromosomes of the Tilapiine cich-
lid fish, Oreochromis niloticus. Chromosome Research 133: 39-46. doi: 10.1111/j.1601-
5223.2000.00039.x

Oyakawa OT (2003) Family Erythrinidae. In: Reis RE, Kullander SO, Ferraris Jr CJ (Eds) Check
List of the Freshwater Fishes of South and Central America. Edipucrs, Porto Alegre, 238-240.

Oyakawa OT, Mattox GMT (2009) Revision of the Neotropical trahiras of the Hoplias lacerdae
species-group (Ostariophysi: Characiformes: Erythrinidae) with descriptions of two new
species. Neotropical Ichthyology 7: 117-140. doi: 10.1590/51679-62252009000200001

Pinkel D, Straume T, Gray JW (1986) Cytogenetic analysis using quantitative, high sensi-
tivity, fluorescence hybridization. Proceedings of the National Academy of Sciences 83:
2934-2938. doi: 10.1073/pnas.83.9.2934

Sampaio FAA (1988) Estudos Taxondémicos Preliminares dos Characiformes (Teleostei, Ostario-
physi) da bacia do rio Iguacu, com comentérios sobre 0 endemismo dessa fauna. Dissertation,
Universidade Federal de Sao Catlos, Sao Carlos, UFSCar, 175 pp. [in Brazil]

Silva FM, Lermen VK, Nery JT (2001) Variabilidade Interanual da Precipita¢io na Bacia do
Rio Iguagu. Acta Scientiarum 23: 1439-1444.

Sumner AT (1972) A simple technique for demonstrating centromeric heterochromatin. Ex-
perimental Cell Research 75: 304-306. doi: 10.1016/0014-4827(72)90558-7

Vicari MR, Artoni RF, Bertollo LAC (2003) Heterochromatin polymorphism associated with
18S rDNA: a differential pathway among Hoplias malabaricus fish populations. Cytoge-
netic and Genome Research 101: 24-28. doi: 10.1159/000073413

Vicari MR, Artoni RF, Bertollo LAC (2005) Comparative cytogenetics of Hoplias malabaricus
(Pisces, Erythrinidae): a population analysis in adjacent hydrographic basins. Genetics and
Molecular Biology 28: 103-110. doi: 10.1590/51415-47572005000100018

Vicari MR, Pazza R, Artoni RF, Margarido VP, Bertollo LAC (2006) Cytogenetics and bioge-
ography: Considerations about the natural origin of Hoplias malabaricus (Characiformes,
Erythrinidae) on the Iguagu River. Brazilian Archives of Biology and Technology 49: 297—
303. doi: 10.1590/51516-89132006000300015


http://dx.doi.org/10.1080/00087114.2002.10589277
http://dx.doi.org/10.1111/j.1601-5223.1964.tb01953.x
http://dx.doi.org/10.3109/10520295.2012.696700
http://dx.doi.org/10.1590/S1415-47572008000200012
http://dx.doi.org/10.1111/j.1601-5223.2000.00039.x
http://dx.doi.org/10.1111/j.1601-5223.2000.00039.x
http://dx.doi.org/10.1590/S1679-62252009000200001
http://dx.doi.org/10.1073/pnas.83.9.2934
http://dx.doi.org/10.1016/0014-4827(72)90558-7
http://dx.doi.org/10.1159/000073413
http://dx.doi.org/10.1590/S1415-47572005000100018
http://dx.doi.org/10.1590/S1516-89132006000300015

	﻿﻿﻿﻿﻿Basic cytogenetics and physical mapping of 5S and 18S ribosomal genes in ﻿﻿Hoplias malabaricus﻿﻿ (Osteichthyes, Characiformes, Erythrinidae) from isolated natural lagoons: a conserved karyomorph along the Iguaçu river basin
	﻿﻿﻿﻿Abstract﻿﻿﻿
	﻿﻿﻿﻿﻿﻿﻿Introduction
	﻿﻿﻿﻿﻿Methods
	﻿﻿﻿﻿﻿Results
	﻿﻿﻿﻿﻿﻿﻿Discussion
	Research article
	﻿﻿﻿﻿﻿﻿﻿Acknowledgements
	﻿﻿﻿﻿﻿References

