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Abstract
In this study, which is the first karyotype analysis of Hypostomus iheringii, nine specimens collected in 
Córrego da Lapa (tributary of the Passa-Cinco River) showed a diploid number of 80 chromosomes. 
Silver nitrate staining and fluorescence in situ hybridization (FISH) with an 18S rDNA probe revealed 
the presence of multiple nucleolus organizer regions (NORs) (chromosome pairs 13, 20, and 34). FISH 
with a 5S rDNA probe showed that this cistron was only present in chromosome pair 2. When the 
karyotypes of individual animals were compared, unique heterochromatic polymorphisms were detected 
on chromosome pairs 1 and 5. Specifically, specimens had heterochromatic blocks (h+h+) on both chro-
mosomes, one chromosome with heterochromatic blocks (h+h-) or chromosomes that lacked hetero-
chromatic blocks (h-h-). Considering that heteromorphic pattern is not correlated with variation in size, 
the process of heterochromatinization might act on the long arms of these chromosomes. In summary, 
all chromosomal markers indicate that the karyotype of H. iheringii is highly differentiated and that the 
heterochromatinization of chromosomal segments may have contributed to its karyotypic differentiation.
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Introduction

Loricariidae is a speciose group of Neotropical fishes that is composed of six sub-
families: Hypoptopomatinae, Hypostominae, Lithogeneinae, Loricariinae, Neoplecos-
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tominae, and Delturinae (Armbruster 2004, Reis et al. 2006, Cramer et al. 2011). 
Armbruster (2004) considered the old subfamily Ancistrinae to be a synonym of Hy-
postominae, a group that currently consists of the tribes Corymbophanini, Rhinel-
epini, Hypostomini, Pterygoplichthini and Ancistrini. Hypostomus is the type genus of 
Hypostominae and has great morphological (Weber 2003) and cytogenetic (Bueno et 
al. 2011) diversity. According to Weber (2003), the genus consists of a large number 
of species that exhibit a high level of morphological and color pattern variation, thus 
making systematic identification difficult. Of the more than 120 species that have 
been described within this group (Zawadzki et al. 2010), 21 were reported to reside 
in the Alto Paraná basin (Weber 2003, Jerep et al. 2007). Ziemniczak et al. (in press) 
concluded that the karyotypic differentiation of Hypostomini is correlated with the 
great diversification of form in this tribe and may have been important for genetic and 
reproductive isolation between species.

Cytogenetic studies in Hypostomus indicate that there is great variability in various 
karyotypic aspects, which contributes to enormous complexity of the group (Artoni 
and Bertollo 1996). The same chromosomal variations, such as karyotypic formula 
(Michele et al. 1977, Artoni and Bertollo 1996, Alves et al. 2006, Bueno et al. 2011), 
heterochromatin distribution (Artoni and Bertollo 1999, Rubert et al. 2008) and nu-
cleolus organizer regions (Artoni and Bertollo 2001, Rubert et al. 2008), occur fre-
quently within populations. However, population polymorphisms are rare and mani-
fest as variations in the karyotypic formula (Artoni and Bertollo 1999).

The amplification and mobility of heterochromatic blocks of chromosomes are 
well documented in some organisms (Hamilton et al. 1990, Modi 1993). Sequences 
of satellite DNA appear to play an important role in the evolution of the genome of 
different organisms by promoting chromosome rearrangements and exhibiting rapid 
differentiation due to intragenomic mobility taking important role in karyotype evolu-
tion and speciation due to gene flow restriction (Wichman et al. 1991, Kantek et al. 
2009, Machado et al. 2011).

In this study, the first karyotype analysis of Hypostomus iheringii (Regan, 1908) 
was performed using classic (Giemsa staining, C-banding, and Ag-NOR) and molecu-
lar (fluorescence in situ hybridization - FISH) cytogenetic methods, emphasizing the 
distribution of heterochromatic blocks, interrelating and discussing the possible role of 
heterochromatin in the diversification of the genomes of Loricariidae.

Materials and methods

Animals and mitotic chromosome preparations

Nine specimens (five males and four females) of H. iheringii from the Córrego da 
Lapa, a tributary of the Passa-Cinco River in Ipeúna, São Paulo, Brazil, were analyzed. 
These specimens were deposited in the Museum of Zoology at the University of São 
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Paulo, under voucher number MZUSP 106769. The animals were anesthetized with 
clove oil, according to the method described by Griffiths (2000), and then sacrificed. 
The procedures were performed following the guidelines of the Committee of Ethics 
in Animal Experimentation (Process CEUA 07/2011) at Universidade Estadual de 
Ponta Grossa. Cell suspensions containing mitotic chromosomes were obtained from 
the cells of the anterior portion of the kidney of these specimens according to the pro-
cedures described by Bertollo et al. (1978) and Foresti et al. (1993).

Chromosome staining

The chromosomes were stained with a solution of 5% Giemsa. C-banding was per-
formed following the protocol described by Sumner (1972) with modifications in 
staining method (Lui et al. 2009). The nucleolus organizer regions (Ag-NORs) were 
determined according to the method described by Howell and Black (1980). These 
methods were performed sequentially (conventional staining of the chromosomes with 
Giemsa, C-banding and Ag-NORs) for accuracy in identifying chromosome pairs.

Chromosome hybridization, probes and karyotype analysis

The physical mapping of 18S and 5S rDNA on the chromosomes was obtained by 
FISH, as described by Pinkel et al. (1986), with probes obtained from Prochilodus 
argenteus Spix and Agassiz, 1829 (Hatanaka and Galetti Jr. 2004) and Leporinus 
elongates Valenciennes, 1850 (Martins and Galetti Jr. 1999). The probes of 5S and 
18S rDNA were labeled with digoxigenin-11-dUTP and biotin-14-dATP, respec-
tively, by nick translation, according to the manufacturer’s instructions (Roche Ap-
plied Science). The hybridization procedure was performed under high stringency 
conditions (2.5 ng/µL of each probe, 50% deionized formamide, 10% dextran 
sulphate, 2XSSC, pH 7.0–7.2, at 37°C overnight). After hybridization, the slides 
were washed in 15% formamide/0.2XSSC 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 last 
step was performed in two 5 min washes. The signal detection was performed us-
ing streptavidin-Alexa Fluor 488 (Molecular Probes) against the 18S rDNA and 
anti-digoxigenin-rhodamine (Roche Applied Science) for the 5S rDNA probes. The 
chromosomes were counter-stained with a solution of antifading/DAPI (40 µL of 
antifading + 1 µL of DAPI – 0.2 mg/mL) and analyzed under an Olympus BX50 
epifluorescence microscope.

The chromosomes were classified as metacentric (m), submetacentric (sm), subte-
locentric (st), and acrocentric (a), according to the ratio of arms proposed by Levan et 
al. (1964), and arranged to form the karyotype in descending order by size. The soft-
ware Image-Pro Plus 6.3 (Media Cybernetics) was used for image capture.
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Figure 1. Karyotypes of female Hypostomus iheringii arranged from Giemsa-stained (a) and C-banded 
chromosomes (b). The chromosome pairs carrying Ag-NORs are boxed. Bar = 5 µm.

Results

All of the H. iheringii specimens showed a diploid number of 80 chromosomes (8m 
+ 16sm + 28st + 28a, NF=132) without a heteromorphic sexual system (Fig. 1a). C-
banding analysis revealed a small section of heterochromatin, preferentially located in 
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the terminal portions of some of the chromosomes (Fig. 1b). Two conspicuous hetero-
chromatic blocks were found in the terminal position of the long arm of chromosome 
pairs 1 (m) and 5 (sm) with inter-individual variations. Specifically, specimens had het-
erochromatic blocks (h+h+) on both chromosomes, one chromosome with heterochro-
matic blocks (h+h-) or chromosomes that lacked heterochromatic blocks (h-h-) (Fig. 
2). Silver nitrate staining revealed the presence of multiple nucleolus organizer regions 
(NORs) located in the terminal portion of the short arm of two pairs of subtelocentric 
chromosomes (pairs 13 and 20) and in the terminal position of the long arm of an 
acrocentric chromosome pair (chromosome 34) (Fig. 1, in Box). In addition, a size het-
eromorphism was found in the Ag-NORs sites of chromosome pair 13 in all individuals 
analyzed. FISH with the 18S rDNA probe confirmed the silver nitrate staining result for 
pair 13, but only one of the homologues of the pairs 20 and 34 was marked (Fig. 3a). 
FISH revealed that the 5S rDNA sites were located in the interstitial portion of the short 
arm of a metacentric chromosome (pair 2) (Fig. 3b).

Figure 2. Accentuated heterochromatic polymorphisms on chromosome pairs 1 and 5 of the H. 
iheringii.

Figure 3. Karyotype of female H. iheringii submitted to FISH using 18S rDNA probe (a) and submitted 
to FISH using 5S rDNA probe (b). Bars = 5 µm.
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Discussion

Cytogenetic studies in Loricariidae reveal a remarkable diversity of chromosomal num-
bers, formulae and markers. Despite this extensive variation, karyotype analyses of the 
species in this family have allowed well-defined evolutionary trends and putative group 
relationships to be inferred (Artoni and Bertollo 2001, Alves et al. 2006, Ziemniczak 
et al. in press). In Hypostomus, the diploid number ranges from 54 chromosomes in 
Hypostomus plecostomus Linnaeus, 1758 (Muramoto et al. 1968) to 84 chromosomes in 
Hypostomus sp. 2 (Cereali et al. 2008). Chromosome sets that are numerically similar 
to Hypostomus sp. 2 were found in Hypostomus sp. 3 from the Salobrinha Stream in 
Mato Grosso do Sul, Brazil (Cereali et al. 2008) (82 chromosomes), Hypostomus sp. E 
from the Mogi-Guaçu River in São Paulo, Brazil (Artoni and Bertollo 1996) (80 chro-
mosomes) and Hypostomus topavae (Godoy, 1969) from the Piquiri River in Paraná, 
Brazil (Bueno et al. 2011) (80 chromosomes). Considering these data, H. iheringii 
(2n = 80) (Fig. 1a) is among the species with the highest chromosome number in the 
Hypostomus. In Loricariidae, the diploid number ranges from 2n=34 chromosomes 
in Ancistrus cuiabae Knaack, 1999 (Mariotto et al. 2011) to 2n=96 chromosomes in 
Upsilodus sp. (Kavalco et al. 2004). The plesiomorphic state is considered to be 2n=54 
chromosomes (Artoni and Bertollo 2001). According to Artoni and Bertollo (2001), 
species of Hypostomus with a higher chromosome number are likely to be more derived 
than species with 2n=54 chromosomes. This hypothesis is supported by the observa-
tion that 2n=54 chromosomes is a condition that is shared with the outgroup Tricho-
mycteridae (Ziemniczak et al. in press) and is visualized in all Loricariidae subfamilies 
as well. Thus, because H. iheringii has a high chromosome number, we conclude that 
it may represent a derived species in this genus.

The increase in the number of st/a chromosomes was postulated to be directly pro-
portional to 2n while the number of m/sm chromosomes is inversely proportional to 
2n. This hypothesis would suggest that centric fissions have played a key role in karyo-
type evolution of this group (Artoni and Bertollo 2001). Recently, the work of Bueno 
et al. (2011) supported this hypothesis only for species with chromosome numbers 
higher than or equal to 80 chromosomes. For species with lower chromosome num-
bers, however, it was not possible to correlate the diploid number of chromosomes 
with the proportion of st/a chromosomes. Then, other chromosomal rearrangements, 
such as inversions, deletions, duplications and heterochromatiniztion, could contrib-
ute to the chromosomal differentiation of tribe Hypostomini.

Polymorphisms of heterochromatic blocks with maintenance of heteromorphic 
states are relatively common among Teleost fishes and are correlated to population 
differentiation and speciation (Hartley and Horne 1984, Mantovani et al. 2000, Vi-
cari et al. 2003, Souza et al. 2007, Kantek et al. 2009, Bellafronte et al. 2011). In 
Loricariidae, population variation in the number and size of heterochromatic sites was 
described for Hisonotus leucofrenatus Miranda Ribeiro, 1908 (Andreata et al. 2010), 
Kronichthys lacerta Nichols, 1919 and Isbrueckerichthys duseni Miranda Ribeiro, 1907 
(Ziemniczak et al. in press). This form of variation in Hypostomus has been found for 
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H. iheringii in this study (Fig. 2) and in a previous report for Hypostomus sp. B (Artoni 
and Bertollo 1999), where an extra chromosome with a completely heterochromatic 
arm was observed in two specimens.

In H. iheringii, the polymorphism of the heterochromatic regions in chromosome 
pairs is not correlated to size variations in these euchromatic chromosomes (Fig. 2). 
Therefore, the process of heterochromatinization (inactivation by conversion of eu-
chromatin into heterochromatin) might act on the long arms of chromosomes 1 and 
5. However, the occurrence of additional amplification in these heterochromatic chro-
mosomal regions cannot be ruled out completely.

Physical mapping of the 45S rDNA multigene family revealed a lack of staining 
of one homologue of chromosome pairs 20 and 34 (Fig. 3), probably because of un-
equal crossing over between homologues of these pairs resulting in sites of different 
sizes (Markovic et al. 1978). Accordingly, FISH failed to detect such sites as a result 
of its limited ability to detect very small sizes (Schwarzacher and Heslop-Harrison 
2000). According to Kavalco et al. (2005), a population of Hypostomus affinis (Stein-
dachner, 1877) from Paraíba do Sul river Basin has multiple sites of 18S rDNA, but 
marking by FISH does not occur in all Ag-NOR positive chromosomes. Thus, the 
occurrence of small 18S rDNA sites in Hypostomus is possible. However, in H. af-
finis, the unequal crossing over was more conspicuous, leading to the emergence of 
an obvious size heteromorphism among homologous chromosomes. Size differences 
among NOR sites in this genus are more frequent, and several cases describe varia-
tions in the size of sites detectable by silver nitrate staining, similar to what was ob-
served for pair 13 (Fig. 1, Box) (Artoni and Bertollo 1996, Kavalco et al. 2004, 2005, 
Cereali et al. 2008, Rubert et al. 2008).

Although the literature on the physical mapping of 5S rDNA in Hypostomus is not 
abundant, variations within the group for this marker have been reported. This study 
identified only one chromosome pair carrying these sites, pair 2 (Fig. 4); however, 
eight chromosomes bearing such sequences were identified for H. affinis (Kavalco et 
al. 2005), and nine chromosomes were identified for Hypostomus regani Ihering, 1905 
(Mendes-Neto et al. 2011). The data available for this marker in other genera of Lo-
ricariidae indicate that the group has become quite diverse, with some species having 
a 5S rDNA simple mark, such as Neoplecostomus micropis (Steindachner, 1877) and 
Harttia loricariformis Steindachner, 1877 (Kavalco et al. 2004), and others having 
multiple, such as Harttia carvalhoi Miranda Ribeiro, 1939 (Centofante et al. 2006) 
and Upsilodus sp. (Kavalco et al. 2004). In species from the basal groups of Loricarii-
dae, including K. lacerta, I. duseni, Parotocinclus maculicauda Steindachner, 1877, and 
the outgroup Trichomycterus, the synteny of the major and minor rDNAs has been 
detected and correlated to the primitive state (Ziemniczak et al. in press). The wide 
range of diploid number and relocation of the rDNAs in the karyotype of H. affinis 
represent a derived state.

In summary, H. iheringii displays evolutionary trends that are characteristic of 
the genus Hypostomus, such as the high number of subtelocentric and acrocentric 
chromosomes assigned to the species of this genus with high chromosome numbers. 
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However, the distribution and diversification of heterochromatin suggests new evo-
lutionary trends. All chromosomal markers indicate that the karyotype of H. ihering-
ii is highly differentiated and that heterochromatinization of chromosomal segments 
may contribute to karyotypic differentiation found in this H. iheringii population.

Acknowledgements

The authors are grateful to Prof. Dr. Heraldo A. Britski for the identification of the 
specimens, to the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis (IBAMA/MMA) for the authorization to collect the material; to Pedro L. 
Gallo e Luiz H. da Silva for collecting effort and to Prof. Dr. Luiz A. C. Bertollo for 
considerations. This study was financed by FAPESP (Fundação de Amparo à Pesquisa 
do Estado de São Paulo), CAPES (Coordenação de Aperfeiçoamento de Pessoal de Ní-
vel Superior), Fundação Araucária (Fundação Araucária de Apoio ao Desenvolvimento 
Científico e Tecnológico do Estado do Paraná) and CNPq (Conselho Nacional de 
Desenvolvimento Científico e Tecnológico).

References

Alves AL, Oliveira C, Nirchio M, Granado A, Foresti, F (2006) Karyotypic relationships 
among the tribes of Hypostominae (Siluriformes: Loricariidae) with description of XO 
sex chromosome system in a Neotropical fish species. Genetica 128: 1–9. doi: 10.1007/
s10709-005-0715-1

Andreata AA, Ferreira DC, Foresti F, Oliveira, C (2010) Molecular cytogenetic study of hetero-
chromatin in Hisonotus leucofrenatus (Teleostei, Loricariidae, Hypoptopomatinae). Heredi-
tas 147: 10–17. doi: 10.1111/j.1601-5223.2009.2149.x

Armbruster JW (2004) Phylogenetic relationships of the suckermouth armoured catfishes (Lo-
ricariidae) with emphasis on the Hypostominae and the Ancistrinae. Zoological Journal of 
the Linnean Society 141: 1–80. doi: 10.1111/j.1096-3642.2004.00109.x

Artoni RF, Bertollo LAC (1996) Cytogenetic studies on Hypostominae (Pisces, Siluriformes, 
Loricariidae). Considerantions on kariotype evolution in the genus Hypostomus. Caryolo-
gia 49: 81–90.

Artoni RF, Bertollo LAC (1999) Nature and distribution of constitutive heterochromatin in fishes, 
genus Hypostomus (Loricariidae). Genetica 106: 209–214. doi: 10.1023/A:1003957719178

Artoni RF, Bertollo LAC (2001) Trends in the karyotype evolution of Loricariidae fish (Siluri-
formes). Hereditas 134: 201–210. doi: 10.1111/j.1601-5223.2001.00201.x

Bellafronte E, Schemberger MO, Moreira-Filho O, Almeida MC, ArtoniRF, MargaridoVP, 
Vicari MR (2011) chromossomal markers and phylogenetic inferences among species of 
Parodontidae. Review in Fish Biology and Fisheries 21: 559–570. doi: 10.1007/s11160-
010-9177-3

http://dx.doi.org/10.1007/s10709-005-0715-1
http://dx.doi.org/10.1007/s10709-005-0715-1
http://dx.doi.org/10.1111/j.1601-5223.2009.2149.x
http://dx.doi.org/10.1111/j.1096-3642.2004.00109.x
http://dx.doi.org/10.1023/A:1003957719178
http://dx.doi.org/10.1111/j.1601-5223.2001.00201.x
http://dx.doi.org/10.1007/s11160-010-9177-3
http://dx.doi.org/10.1007/s11160-010-9177-3


Chromosomal polymorphism in H. iheringii 123

Bertollo LAC, Takahashi CS, Moreira-Filho O (1978) Cytotaxonomic considerations on Hop-
lias lacerdae (Pisces, Erythrinidae). Brazilian Journal of Genetics 2: 103–120.

Bueno V, Zawadzki CH, Margarido VP (2011) Trends in chromosome evolution in the genus 
Hypostomus Lacépède, 1803 (Osteichthyes, Loricariidae): a new perspective about the cor-
relation between diploid number and chromosomes types. Reviews in Fish Biology and 
Fisheries. doi: 10.1007/s11160-011-9215-9

Centofante L, Bertollo LAC, Moreira-Filho O (2006) Cytogenetic characterization and descrip-
tion of na XX/XY1Y2 sex chromosome system in catfish Harttia carvalhoi (Siluriformes, 
Loricariidae). Cytogenetic and Genome Research 12: 320–324. doi: 10.1159/000089887

Cereali SS, Pomini E, Rosa RS, Zawadzki CH, Froenlich O, Giluiano-Caetano L (2008) Kar-
yotype of two species of Hypostomus (Siluriformes, Loricariidae) of the Planalto da Bodo-
quena, Brazil. Genetic and Molecular Research 7: 583–591. doi: 10.4238/vol7-3gmr404

Cramer CA, Bonatto SL, Reis RE (2011) Molecular phylogeny of the Neoplecostominae and 
Hypoptopomatinae (Siluriformes: Loricariidae) using multiple genes. Molecular Phyloge-
netics and Evolution 59: 43–52. doi: 10.1016/j.ympev.2011.01.002

Foresti F, Oliveira C, Almeida-Toledo LF (1993) A method for chromosome preparations from 
large specimens of fishes using ‘in vitro” short treatment with colchicine. Experientia 49: 
810–813.

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/j.1095-8649.2000.
tb02224.x

Hartley SE, Horne MT (1984) Chromosome polymorphism and constitutive heterochromatin 
in the Atlantic salmon, Salmo salar. Chromosoma 89: 377–380. doi: 10.1007/BF00331255

Hatanaka T, Galetti Jr. PM (2004) Mapping of the 18S and 5S ribosomal RNA genes in the 
fish Prochilodus argenteus Agassiz, 1829 (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

Jerep FC, Shibatta OA, Zawadzki ch (2007) A new species of Hypostomus Lacépède, 1803 
(Siluriformes, Loricariidae) from the upper Rio Paraná basin, Southern Brazil. Neotropical 
Ichthyology 5: 435–442. doi: 10.1590/S1679-62252007000400002

Kantek DLZ, Vicari MR, Peres WAM, Cestari MM, Artoni RF, Bertollo LAC, Moreira-Filho 
O (2009) Chromosomal location and distribution of As51 satellite DNA in five species 
of the genus Astyanax (Teleostei, Characidae, Incertaesedis). Journal of Fish Biology 75: 
408–421. doi: 10.1111/j.1095-8649.2009.02333.x

Kavalco KF, Pazza R, Bertollo LAC, Moreira-Filho O (2004) Gene mapping of 5S rDNA sites 
in eight fish species from the Paraiba do Sul river basin, Brazil. Cytogenetic and Genome 
Research 106: 107–110. doi: 10.1159/000078567

Kavalco KF, Pazza R, Bertollo LAC, Moreira-Filho O (2005) Karyotypic diversity and evolution 
of Loricariidae (Pisces, Siluriformes). Heredity 94: 180–186. doi: 10.1038/sj.hdy.6800595

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

http://dx.doi.org/10.1007/s11160-011-9215-9
http://dx.doi.org/10.1159/000089887
http://dx.doi.org/10.4238/vol7-3gmr404
http://dx.doi.org/10.1016/j.ympev.2011.01.002
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/BF00331255
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/S1679-62252007000400002
http://dx.doi.org/10.1111/j.1095-8649.2009.02333.x
http://dx.doi.org/10.1159/000078567
http://dx.doi.org/10.1038/sj.hdy.6800595
http://dx.doi.org/10.1111/j.1601-5223.1964.tb01953.x


Josiane Baccarin Traldi et al.  /  Comparative Cytogenetics 6(2): 115–125 (2012)124

Lui RL, Blanco DR, Margarido VP, Moreira-Filho O (2009) First description of B chro-
mosomes in the family Auchenipteridae, Parauchenipterus galeatus (Siluriformes) of 
the São Francisco River basin (MG, Brazil). Mícron 40: 552–559. doi: 10.1016/j.mi-
cron.2009.03.004

Machado TC, Pansonato-Alves JC, Pucci MB, Nogaroto V, Almeida MC, Oliveira C, Foresti 
F, Bertollo LAC, Moreira-Filho O, Artoni RF, Vicari MR (2011) Chromosomal painting 
and ZW sex chromosomes differentiation in Characidium (Characiformes, Crenuchidae). 
BMC Genetics 12: 65. doi: 10.1186/1471-2156-12-65

Mantovani M, Abel LDS, Mestriner CA, Moreira-Filho O (2000) Accentuated polymor-
phism of heterochromatin and nucleolar organizer regions in Astyanax scabripinnis (Pisces, 
Characidae): tools for understanding karyotipic evolution. Genetica 109: 161–168. doi: 
10.1023/A:1017546601065

Mariotto S, Centofante L, Vicari MR, Artoni RF, Moreira-Filho O (2011) Chromosomal 
diversification in ribosomal DNA sites in Ancistrus Kner, 1854 (Loricariidae, Ancistrini) 
from three hydrographic basins of Mato Grosso, Brazil. Comparative Cytogenetic 5: 289–
300. doi: 10.3897/CompCytogen.v5i4.1757

Markovic VD, Worton RG, Berg JM (1978) Evidence for the inheritance of silver-stained 
nucleolus organizer regions. Human genetics 41: 181–187. doi: 10.1007/BF00273100

Martins C, Galetti Jr. PM (1999) Chromosomal localization of 5S DNA genes in Lepori-
nus fish (Anostomidae, Characiformes). Chromosome Research 7: 363–367. doi: 
10.1023/A:1009216030316

Mendes-Neto EO, Vicari MR, Artoni RF, Moreira-Filho O (2011) Description of karyotype 
in Hypostomus regani (Iheringi, 1905) (Teleostei, Loricariidae) from the Piumhi river in 
Brazil with comments on karyotype variation found in Hypostomus. Comparative Cytoge-
netics 5(2): 133–142. doi: 10.3897/CompCytogen.v5i2.964

Michelle JL, Takahashi CS, Ferrari I (1977) Kariotypic studies of some species of the family 
Loricariidae (Pisces). Cytologia 42: 536–549. doi: 10.1508/cytologia.42.539

Muramoto I, Ohno S, Atkin, NB (1968) On the diploid state of the fish order Ostariophysi. 
Chromosoma 24: 59–66. doi: 10.1007/BF00329607

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

Reis RE, Pereira EHL, Armbruster JAW (2006) Delturinae, a new loricariid catfish subfamily 
(Teleostei, Siluriformes), with revisions of Delturus and Hemipsilichthys. Zoological Jour-
nal of the Linnean Society 147: 277–299. doi: 10.1111/j.1096-3642.2006.00229.x

Rubert M, Zawadski CH, Giuliano-Caetano L (2008) Cytogenetic characterization of Hypos-
tomus nigromaculatus (Siluriformes: Loricariidae). Neotropical Ichthyology 6: 93–100. doi: 
10.1590/S1679-62252008000100011

Schwarzacher T, Heslop-Harrison P (2000) Practical In Situ Hybridization. Oxford, 203 pp.
Souza IL, Venere PC, Moreira-Filho O (2007) Constitutive heterochromatin and Ag-NOR 

polymorphisms in the small characid fish Astyanax scabripinnis (Jenyns, 1842). Cytologia 
72: 63–69. doi: 10.1508/cytologia.72.63

http://dx.doi.org/10.1016/j.micron.2009.03.004
http://dx.doi.org/10.1016/j.micron.2009.03.004
http://dx.doi.org/10.1186/1471-2156-12-65
http://dx.doi.org/10.1023/A:1017546601065
http://dx.doi.org/10.1023/A:1017546601065
http://dx.doi.org/10.3897/CompCytogen.v5i4.1757
http://dx.doi.org/10.1007/BF00273100
http://dx.doi.org/10.1023/A:1009216030316
http://dx.doi.org/10.1023/A:1009216030316
http://dx.doi.org/10.3897/CompCytogen.v5i2.964
http://dx.doi.org/10.1508/cytologia.42.539
http://dx.doi.org/10.1007/BF00329607
http://dx.doi.org/10.1073/pnas.83.9.2934
http://dx.doi.org/10.1111/j.1096-3642.2006.00229.x
http://dx.doi.org/10.1590/S1679-62252008000100011
http://dx.doi.org/10.1590/S1679-62252008000100011
http://dx.doi.org/10.1508/cytologia.72.63


Chromosomal polymorphism in H. iheringii 125

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

Weber C (2003) Subfamily Hypostominae. In: Reis RE, Kullander SO, Ferraris CJ (Eds) 
Checklist of the freshwater fishes of South and Central America. Porto Alegre, Edipucrs, 
351–372.

Wichman HA, Payne CT, Ryder OA, Hamilton MJ, Maltbie M, Baker RJ (1991) Genomic 
distribution of heterochromatic sequences in equids: implications to rapid chromosomal 
evolution. Journal of Heredity 82: 369–377.

Zawadzki CH, Weber C, Pavanelli CS (2010) A new darksaddled species of Hypostomus 
(Siluriformes: Loricariidae) from the upper rio Paraguay basin. Neotropical Ichthyololgy 
8: 719–725. doi: 10.1590/S1679-62252010000400003

Ziemniczak K, Barros AV, Rosa KO, Nogaroto V, Almeida MC, Cestari MM, Moreira-Filho 
O. Artoni RF, Vicari MR (in press) Comparative cytogenetics of Loricariidae (Actinop-
terygii: Siluriformes): emphasis in Neoplecostominae and Hypoptopomatinae. Italian 
Journal of Zoology.

http://dx.doi.org/10.1016/0014-4827(72)90558-7
http://dx.doi.org/10.1159/000073413
http://dx.doi.org/10.1590/S1679-62252010000400003

