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ABSTRACT. We examined chromosomes of three species of the 
genus Hypostomus, in order to contribute to the understanding of the 
karyotype evolution of this group. Specimens of H. ancistroides and H. 
nigromaculatus displayed differences in karyotype formulas, distribution 
and location of heterochromatin and nucleolus organizer regions when 
compared to other populations of the same species. We made the first 
cytogenetic characterization of H. tapijara, an endemic species in the 
Ribeira de Iguape River. These specimens had 2n = 66 chromosomes, 
while H. ancistroides showed 2n = 68 and H. nigromaculatus 2n = 
76 chromosomes. Physical mapping of 18S and 5S rDNA sites of the 
three species showed simple, multiple and syntenic clusters. Synteny 
of ribosomal sites was found in H. ancistroides and H. tapijara, and 
an interspersed pattern between these sites in all chromosomes bearing 
the synteny was observed. We conclude that the genus Hypostomus 
has a high chromosome complexity that is accompanied by great 
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morphological variation. It is evident that this group comprises an 
interesting model for understanding the chromosome evolution of 
Neotropical ichthyofauna.
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INTRODUCTION

In eukaryotes, the ribosomal genes comprise two distinct multigene classes that are 
composed of tandemly arrayed repeated sequences. The major rDNA (45S) corresponds to the 
nucleolus organizer region (NOR) and includes the genes encoding 18S, 5.8S and 28S rRNAs, 
and an intergenic non-transcribed spacer; the minor rDNA is comprised of a gene class encod-
ing 5S rRNA molecules (Long and David, 1980). Due to the apparent molecular conservation 
of ribosomal sites among closely related groups of organisms, such sequences can be useful 
tools for cytotaxonomic and evolutionary studies.

In fish, the active 45S rDNA sites in interphase were initially identified by silver-
staining (AgNOR). Since then, fluorescence in situ hybridization (FISH) has allowed for the 
localization of all major and minor rDNA sites. High-resolution variations of FISH have been 
used on many groups of organisms (Guerra, 2004). Among these techniques, hybridization on 
extended chromatin fiber (fiber-FISH), although not yet widely used in cytogenetic studies of 
fish (Barros et al., 2011), is a tool with great potential to contribute to various types of studies, 
as is observed for other classes of organisms (Muñoz-Pajares et al., 2011).

Among fish, Loricariidae is a highly diversified group with wide geographical distri-
bution; it comprises the armored catfishes (Ferraris Jr., 2007). According to Reis et al. (2006), 
this group is subdivided into six subfamilies: Loricariinae, Hypoptopomatinae, Hypostomi-
nae, Neoplecostominae, Lithogeninae, and Delturinae. In Hypostominae, the diploid number 
(2n) varies from 34 chromosomes in Ancistrus cuiabae (Mariotto et al., 2011) to 84 chromo-
somes in Hypostomus sp 2 (Cereali et al., 2008). Most cytogenetic studies show great vari-
ability in some chromosome features; however, molecular analyses, such as physical mapping 
of ribosomal genes, have been done for only a small number of species (Mariotto et al., 2011; 
Mendes-Neto et al., 2011; Rubert et al., 2011; Ziemniczak et al., 2012; Traldi et al., 2012). 

Considering the importance of ribosomal genes in karytoype evolutionary studies and 
the relatively few studies that involve physical mapping of these genes in Hypostominae, we 
analyzed the species H. ancistroides, H. nigromaculatus and H. tapijara by classical (conven-
tional staining, C-banding and silver-staining) and molecular cytogenetic methods (FISH of 
mitotic chromosomes and extended chromatin fiber), in order to contribute to the understand-
ing of the karyotype evolution of the genus Hypostomus, especially regarding the physical 
location of 18S and 5S ribosomal genes.

MATERIAL AND METHODS

We collected specimens of H. ancistroides (11 females and 10 males) and H. nigro-
maculatus (13 females and 13 males) from the Lapa Stream, Ipeúna city, São Paulo, Brazil, 
and specimens of H. tapijara (26 females and 14 males) from Ribeira de Iguape River, 
Registro city, São Paulo, Brazil. The specimens were deposited in the Museum of Zoology 
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at the University of São Paulo, under voucher numbers MZUSP 110802, MZUSP 110801 
and MZUSP 109785, respectively. Cell suspensions were obtained from the anterior portion 
of the kidney of these specimens, according to the procedures described by Foresti et al. 
(1993). The slides with extended chromatin fibers were obtained according to the protocols 
described by Fidlerova et al. (1994) and Muñoz-Pajares et al. (2011), adapted for fish (Bar-
ros et al., 2011).

The mitotic chromosomes were stained with a solution of 5% Giemsa and divided 
into four karyotype groups: metacentrics (m), submetacentrics (sm), subtelocentrics (st), and 
acrocentrics (a) (Levan et al., 1964). The heterochromatic distribution pattern was determined 
according to the protocol described by Sumner (1972), with modifications in the coloring 
step (Lui et al., 2012). The NORs were identified by AgNOR, described by Howell and Black 
(1980). 

The physical mapping of 18S and 5S rDNAs in mitotic chromosomes and extended 
chromatin fiber was performed according to Pinkel et al. (1986), with probes obtained from 
Prochilodus argenteus (Hatanaka and Galetti, 2004) and Leporinus elongatus (Martins and 
Galetti Jr., 1999), respectively. The 18S rDNA probe was labeled with biotin-16-dUTP and 
the 5S rDNA probe with digoxigenin-11-dUTP, by nick translation, according to manufac-
turer instructions (Roche Applied Science). The hybridization procedure was performed under 
high-stringency conditions - 77% (200 ng of each probe, 50% deionized formamide, 10% 
dextran sulfate, 2X SSC, pH 7.0-7.2, at 37°C overnight). After hybridization, the slides were 
washed in 15% formamide/0.2X SSC at 42°C for 20 min, 0.1X SSC at 60°C for 15 min and 
4X SSC/0.05% Tween at room temperature for 10 min. The last step was performed in two 
5-min washes. The signal detection was performed using avidin-FITC (Sigma) 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 antifading + 1 
μL DAPI - 0.2 mg/mL) and analyzed under an Olympus BX51 epifluorescence microscope 
with an image capture system (Olympus DP72).

RESULTS

H. ancistroides showed 2n = 68 chromosomes (14m + 16sm + 22st + 16a), funda-
mental number (FN) = 120 (Figure 1A). AgNOR revealed multiple NORs, in the terminal 
regions of the short arms of chromosome pairs 8, 13 and 15 (Figure 1B, box). C-banding 
revealed small amounts of heterochromatin, distributed over terminal and centromeric re-
gions of several chromosomes (Figure 1B). In chromosome pair 15, there was overlapping 
between heterochromatic sites and the NOR (Figure 1B). H. nigromaculatus showed 2n = 
76 chromosomes (12m + 22sm + 30st + 12a), with FN = 140 (Figure 1C). AgNOR revealed 
a single NOR, in the terminal position of the long arm of acrocentric pair 33 (Figure 1D, 
box). C-banding revealed that the heterochromatin was located in terminal and centromeric 
portions of a few chromosome pairs (Figure 1D); there was overlapping between hetero-
chromatic sites and NORs (Figure 1D). H. tapijara showed 2n = 66 chromosomes (14m + 
24sm + 14st + 14a), FN = 118 (Figure 1E). AgNOR revealed multiple NORs, allocated in 
the terminal portion of the short arm of the metacentric pair 4 and in the long arm of acro-
centric pair 29 (Figure 1F, box). In C-banding the most prominent heterochromatic blocks 
overlapped with AgNORs (Figure 1F).
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Figure 1. Karyotypes of Hypostomus ancistroides (A, B), H. nigromaculatus (C, D) and H. tapijara (E, F) with 
conventional Giemsa-staining (A, C, E) and C-banding (B, D, F). m = metacentrics; sm = submetacentrics; st = 
subtelocentrics; a = acrocentrics. 
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In H. ancistroides, the FISH with 18S rDNA probe confirmed the results obtained by 
silver staining; however, only one chromosome of pair 15 showed a signal (Figure 2A). There 
were three chromosome pairs bearing 5S rDNA sites: pair 2, with an interstitial marking on the 
short arm, and pairs 8 and 13, which presented a syntenic condition with the 18S rDNA site 
(Figure 2A). In H. nigromaculatus, FISH with 18S rDNA probe confirmed the result obtained 
by silver staining, showing only acrocentric pair 33 bearing this cistron (Figure 2B). There 
was one chromosome pair bearing 5S rDNA sites: pair 2, with an interstitial marking on the 
short arm (Figure 2B). In H. tapijara, the FISH with 18S rDNA revealed a larger number of 
sites than was observed with AgNOR, showing sites in the terminal portion of the short arm of 
chromosome pairs 4 and 10, and in the terminal portion of the long arm of pair 29 (Figure 2C). 
There were four chromosome pairs bearing 5S rDNA sites: pair 2, with an interstitial mark-
ing on the short arm, pair 31 with an interstitial marking on the long arm, and pairs 4 and 10, 
which presented a syntenic condition with the 18S rDNA site (Figure 2C).

Figure 3. Mitotic chromosomes (A, B, C, G, H, I) and extend chromatin fibers (D, E, F, J, K, L) after double-FISH 
using 18S rDNA (green signal) and 5S rDNA (red signal) probes of Hypostomus ancistroides (A, B, C, D, F) and 
H. tapijara (G, H, I, J, K, L). The numbers show the chromosome pairs bearing ribosomal sites.

Figure 2. Metaphases of Hypostomus ancistroides (A), H. nigromaculatus (B) and H. tapijara (C) after double-
FISH using 18S rDNA (green signal) and 5S rDNA (red signal) probes. The numbers show the chromosome pairs 
bearing ribosomal sites.

Physical mapping of the ribosomal genes on extended chromatin fiber in H. ancistroi-
des showed fibers at one of these sites, which corresponds to chromosomes bearing one type of 
rDNA and fibers with both rDNA sites, co-localized (pairs 8 and 13) (Figures 3A-F). Physical 
mapping of the ribosomal genes on extended chromatin fiber in H. tapijara showed fibers with 
one of these sites, which correspond to chromosomes bearing one type of rDNA and fibers 
with both rDNA sites co-localized (pairs 4 and 10) (Figures 3G-L).
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DISCUSSION

Hypostomus is the most prevalent genus of armored catfishes in Brazilian rivers. It 
is widespread all over South America and occurs in a great variety of freshwater ecosystems 
(Oyakawa et al., 2005). Among Hypostominae, Hypostomus is one of the most widely studied 
genera by cytogenetic methods; however, the high diversity in this group remains unexplored 
(Rubert et al., 2011). The characterization we made of H. tapijara (endemic species of Ribeira 
de Iguape basin) comprises the first chromosomal data on this species; a large number of spe-
cies of Hypostomus have not had chromosomal analysis yet. 

This genus is known for its wide degree of chromosome diversification (Artoni and 
Bertollo, 2001; Mendes-Neto et al., 2011; Bueno et al., 2012), with 2n ranging from 54 chro-
mosomes in H. plecostomus (Muramoto et al., 1968) to 84 chromosomes in Hypostomus sp 2 
(Cereali et al., 2008). Nevertheless, H. plecostomus could be a case of misidentification and 
could belong to another Loricariidae genus. In this case, H. cochliodon (Armbruster, 2003) with 
2n = 62 chromosomes (Cereali et al., 2004) would have the lowest 2n value in Hypostomus. 
Artoni and Bertollo (2001) considered 2n = 54 chromosomes as a putative primitive condition 
in Loricariidae, since it is reported in the basal genera and in the sister group Trichomycteridae. 
Thus, rearrangements like centric fissions could have led to the increased diploid number ob-
served in several species of the group. In fact, all so-far-studied species of Hypostomus show a 
2n higher than 54 chromosomes (Bueno et al., 2012), as in the three species that we studied here 
(H. ancistroides with 2n = 68, H. nigromaculatus with 2n = 76, and H. tapijara with 2n = 66).

Karyotype variations with conservation of the 2n over distinct populations of the same 
species are common in Hypostomus (Artoni and Bertollo, 1996; Alves et al., 2006; Mendes-
Neto et al., 2011; Rubert et al., 2011). We found this situation in H. ancistroides and H. nigro-
maculatus, species that are widespread in Brazilian basins. All populations of H. ancistroides 
and H. nigromaculatus that have been studied showed 2n = 68 chromosomes (Artoni and 
Bertollo, 1996; Alves et al., 2006; Rubert et al., 2011) and 76 chromosomes (Rubert et al., 
2008), respectively, with differences in karyotype formulae, heterochromatic pattern and NOR 
location. According to Bueno et al. (2012), in addition to the centric fissions, pericentric and 
paracentric inversions also have an important role in karyotype diversification of Hyposto-
mus, which could explain these population differences. On the other hand, Rosa et al. (2011) 
indicated that gametic combinations in chromosome number of polymorphic populations of 
Loricariidae have also led to fundamental number variation.

The ribosomal sites are important cytotaxonomic and evolutionary markers for under-
standing chromosome diversity in fish. According to Alves et al. (2006), multiple NORs in ter-
minal position are common in species of Hypostomus, but the simple NOR condition is also 
observed in some species of this genus. The variability of this feature in this group is obvious, con-
tributing to its chromosome diversity. In the genus Hypostomus, variations in the heterochromatic 
pattern among different species are commonly observed, as we found here. Heterochromatic seg-
ments that overlap with or are adjacent to ribosomal sites are frequent in Neotropical fish, as we 
observed with H. ancistroides, H. nigromaculatus and H. tapijara, a fact that, probably, enabled 
the dispersion of NOR sites over the genome (Moreira-Filho et al., 1984; Vicari et al., 2008). 

FISH confirmed the variation of the 18S rDNA sites noticed in species of Hypostomus 
and made possible the identification of the numerical and positional diversity of rDNA 5S 
sites (Kavalco et al., 2004; Mendes-Neto et al., 2011; Rubert et al., 2011; Traldi et al., 2012). 
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Apparently, the interstitial site of 5S rDNA in a metacentric pair is constant in species of Hy-
postomus, as found in H. regani (Mendes-Neto et al., 2011), H. iheringii (Traldi et al., 2012), 
H. ancistroides, H. nigromaculatus, and H. tapijara (this paper). Thus, it is possible that this 
site represents a primitive condition within this genus. However, variations in the number and 
location of 5S rDNA sites are observed among species of Hypostomus; they could be a result 
dispersion of this sequence mediated by transposable elements (Da Silva et al., 2011).

In Hypostomus, absence of rDNA sites detected by FISH in both homolog chromo-
somes is recurrent. This condition, that we found for the 18S rDNA site of chromosome pair 
15 in H. ancistroides, was previously observed in H. regani (Mendes-Neto et al., 2011) and H. 
iheringii (Traldi et al., 2012). Possibly, it is due to the limited sensitivity of the technique for 
detecting very small sites (Schwarzacher and Heslop-Harrison, 2000). 

In fish, arrangement of ribosomal sites in distinct chromosomes is the situation that is 
most often found (Lui et al., 2009). According to Martins and Galetti Jr. (1999), this condition 
could provide advantages compared to the syntenic arrangement. Gene conversion and unequal 
crossing mechanisms are likely to occur in 18S and 5S rDNA sites with syntenic arrangements; 
thus, the location of these genes on different chromosomes avoids possible unfavorable rear-
rangements (Dover, 1986). However, several groups of Neotropical fish carry the major and 
minor ribosomal genes in the same chromosome in an adjacent, distant or co-located position 
(Hatanaka and Galetti Jr., 2004; Moraes-Neto et al., 2011). The synteny between ribosomal 
genes in metacentric/submetacentric pairs observed in H. ancistroides and H. tapijara is the 
first report of this condition in the genus. The analysis of FISH on extended chromatin fibers of 
these species revealed that these genes are interspersed in the chromosomes bearing synteny. 
In eukaryotes, the transcription of 18S rDNA is performed by RNA polymerase I, whereas the 
5S rDNA sequence is transcribed by RNA polymerase III (Snustad and Simmons, 2006). Given 
the transcriptional activity of 18S rDNA sites confirmed by AgNOR, and the possible physical 
restriction between the performances of the two transcription complexes in the same chromo-
somal segment, the sites of 5S rDNA co-located with the 18S rDNA could be pseudogenes. 
However, in pair 10 of H. tapijara, no sites had AgNOR and thus it is not possible to define the 
functional condition of ribosomal genes in this chromosome pair. On the other hand, it is pos-
sible that these genes are transcribed from different DNA strands; thus, both could be active, as 
was observed for other contiguous genes in crustaceans (Barzotti et al., 2000).

In Loricariidae, the most widely species analyzed display distinct chromosomes with 
ribosomal sites (Mariotto et al., 2011; Mendes-Neto et al., 2011; Rosa et al., 2011; Ziemniczak 
et al., 2012). A syntenic condition of these genes was observed in H. ancistroides and H. tapi-
jara (this paper), and in species of the subfamilies Neoplecostominae and Hypoptopomatinae 
(Ziemniczak et al., 2012), Hypostominae - tribe Ancistrini (Mariotto et al., 2011) and Loricari-
iane (Kavalco et al., 2004). This arrangement is considered as a probable primitive condition 
of this family because this condition is found in the outgroup Trichomycteridae (Ziemniczak 
et al., 2012). The synteny of H. ancistroides and H. tapijara could be a vestige of this primitive 
condition since they showed a low 2n number, whereas in H. nigromaculatus chromosome 
rearrangements could have promoted a derived condition. 

Among the Loricariidae, Hypostomus is considered a derived genus. Chromosome 
studies have identified a great karyotype variation in the group, including derived features, such 
as high diploid numbers and multiple NORs, as well as primitive characteristics, like synteny 
between ribosomal genes. Thus, it is evident that there is chromosome complexity in this genus, 
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which is accompanied by considerable morphological variation, showing that this genus could 
be an interesting model for studies of chromosome evolution in Neotropical ichthyofauna. 

ACKNOWLEDGMENTS

The authors are grateful to Cláudio Henrique Zawadzki and Osvaldo Takeshi Oyakawa 
(MZUSP) for the identification of the specimens, to Luis Henrique da Silva and Pedro Luis Gallo 
for help with the sampling, and to the Instituto Brasileiro do Meio Ambiente e dos Recursos 
Naturais Renováveis (IBAMA - grant #10538-1) for authorization to collect the material. 
Research supported by Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP 
- grant #2010/12789-0), Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq - grant #471898/2010-4), Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (CAPES - grant #0854/2008), and Fundação Araucária de Apoio ao Desenvolvimento 
Científico e Tecnológico do Estado do Paraná (Fundação Araucária - grant #22843/2011).

REFERENCES

Alves AL, Oliveira C, Nirchio M, Granado A, et al. (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.

Armbruster JW (2003). The species of the Hypostomus cochliodon group (Siluriformes: Loricariidae). Zootaxa 249: 1-60.
Artoni RF and Bertollo LAC (1996). Cytogenetic studies on Hypostominae (Pisces, Siluriformes, Loricariidae). 

Considerations on karyotype evolution in the genus Hypostomus. Caryologia 49: 81-90.
Artoni RF and Bertollo LA (2001). Trends in the karyotype evolution of Loricariidae fish (Siluriformes). Hereditas 134: 

201-210.
Barros AV, Sczepanski TS, Cabrero J, Camacho JPM, et al. (2011). Fiber FISH reveals different patterns of high-resolution 

physical mapping for repetitive DNA in fish. Aquaculture 322-323: 47-50.
Barzotti R, Pelliccia F, Bucciarelli E and Rocchi A (2000). Organization, nucleotide sequence, and chromosomal mapping 

of a tandemly repeated unit containing the four core histone genes and a 5S rRNA gene in an isopod crustacean 
species. Genome 43: 341-345.

Bueno V, Zawadzki CH and Margarido VP (2012). Trends in chromosome evolution in the genus Hypostomus Lacépède, 
1803 (Osteichthyes, Loricariidae): a new perspective about the correlation between diploid number and chromosomes 
types. Rev. Fish Biol. Fish. 22: 241-250.

Cereali SS, Pomini E, Froehlich O and Giuliano-Caetano L (2004). Possíveis Evidências de Sistema Sexual XX/XY em 
Hypostomus coclhiodon (Loricariidae, Siluriformes) do Planalto da Bodoquena - Mato Grosso do Sul. Anais do X 
Simpósio de Citogenética e Genética de Peixes, Natal, 137.

Cereali SS, Pomini E, Rosa R, Zawadzki CH, et al. (2008). Karyotype description of two species of Hypostomus 
(Siluriformes, Loricariidae) of the Planalto da Bodoquena, Brazil. Genet. Mol. Res. 7: 583-591.

Da Silva M, Matoso DA, Vicari MR, de Almeida MC, et al. (2011). Physical mapping of 5S rDNA in two species of 
Knifefishes: Gymnotus pantanal and Gymnotus paraguensis (Gymnotiformes). Cytogenet. Genome Res. 134: 303-307.

Dover GA (1986). Molecular drive in multigene families: How biological novelties arise, spread and are assimilated. 
Trends Genet. 2: 159-165.

Ferraris CJ Jr (2007). Checklist of catfishes, recent and fossil (Osteichthyes, Siluriformes) and catalogue of siluriform 
primary types. Zootaxa 1418: 1-628.

Fidlerova H, Senger G, Kost M, Sanseau P, et al. (1994). Two simple procedures for releasing chromatin from routinely 
fixed cells for fluorescence in situ hybridization. Cytogenet. Cell Genet. 65: 203-205.

Foresti F, Oliveira C and 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.

Guerra M (2004). FISH - Conceitos e Aplicações na Citogenética. Sociedade Brasileira de Genética, Ribeirão Preto.
Hatanaka T and Galetti PM Jr (2004). Mapping of the 18S and 5S ribosomal RNA genes in the fish Prochilodus argenteus 

Agassiz, 1829 (Characiformes, Prochilodontidae). Genetica 122: 239-244.
Howell WM and Black DA (1980). Controlled silver-staining of nucleolus organizer regions with a protective colloidal 

developer: a 1-step method. Experientia 36: 1014-1015.



471

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 12 (1): 463-471 (2013)

Physical mapping of ribosomal genes in Hypostomus

Kavalco KF, Pazza R, Bertollo LA and Moreira-Filho O (2004). Gene mapping of 5S rDNA sites in eight fish species from 
the Paraiba do Sul river basin, Brazil. Cytogenet. Genome Res. 106: 107-110.

Levan A, Fredga K and Sandberg AA (1964). Nomenclature for centromeric position on chromosomes. Hereditas 52: 
201-220.

Long EO and Dawid IB (1980). Repeated genes in eukaryotes. Annu. Rev. Biochem. 49: 727-764.
Lui RL, Blanco DR, Margarido VP and Moreira-Filho O (2009). First description of B chromosomes in the family 

Auchenipteridae, Parauchenipterus galeatus (Siluriformes) of the São Francisco River basin (MG, Brazil). Micron 
40: 552-559.

Lui RL, Blanco DR, Moreira-Filho O and Margarido VP (2012). Propidium iodide for making heterochromatin more 
evident in the C-banding technique. Biotech. Histochem. 87: 433-438.

Mariotto S, Centofante L, Vicari MR, Artoni RFA, et al. (2011). Chromosomal diversification in ribosomal DNA sites 
in Ancistrus Kner, 1854 (Loricariidae, Ancistrini) from three hydrographic basins of Mato Grosso, Brazil. Comp. 
Cytogen. 5: 289-300.

Martins C and Galetti PM Jr (1999). Chromosomal localization of 5S rDNA genes in Leporinus fish (Anostomidae, 
Characiformes). Chromosome Res. 7: 363-367.

Mendes-Neto EO, Vicari MR, Artoni RF and Moreira-Filho O (2011). Description of karyotype in Hypostomus regani 
(Ihering, 1905) (Teleostei, Loricariidae) from the Piumhi river in Brazil with comments on karyotype variation found 
in Hypostomus. Comp. Cytogen. 5: 133-142.

Moraes-Neto A, Silva M, Matoso DA, Vicari MR, et al. (2011). Karyotype variability in neotropical catfishes of the family 
Pimelodidae (Teleostei: Siluriformes). Neotrop. Ichthyol. 9: 97-105.

Moreira-Filho O, Bertollo LAC and Galetti PM Jr (1984). Structure and variability of nucleolar organizer regions in 
Parodontidae fish. Can. J. Genet. Cytol. 26: 564-568.

Muñoz-Pajares AJ, Martinez-Rodriguez L, Teruel M, Cabrero J, et al. (2011). A single, recent origin of the accessory B 
chromosome of the grasshopper Eyprepocnemis plorans. Genetics 187: 853-863.

Muramoto JI, Ohno S and Atkin NB (1968). On the diploid state of the fish order Ostariophysi. Chromosoma 24: 59-66.
Oyakawa OT, Akama A and Zanata AM (2005). Review of the genus Hypostomus Lacépède, 1803 from rio Ribeira de 

Iguape basin, with description of a new species (Pisces, Siluriformes, Loricariidae). Zootaxa 921: 1-27.
Pinkel D, Straume T and Gray JW (1986). Cytogenetic analysis using quantitative, high-sensitivity, fluorescence 

hybridization. Proc. Natl. Acad. Sci. U. S. A. 83: 2934-2938.
Reis RE, Pereira EHL and Armbruster JW (2006). Delturinae, a new loricariid catfish subfamily (Teleostei, Siluriformes), 

with revisions of Delturus and Hemipsilichthys. Zool. J. Linn. Soc. 147: 227-299.
Rosa KO, Ziemniczak K, Barros AV, Nogaroto V, et al. (2011). Numeric and structural chromosome polymorphism in 

Rineloricaria lima (Siluriformes: Loricariidae): fusion points carrying 5S rDNA or telomere sequence vestiges. Rev. 
Fish Biol. Fish. 22: 739-749.

Rubert M, Zawadski CH and Giuliano-Caetano L (2008). Cytogenetic characterization of Hypostomus nigromaculatus 
(Siluriformes: Loricariidae). Neotrop. Ichthyol. 6: 93-100.

Rubert M, Rosa R, Jerep FC, Bertollo LAC, et al. (2011). Cytogenetic characterization of four species of the genus 
Hypostomus Lacépède, 1803 (Siluriformes, Loricariidae) with comments on its chromosomal diversity. Comp. 
Cytogen. 5: 397-410.

Schwarzacher T and Heslop-Harrison P (2000). Practical In Situ Hybridization. BIOS Scientific Publishers, Oxford.
Snustad P and Simmons MJ (2006). Principles of Genetics. Wiley, New York.
Sumner AT (1972). A simple technique for demonstrating centromeric heterochromatin. Exp. Cell Res. 75: 304-306.
Traldi JB, Vicari MR, Blanco DR, Martinez JF, et al. (2012). First karyotype description of Hypostomus iheringii (Regan, 

1908): a case of heterochromatic polymorphism. Comp. Cytogen. 6: 115-125.
Vicari MR, Artoni RF, Moreira-Filho O and Bertollo LA (2008). Colocalization of repetitive DNAs and silencing of major 

rRNA genes. A case report of the fish Astyanax janeiroensis. Cytogenet. Genome Res. 122: 67-72.
Ziemniczak K, Barros AV, Rosa KO, Nogaroto V, et al. (2012). Comparative cytogenetics of Loricariidae (Actinopterygii: 

Siluriformes): emphasis in Neoplecostominae and Hypoptopomatinae. Ital. J. Zool. 79: 1-10.


