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ABSTRACT. Five specimens of Rhamdia quelen collected from 
the Lindóia Stream, PR, Brazil, were cytogenetically analyzed. The 
diploid chromosome number found was 58, including 30 metacentric, 
16 submetacentric, 10 subtelocentric, and 2 acrocentric chromosomes. 
Supernumerary or B chromosomes, frequently observed in this fish 
group, were not detected. One of the individuals was triploid, with 
3n = 87. A silver-stained nucleolar organizer region was found on a 
pair of submetacentric chromosomes of the diploid specimens, and 
on three chromosomes of the triploid individual, confirming triploidy. 
Treatment with fluorochrome chromomycin A3 revealed fluorescent 
bands coincident with those of the silver-stained nucleolar organizer 
region, in both diploid and triploid individuals, showing that this is a 
GC-rich region. Heterochromatin distribution was visualized by the 
C-banding technique, mainly in the terminal chromosome regions of 
the individuals and was also observed in the pericentromeric regions of 
some chromosomes and at both telomeres. 
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INTRODUCTION

Several cases of polyploidy in lower vertebrates have already been reported; however, 
triploidy, the only form of polyploidy that has been described in Neotropical fish thus far, is 
becoming more frequent with the increase in the number of species and/or populations ana-
lyzed. The occurrence of triploidy has already been recorded for 16 species of fish belonging 
to different families, with greater frequency in some species of the genus Astyanax (Table 1).

Species	 Total individuals	 Total triploid	 2n	 3n	 Reference
	 analyzed	 individuals

Characidae
   Astyanax schubarti	 21	 1	 36	 54	 Morelli et al. (1983)
   Astyanax scabripinnis	 40 (27♀/13♂)	 1	 50	 75 + 1B	 Maistro et al. (1994)
   Astyanax scabripinnis	 86 (27♀/59♂)	 1	 50	 75 + 2B	 Maistro et al. (1994)
   Astyanax scabripinnis	 64 (52♀/22♂)	    1♀	 50	 75 + 2B	 Fauaz et al. (1994)
   Astyanax aff. Scabripinnis	 5 (2♀/3♂)	    1♀	 48	 72	 Malacrida et al. (2003) 
   Astyanax bockmanni (cited as	 30 (15♀/15♂)	 1♀ and 1♂	 50	 75	 Fauaz et al. (1994) 
      A. eigenmanniorum)	
   Astyanax sp D	 7 (2♀/5♂)	 1	 50	 75	 Kantek et al. (2007)
Crenuchidae
   Characidium gomesi	 27 (16♀/11♂)	     1♀	 50 (ZZW)	 75	 Centofante et al. (2001)
Curimatidae
   Curimata modesta	 10	 1	 54	 81 + 1B	 Venere and Galetti Jr. (1985)
Sternopygidae	
   Eigenmania sp	  6 (3♀/3♂)	 1	 31/32	 46	 Almeida-Toledo et al. (1985)
Gymnotidae
   Gymnotus carapo	    17 (4♀/10♂/3?)	 1	 54	 81	 Fernandes-Matioli et al. (1998)
Erythrinidae
   Hoplerythrinus unitaeniatus	 22 (15♀/7♂)	    1♀	 48	 72	 Giuliano-Caetano and Bertollo (1990)
Heptapteridae
   Rhamdia sp	 13 (7♀/6♂)	    1♀	 58	 87	 Garcia et al. (2003)
   Rhamdia quelen	   5	 1	 58	 87	 Present study
Trichomycteridae
   Trichomycterus davisi	  50	 1	 54	 81	 Borin et al. (2002)
Anostomidae
   Leporinus cf. elongatus	 28	     1♂	 54 (ZZZ)	 81	 Molina et al. (2007)

Table 1. Occurrence of natural triploidy in Neotropical fishes.

In Curimata modesta (Venere and Galetti Jr., 1985) and Astyanax scabripinnis (Fauaz 
et al., 1994; Maistro et al., 1994), triploidy was accompanied by supernumerary or B chromo-
somes. Triploidy in Characidium gomesi (Centofante et al., 2001) and in Leporinus cf. elon-
gatus (Molina et al., 2007) was even more interesting, since these species have differentiated 
sex chromosomes. In the first species, the triploid individual was a female with one W and two 
Z chromosomes, while in the second the triploid was a male with 3 Z chromosomes.

The fertilization of a diploid oocyte by a haploid spermatozoon, combined with pos-
sible thermal shocks (Cuellar and Uyeno, 1972; Valenti, 1975), has been considered the most 
probable origin of these triploid individuals.

In the present study, a chromosome analysis of a Rhamdia quelen population was car-
ried out, whereby the occurrence of natural triploidy was observed and recorded in this species. 

MATERIAL AND METHODS

Five specimens of R. quelen collected in the Lindóia Stream, Paraná, Brazil, Tibagi 
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River basin (23° 16’24.24”S and 51° 8’21.55”W), were cytogenetically studied. Chromosome 
preparations were obtained from kidney cells by the direct method described by Bertollo et 
al. (1978) and from cultured lymphocytes following the method of Fenocchio and Bertollo 
(1988). The chromosomes were classified as metacentric (m), submetacentric (sm) and sub-
telocentric (st), according to arm ratio as proposed by Levan et al. (1964), and as acrocentric 
(a) with r equal to or greater than 7. Chromosomes classified as metacentric, submetacentric 
and subtelocentric were considered as biarmed, and acrocentric ones as uniarmed, to determine 
the fundamental number (FN). Silver staining of the nucleolar organizer region (AgNOR) and 
C-banding were performed using the methods of Howell and Black (1980) and Sumner (1972), 
respectively. Chromomycin A3 (CMA3) staining followed Schweizer (1980). 

RESULTS AND DISCUSSION

Four of the five individuals analyzed exhibited a diploid number equal to 58, which is 
the most frequently found in this genus. The karyotype formula showed 30m, 16sm, 10st, and 
2a chromosomes, with an FN of 114 (Figure 1A). Although the occurrence of supernumerary 
or B chromosomes is common in the species studied, the presence of these chromosomes was 
not observed in this R. quelen population.

Figure 1. Karyotypes of Rhamdia quelen. A. Diploid individual. B. Triploid individual. m = metacentric; sm = 
submetacentric; st = subtelocentric; a = acrocentric. Bar = 10 µm.
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One individual of R. quelen analyzed in the present study displayed 45m, 21sm, 
15st, and 6a chromosomes, with a total of 87, characterizing a natural triploid, and did 
not show the presence of B chromosomes (Figure 1B). This triploid displayed all the 
morphological characteristics of the species and did not show any difference when 
compared to the diploids. A case of triploidy in the genus Rhamdia has already been 
reported by Garcia et al. (2003) in one specimen of Rhamdia sp collected from the 
Grande Stream in Pindamonhangaba, SP, which also showed a karyotype number of 
3n = 87 and a lack of B chromosomes, although such chromosomes were found to be 
present in the diploids.

Some hypotheses can explain the origin of natural triploids. Nevertheless, the 
most likely and most accepted is the fertilization of a diploid egg by a haploid sperm 
(Cuellar and Uyeno, 1972). The causes of non-reduced ovules may be related to pos-
sible thermal shocks and chemical agents during spawning (Romashov and Belyaeva, 
1965; Al-Sabti et al., 1983). Fertilization is external in the majority of fish, with oocytes 
finishing the second meiotic division in the external medium and having a greater pos-
sibility of being affected by the environmental conditions compared to spermatozoa 
(Fauaz et al., 1994). 

The individuals of R. quelen, the subject of this study, were collected from a re-
gion that suffers from degradation, especially correlated to the decomposition of organic 
matter and the absence of riparian vegetation, resulting from urban and agricultural oc-
cupation (Limberger and Corrêa, 2005). Such environmental disturbances may affect 
oocyte meiotic division and cause the formation of triploid individuals.

Silver impregnation in R. quelen from the Lindóia Stream demonstrated staining 
of the terminal portion of the short arm of a pair of submetacentric chromosomes (Figure 
2a). AgNORs were detected in the terminal portion of the short arm of 3 submetacentric 
chromosomes of the triploid individual (Figure 2b), confirming triploidy and suggesting 
that there is no genetic inactivation of the triploid ribosomal cistrons, a hypothesis also 
supported by Maistro et al. (1994), Fernandes-Matioli et al. (1998), Borin et al. (2002), 
Garcia et al. (2003), and Molina et al. (2007). CMA3 fluorochrome staining produced 
fluorescent bands coincident with AgNORs, in the triploid as well as the diploid indi-
viduals (Figure 2c and d, respectively), showing that the DNA sequences of ribosomal 
genes are GC-base rich in both karyotypes.

C-banding analysis revealed the occurrence of heterochromatic bands, mainly in 
the chromosome terminal regions. Bands in the pericentromeric regions of some pairs 
and in both telomeres were also found, and some heterochromatic blocks were observed 
(Figure 2e and f), in both diploid and triploid individuals. Heterochromatin in the karyo-
types of this group of fish was found basically distributed in terminal chromosomal 
regions of almost all chromosomes (Fenocchio et al., 2000; Swarça et al., 2003; Moraes 
et al., 2007). The distribution of heterochromatic staining in the terminal regions of both 
chromosome arms had already been described by Fenocchio and Bertollo (1990) in R. 
hilarii and by Garcia et al. (2003) in Rhamdia sp, as also observed in R. quelen in the 
present study. 

In conclusion, the data presented herein show one more population of Rhamdia 
quelen that maintains the standard diploid number of the genus (2n = 58) and disclose an-
other case of triploidy, increasing the number of reported occurrences in Neotropical fish.
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Figure 2. Metaphases of Rhamdia quelen. a.c.e. Diploid individual. b.d.f. Triploid individual. AgNOR (a,b); 
CMA3 (c,d); C-banding (e,f). 
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