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ABSTRACT. We made a cytogenetic study of the fish Rhamdia
quelen collected from the Bodoquena Plateau, an isolated national
park region in Mato Grosso do Sul State, Brazil. The diploid number
was 2n = 58, with 36 metacentric + 16 submetacentric + 6 subtelo-
centric chromosomes. We found one to three B chromosomes, which
were metacentric and submetacentric and of medium size, showing
both intra- and interindividual variation. The nucleolus organizer
region (NOR) was located in the terminal region of the short arm
of submetacentric pair 20. Staining with CMA, fluorochrome re-
vealed the NOR location, while there was no evidence of fluorescent
staining with DAPI. C banding revealed heterochromatin mainly in
the terminal regions of the chromosome arms, including the NOR
pair. In addition, metacentric pair 2 showed three heterochromatic
blocks in the terminal portions and in the pericentromeric region.
The B chromosomes appeared euchromatic. The CB + CMA stain-
ing combination demonstrated only one chromosome pair Wlth fluo-
rescence, probably the NOR-bearing one, while CB + DAPI gave
various fluorescent signals, including metacentric pair 2, indicating
that these heterochromatic regions are AT-rich in this population of
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R. quelen. The R. quelen population in this isolated region of Brazil
is chromosomally distinct from that of other populations that have
been studied.

Key words: B chromosomes, C banding, Ag-NOR, Chromomycin A,
DAPI

INTRODUCTION

The Bodoquena Plateau is located in the south-central State of Mato Grosso do Sul
(MS) in Brazil, in the proximity of the municipalities of Bonito, Bodoquena, Jardim, and Porto
Murtinho (Boggiani, 1999). This region has an area of 76,400 hectares and a broad diversity of
species, both in flora and fauna; it was designated a national park on September 20, 2001. This
region has various rivers, the main ones being Formoso, Prata, Salobra, and Perdido Rivers, all
of them with their headwaters in the Bodoquena national park (Boggiani, 1999). Willink et al.,
in 2000 (apud Cereali, 20006), estimated at least 325 species of fish in this park, reporting that
the ichthyofauna of Bodoquena Plateau appeared to be distinctive, with many endemic species.
Despite its rich ichthyofauna, cytogenetic studies of the fishes of this region are extremely rare,
being limited to only three species of the genus Hypostomus: H. cochliodon, Hypostomus sp
2 - Rio Perdido NUP 4249 and Hypostomus sp 3 - Corrego Salobrinha NUP 4247, collected in
the Salobra and Perdido Rivers and studied by Cereali (2006). We made a chromosome analysis
of specimens of Rhamdia quelen from the Bodoquena Plateau, MS.

MATERIAL AND METHODS

We analyzed four specimens of R. quelen (two males and two females) collected from
Harmonia farm well water, in Porto Murtinho, MS (21° 12° 55 S, 56° 45’ 50 W), in Bodoquena
Plateau region. A voucher specimen was placed in the fish collection of the Cole¢ao Zoolodgica de
Referéncia da Universidade Federal do Mato Grosso do Sul, Brazil, under the number ZUFMS
2039. Mitotic chromosome preparations were obtained from kidney cells (Bertollo et al., 1978).
Karyotypic analysis was made by conventional staining with Giemsa, and the chromosomes were
classified as metacentric (m), submetacentric (sm) or subtelocentric (st), based on Levan et al.
(1964), all being considered to have two arms to calculate the fundamental number (FN). Silver
nitrate, nucleolus organizer regions (Ag-NORs) and the heterocromatin distribution pattern were
evidenced by the techniques of Howell and Black (1980) and Sumner (1972), respectively. Mark-
ing with the fluorochromes chromomycin A, (CMA,) and DAPI was done according to Schmid
(1980) and Schweizer (1976), respectively.

RESULTS

The specimens had a diploid number of 2n = 58, with a karyotypic formula of 36 m
+ 16 sm + 6 st and an FN of 116 (Figure 1A); one to three supernumerary or B chromosomes
were observed, with both intra- and interindividual variation (Table 1). The B chromosomes
were of medium size and were metacentric and submetacentric (Figure 1A).
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Figure 1. Karyotype of Rhamdia quelen. A. Giemsa staining. B. C banding. C. NOR-bearing pair. m = metacentric; sm =

submetacentric; st = subtelocentric; B = B chromosomes.

Table 1. B chromosome frequency in somatic cells of Rhamdia quelen (Siluriformes, Heptapteridae) from Bodoquena

Plateau.

Specimens Sex Number of B chromosomes Total number of cells
0 1 2 3

43 1) 10 7 6 2 25

44 Q 3 7 5 4 19

45 Q 11 4 0 0 15

46 1) 6 13 0 0 19

Total 30 31 11 6 78

(%) 38.46%  39.74% 14.1%  7.7% 100%
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Heterochromatin was distributed in the terminal regions of almost all the chromosomes,
with some chromosomes showing terminal staining in both arms (Figure 1B). Metacentric pair
2 showed, besides terminal heterochromatic blocks on both arms, a block in the pericentromeric
region; a difference was observed between the homologs, as one of them had much more evi-
dent heterochromatin (Figure 1B). Pair 20 had strong heterochromatic staining in the terminal
region of the short arm and the B chromosomes appeared euchromatic (Figure 1B).

Ag impregnation revealed the NOR in the terminal region of the short arm of chromo-
some pair 20 (Figure 1C). CMA fluorochrome gave positive staining in pair 20, corresponding
to the Ag-NOR (Figure 2a), and DAPI fluorochrome gave no staining (Figure 2b). Only pair
20 stained with the combination of C-banding stain (CB) + CMA, (Figure 2¢), while vari-
ous chromosomes displayed fluorescent terminal regions with CB + DAPI, especially a large
metacentric pair, probably pair 2 (Figure 2d).

Figure 2. Somatic chromosome metaphases of Rhamdia quelen with: a. CMA . b. DAPL ¢. CB + CMA,. d. CB + DAPI
staining. Arrows indicate the NOR-bearing pair. Arrowheads indicate the pair 2.

DISCUSSION

The specimens of R. quelen from the region of the Bodoquena Plateau, MS, had the 2n
chromosome number characteristic for this genus (Fenocchio et al., 2000; Garcia et al., 2003;
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Stivari and Martins-Santos, 2004). This number has been observed in most of the species of
this genus, along with a high FN, greater than 100, which is also characteristic of Rhamdia spp,
due to the 2-arm chromosomes. However, the karyotypic formula varies among the popula-
tions studied; the 36 m + 16 sm + 6 st that we observed differs from that of all other R. quelen
populations. However, there are differences in classification among authors, since the chromo-
somes are very small in this genus.

The four specimens that we examined had, besides a normal chromosome comple-
ment, one to three B chromosomes with both intra- and interindividual variation (Table
1). Two of these individuals (45 @ and 46 &) had only one medium metacentric type B
chromosome, while the other two (43 & and 44 Q) had one to three, these being meta-
centric and submetacentric and medium size. The frequency with which these chromo-
somes occurred among these individuals was very high. In individuals 43, 44 and 46, the
proportion of cells with B chromosomes was greater than that of cells without this type
of chromosome; 61.54% of the cells examined contained B chromosomes. The variation
in the number of B chromosomes observed within and among individuals demonstrates
mitotic instability, which must be a consequence of non-Mendelian segregation; this is a
characteristic of these chromosomes.

The type of B chromosome most frequently found in R. quelen is the medium meta-
centric type (Hochberg and Erdtmann, 1988; Fenocchio et al., 2000; Swarca et al., 2003), but
there are reports of submetacentric and acrocentric B chromosomes of small and medium size
(Guilherme, 2005). The largest number and the types of B chromosomes found in R. quelen
were described by Guilherme (2005) for a population from the Uberabinha River in Minas
Gerais State, which had up to seven B chromosomes of the metacentric, submetacentric and
acrocentric types that were small- to medium-sized.

According to Fenocchio et al. (2000), various species and populations of Rhamdia
have B chromosomes, despite their wide geographic distribution, indicating an ancestral origin
for this chromosome. The finding of B chromosomes in R. guelen from the Bodoquena Pla-
teau, MS, in an isolated region, again indicates that this type of chromosome is characteristic
of the genus Rhamdia, also supporting its origin from a common ancestor.

The B chromosomes of this population, examined by C banding, were found to be
euchromatic, which is the first report of such a finding for R. quelen. This finding differs
from that of other populations of this species, which had totally or partially heterochro-
matic B chromosomes (Fenocchio et al., 2000; Swarca et al., 2003; Stivari and Martins-
Santos, 2004). The only other finding of euchromatic B chromosomes in the genus Rham-
dia was reported by Abucarma and Martins-Santos (2001) in two other species, Rhamdia
sp and R. voulezi, from the Iguacu River, collected from the power plant reservoir of
Usina Hidrelétrica de Salto Segredo in Guarapuava, Parana State. It appears that the dif-
ference between the R. quelen population in our study compared to other populations is
the process of heterochromatinization of the B chromosomes, which has been occurring
more slowly in the population from Bodoquena Plateau, since it is located in a hydro-
graphic system that is isolated from other groups.

The heterochromatin distribution pattern in the normal chromosome complement for this
population of R. guelen differed from that found by others, since the pattern most commonly seen
in this species is limited to weak staining in some terminal regions of one of the chromosome arms
and in some centromeres (Fenocchio et al., 2003b; Swarga et al., 2003), while heterochromatin
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in the population from Bodoquena Plateau was found in the terminal region of both chromosome
arms. Pair 2 (m) showed three heterochromatic blocks, two in the terminal portion of the chromo-
some arms and one block in the pericentromeric region, where one of the homologs of this pair
had more evident bands. This type of heterochromatin distribution in one chromosome pair has not
been found in any of the previously studied populations, suggesting thus that besides the B chromo-
somes, the specimens from the Bodoquena Plateau have a marker pair (metacentric pair 2), which
in addition to the euchromatic B chromosomes, would differentiate this population from others.

The C banding also showed more evident heterochromatic staining in the terminal por-
tion of the short arm of chromosome pair 20 (sm) than in the rest of the chromosomes. Ag
impregnation did not show this chromosome to be NOR-bearing, which agrees with CMA,
fluorochrome-staining evidence. Therefore, besides being heterochromatic, this region is rich in
GC base pairs. This coincidence of NOR with heterochromatin was observed earlier by Fenoc-
chio et al. (2000) and by Swarga et al. (2003), as well as the fact that NORs are GC-rich (Swarga
et al., 2003; Stivari and Martins-Santos, 2004; Tsuda, 2005). After treatment with DAPI, the
chromosomes were uniformly stained. None of the chromosomes showed regions rich in AT
base pairs. Swarga et al. (2003) examined specimens of R. quelen from the Iguagu River and ob-
tained the same result as we obtained with DAPI, observing that the NOR was slightly paler.

The localization of the NOR in submetacentric chromosomes that we found in our
specimens has previously been reported; NORs were found to be more frequent in submetacen-
tric and in subtelocentric chromosomes (Fenocchio et al., 2000; Garcia et al., 2003; Stivari and
Martins-Santos, 2004). NORs in acrocentric chromosomes have been observed infrequently
(Hochberg and Erdtmann, 1988; Fenocchio et al., 2003a); this is also the case for metacentric
chromosomes, recently described by Guilherme (2005) for R. quelen from the Uberabinha
River, Minas Gerais State. This variation in the NOR-bearing pair is again an indication of
chromosome rearrangements.

Based on CB + CMA staining, only the heterochromatin associated with NOR is
GC-rich; CB + DAPI revealed a large metacentric chromosome, which was probably pair
2, with a very strongly fluorescent signal, showing that the heterochromatin in one of the
homologs of this pair is rich in AT bases. This finding reinforces the notion that this type
of chromosome can be a marker for this population. In addition to this pair, other fluores-
cent regions were found. It is believed that pre-treatment with C banding relaxes DNA and
increases accessibility of fluorochromes (Swarga et al., 2003), allowing a more detailed
analysis of heterochromatin composition. This would explain why CB + DAPI gave dif-
ferent results compared to simple treatment with this fluorochrome.

Swarga et al. (2003) observed various CB + CMA, staining patterns in the terminal
regions, besides the NOR in R. guelen from the Iguacu River, Paran4 State. Using CB + DAPI,
they also found evidence of various terminal staining patterns; the heterochromatin patterns in
their population were different from what we found.

This is the first cytogenetic description of R. quelen from the Bodoquena Plateau.
Some of the findings, the occurrence of euchromatic B chromosomes, distributions and
composition of heterochromatin on chromosomes of the normal complement, mainly in
the metacentric pair 2, are characteristic of the fish in this isolated region, since they have
not been reported for other populations. These factors indicate population differentiation,
suggesting an intrinsic type of R. quelen in Bodoquena Plateau.
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