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ABSTRACT. Four populations of Serrapinnus notomelas and one
population of Serrapinnus sp.1, both belonging to the subfamily Chei-
rodontinae, were analyzed by Giemsa and silver nitrate impregnation
techniques. We found 2n = 52 chromosomes for all populations, with
interspecific differences in the karyotype formula; S. notomelas showed
16m + 22sm + 10st + 4a, with fundamental number (FN) = 100 for males,
and 16m + 23sm + 10st + 3a, with FN = 101 for females. Serrapinnus
sp.1 had 8m + 16sm + 4st + 24a, with FN = 80 for males, and 8m + 15sm
+ 4st + 25a, with FN = 79 for females. The difference in FN for the two
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sexes is due to a pair of heteromorphic chromosomes in the females of
both species, which characterizes a ZZ/ZW-type mechanism of chromo-
some sexual determination. Interspecies differences were also found in
nucleolus organizer regions (NORs). A simple NOR system was detected
in three of four S. notomelas populations, while Serrapinnus sp.1 had two
chromosome pairs with NOR. Although S. notomelas and Serrapinnus
sp.1 have the same diploid number, differences in the karyotype structure
indicate that these are different species. Apparently there was pericentric
inversion during the karyotype evolution of these species.

Key words: Karyotype, Nucleolus organizer region band,
Sexual chromosome ZZ/ZW, Serrapinnus notomelas, Serrapinnus sp

INTRODUCTION

Fish of the Cheirodontinae subfamily are less than 10 cm long and are common in
marginal vegetation of all Brazilian lotic and lentic environments (Buckup and Malabarba,
1983). Systematic classification of this subfamily presents divergences and has been widely
discussed. Gregory and Conrad (1938) stated that Tetragonopterinae may have derived from
the Cheirodontinae subfamily or they may have had a common ancestor. While Weitzman and
Fink (1983) discussed weaknesses in the classification of Neotropical characids, Weitzman and
Vari (1988) did not accept Cheirodontinae as separate from Tetragonopterinae. Although this
classification is still not universally accepted, Malabarba (1998) redefines Cheirodontinae as a
subfamily comprising 20 genera, including Serrapinnus.

Although the ichthyofauna of continental waters in Neotropical regions may comprise
up to 8,000 species (Vari and Malabarba, 1998), knowledge on their cytogenetics is still scarce.

Serrapinnus notomelas is the only species of the genus Serrapinnus reported to occur in the
Parand River basin. The distinctive characteristic of this species is darkly colored anterior portions
of'the dorsal and anal fins. However, two other morphotypes have been described: Serrapinnus sp.1,
with dorsal and anal hyaline fins, and Serrapinnus sp.2, with dorsal and anal fins with only a dark
patch on their extremities (Graga, 2004). These are probably different species.

We made cytogenetic analyses of S. notomelas and Serrapinus sp.1 collected from
Tieté and Parana River basins.

MATERIAL AND METHODS

Specimens from four populations of S. notomelas from the Parana River, Cascatinha
stream and Araqua River in Botucatu, SP region and from the Pantano River in Sdo Carlos, SP
region (Tieté River basin) were analyzed. Specimens of Serrapinnus sp.1 were collected in the
Parand River, in Porto Rico region. Mitotic chromosomes were obtained from kidney cells, fol-
lowing methodology described by Bertollo et al. (1978). Nucleolus organizer regions (NORs)
were identified by silver nitrate staining (Howell and Black, 1980). Chromosomes were identi-
fied according to arm ratio criteria, suggested by Levan et al. (1964), as follows: metacentric
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chromosomes (m); submetacentric chromosomes (sm); subtelocentric chromosomes (st), and
acrocentric chromosomes (a).

RESULTS

Serrapinnus notomelas showed a diploid number of 52 chromosomes for all popula-
tions. The karyotype was 16m + 22sm + 10st + 4a, with fundamental number (FN) = 100 for
males (Figure 1A) and 16m + 23sm + 10st + 3a, with FN = 101 for females (Figure 1B). A
female heterogamete system (ZZ/ZW) is thus characterized. Size differences between the first
and second pair of chromosomes were found. An NOR was detected on the short arm of an
acrocentric chromosome pair (pair 26) in populations of Pantano and Araqua Rivers and from
Cascatinha stream (Figure 1). Variations of one to eight chromosome pairs with rDNA genes
from the Parana River population were found (data not shown). Serrapinnus sp.1 showed a
diploid number of 2n = 52 chromosomes, with karyotype formula 8m + 16sm + 4st + 24a, and
FN = 80 for males (Figure 2A), and 8m + 15sm + 4st + 25a, with FN = 79 for females (Figure
2B). NORs were found in one of the homologues of pair 19 and in both chromosomes of pair
20 (Figure 2). These NORs are strongly marked and heteromorphic in size; a multiple NOR
system was demonstrated.
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Figure 1. Karyotype of Serrapinnus notomelas of the Parana River basin, from populations of Araqua and Pantano
Rivers and Cascatinha stream. A. Male. B. Female. Nucleolus organizer region-bearing chromosomes (pair 26) in
detail. m = metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric.
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Figure 2. Karyotype of Serrapinnus sp.1. A. Male. B. Female. Nucleolus organizer region-bearing chromosomes
(pair 26) in detail. m = metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric.

DISCUSSION

All S. notomelas populations had the same diploid number and the same karyotype
constitution. Although it had the same diploid number, Serrapinnus sp.1 was different from
S. notomelas in karyotype constitution. S. notomelas had a larger number of submetacentric
(11 pairs) and a smaller number of acrocentric chromosomes (3 pairs), whereas Serrapinnus
sp.1 had a greater number of acrocentric chromosomes (12 pairs). Furthermore, we found size
differences between the first and second pairs. While the first pair was found to be larger than
the second in S. notomelas, this difference in Serrapinnus sp.1 was not significant. These dif-
ferences characterize distinct species and indicate that structural rearrangements of the pericen-
tric inversion type occurred during the speciation process. Intergenus variations in the diploid
number of the subfamily Cheirodontinae have been reported, with 2n = 32 chromosomes in
Paracheirodon innesi (Gyldenholm and Scheel, 1971) and 2n =52 chromosomes for most
species, at the interspecies level in Cheirodon tronneri (n = 25; Scheel, 1973), C. axelroidi
(n=24; Post, 1965) (n = 26; Scheel, 1973), and intraspecies in P. innesi, with 2n =32 and
2n = 36 chromosomes (Gyldenholm and Scheel, 1971).
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The two species that we examined presented the same diploid number and type
of chromosomal sex determination mechanism, except for sex chromosome pair and type,
which were different. Submetacentric and acrocentric W chromosomes are respectively ac-
countable for female heterogametes in S. notomelas and Serrapinnus sp.1. Differences in the
sexual pair may be due to pericentric inversions that accompanied the karyotype evolution
process of these two species. Chromosome mechanisms of sex determination were not ob-
served in other Serrapinus species.

Wasko et al. (2001) analyzed Odontostilbe paranensis and Holoshestes heterodon,
both of the subfamily Cheirodontinae, and reported a diploid number of 52 chromosomes.
O. paranensis has the same type of chromosomal sexual heteromorphism that we observed
in the genus Serrapinnus. Similar to S. notomelas, this species presented a greater number of
metacentric/submetacentric chromosome pair. Analysis of H. heterodon females also showed
probable chromosomal sexual heteromorphism owing to one acrocentric/metacentric chromo-
some pair. However, Wasko and Galetti Jr. (1994) failed to observe karyotype differences be-
tween the sexes in O. claudinae. Based on these earlier papers and our research, this type of
77/7ZW sexual chromosome mechanism is unique to this subfamily in the Characidae. Almei-
da-Toledo and Foresti (2001) demonstrated that such a system is more frequent among Neo-
tropical fish. Morphologically differentiated ZZ/ZW-type sexual chromosomes in the Characid
family have been reported in Triportheus guintheri (Bertollo and Cavallaro, 1992; Artoni et
al., 2001; Artoni and Bertollo, 2002), T. albus, T. elongatus and T. flavus (Falcdo, 1988), and in
T. cf elongatus and T. paranense (Artoni et al., 2001; Artoni and Bertollo, 2002). Consequently,
Cheirodontinae and Triportheinae are the only subfamilies with cytological evidence of hetero-
gamety of sexual chromosomes among Characids. According to Galetti Jr. et al. (1981), sexual
chromosome heteromorphism is common in fish. Moreira-Filho (1983) reported that 15.8%
of fish species studied in Brazil have a sexual chromosome mechanism, ranging from simple
heterogamety XX/XY and ZZ/ZW to cases of multiple mechanisms involving more than one
chromosome pair (X, X, X, X/X XY, XX/XY,Y,and ZZ/ZW W.).

Simple AgNORs were observed in three of four populations of S. notomelas. The
Parana River population was found to be unique in current intra- and interindividual variations
in the NOR distribution pattern identified by silver nitrate and FISH, indicating a transposition
mechanism (data not shown). A simple NOR in the subfamily Cheirodontinae was reported
by Pacheco and Miyazawa (2002) in Odontostilbe pequira from the Cuiaba River. Wasko and
Galetti Jr. (1994) also detected a secondary constriction in the short arm of an acrocentric chro-
mosome in O. paranensis, which may indicate an NOR site in this species.

Different from most of the S. notomelas populations (Pantano and Araqué Rivers,
Cascatinha stream), a multiple NOR system with three chromosomes was observed by Ag-
NOR technique in Serrapinnus spl. One to three nucleoli in each interphase nucleus cor-
roborate this finding. Pacheco and Miyazawa (2002) detected the same NOR distribution
for S. kriege, with markings on two non-homologous chromosomes, and for S. calliurus,
with four marked chromosomes.

Although this is one of the first reports on Serrapinnus species, cytogenetic studies on
Cheirodontinae contribute not only to studies on the ZZ/ZW sexual chromosome mechanism
involving W chromosome types proper to each species, but are also useful for determination of
cytotaxonomic characteristics that differentiate species with synonymy.
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