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NEW CASES OF SUPERNUMERARY CHROMOSOMES IN CHARACIFORM FISHES

Paulo Cesar VeneteCarlos Suetoshi Miyazawand Pedro Manoel Galetti Junibr

ABSTRACT

Supernumerary chromosomes were described for five species of Neotropical characiform fishes. These extra chromosomes
were small, acrocentric and fully heterochromatic in Leporinus friderici from two different localities as well as in Leporinus sp.,
but metacentric and fully heterochromatic in Cyphocharax modesta and Prochilodus nigricans. In Characidium cf. zebra, this
element was small, acrocentric and euchromatic. GC-rich DNA blocks were observed in the supernumerary chromosome of
Leporinus sp. using chromomycin A,. The widespread occurrence of these extra chromosomal elements suggests their inde-
pendent origins.

INTRODUCTION in this speciesMoreover, in some of the B-bearing popu-
lations of A. scabripinnisthe B chromosomes appear to
Among vertebrates there are several descriptiobg constrained to the highest altitude along the extent of
of extra or supernumerary chromosomes, mainly in arthe stream where these fishes inhabit (Vicehs, 1996).
phibians, reptiles and mammalians (Jones and Rees, 1982, In the present, extra chromosomes are described
for review). Their occurrence can be only related to spat six species of Neotropical characiformes belonging to
radic events, and additional chromosomes might be an the families Anostomidae, Curimatidae, Prochilodontidae
dividual trait among the remaining individuals of a popuand Crenuchidae (Characidiinae) and an independent ori-
lation. In fishes, an additional chromosome, for instancgin hypothesis is discussed.
was detected in only one individual@érodon(Parodon-
tidae) and in a specimen @fligosarcus(Characidae), MATERIAL AND METHODS
among several individuals (Falcébal, 1984). In several
cases, however, they are a common feature within the popu-  Five characiform species comprising four differ-
lation or species, becoming generation to generation fixedt families were cytogenetically studied.
in that population, and often called B chromosomes. In Anostomidae: Sixteen specimens lagporinus
characiform fishes, true B chromosomes were first d&iderici collected in the Candeias River, near Porto Velho,
scribed inProchilodus lineatus (= P. scrofaip which up RO, and two individuals from the Araguaia River, near
to five small heterochromatic chromosomes were observBdrra do Garcas, MT. Three specimens.gborinussp.
cell to cell variable but present in most studied individualmew species, 4-3 dentary formula), from Dois de Agosto
(Pauls and Bertollo, 1983). Stream, a tributary of Rio das Mortes, near Araguaiana,
Other cases of extra chromosomes in fish are ndWT, Amazon basin.
well known (Venere and Galetti, 1985; Hochberg and Prochilodontidae: Three individuals®fochilodus
Erdtmann, 1988; Oliveirat al, 1988; Forestet al, 1989; nigricansfrom the Araguaia River, near Barra do Garcas,
Fenocchio and Bertollo, 1990; Oliveira and Foresti, 19984T, Amazon basin.
Pastoriet al, 1997). InAstyanax scabripinniglifferent Curimatidae: Seventeen individual€yfjphocharax
populations have often shown one or two B chromosomespdestacollected in the Mogi-Guacu River, near Luis An-
or even up to five Bs, while several others showed nonetohio, SP, Upper Parana basin.
these chromosomes (Salvador and Moreira-Filho, 1992; Crenuchidae (Characidiinae): Twenty-eight speci-
Maistroet al, 1992; Stange and Almeida-Toledo, 1993)mens ofCharacidiumcf. zebrafrom Passa-Cinco River,
Recently, a female-biased sex ratio phenomenon was dethe municipality of Ipetna, SP, also in the Upper Parana
scribed in association with the presence of B chromosorbasin.
Mitotic chromosomes were prepared from anterior
kidney cells as described by Bertadial. (1978). C-band-
ing was done according to Sumner (1972), and chromo-
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Galetti, 1989; Pauls and Bertollo, 1990; Miyazawa angest that this chromosome is ancient in this species, widely
Galetti, 1994). In Anostomidae, the tle@porinusspe- spread in the distribution area, despite to it occurs in a low
cies studied had 2n = 54 biarmed chromosomes in the nfrequency within those populations. In the genus
mal karyotypes. However, among 16 specimens.of Prochilodustwo other species also share the presence of
friderici from Candeias River, one of them (unidentifiecextra chromosomes. Up to five B chromosomes were pre-
sex) had an additional small acrocentric. Similarly, in theéiously reported inProchilodus lineatugPauls and
other locality sampled (Araguaia River), among two indiBertollo, 1983). Small B chromosomes were also detected
viduals of this species, one individual (unidentified sexjh P. cearensigPauls and Bertollo, 1990) and herePin
had an additional chromosome (small acrocentric). Imigricans The presence of these supernumerary chromo-
Leporinussp. from Dois de Agosto Stream one male amorgpmes was not detected in other populatidh afgricans
three individuals studied also showed one extra and smiatim the Amazon basin (Pauls and Bertollo, 1990). So,
acrocentric (Figure 1a, b and c). DifferentlyLofriderici these chromosomes may represent a population character-
in which the extra chromosomes whenever detected wéséc in the Araguaia River or the frequency of this ele-
present in 100% of the analyzed cellsl.@porinussp. it ment in the Amazon population is very low. It seems that
was observed in about 80% of the cells. these small and extra chromosomes assemble a specific
Among 17 specimens sampled @fphocharax clade separated from the remaining species from the ge-
modestgCurimatidae), one male showed a small biarmeaus Prochilodus.
extra chromosome besides the chromosomes of the nor-  Different mechanisms have been proposed to ex-
mal complement (2n = 54) (Figure 1d), and irplain the origin and maintenance of extra chromosomes in
prochilodontids, one male had two extra chromosomesseveral organisms (Jones and Rees, 1982, for review). The
85% of the analyzed cells, among three individuals dfeterochromatinization, however, appears to be a common
Prochilodus nigricangFigure 1e). Finally, i€haracidium process occurring during the differentiation of these chro-
cf. zebra all of the specimens showed 2n = 50 biarmeghosomes, since the extra chromosomes have often been
chromosomes in the normal karyotype, except for one smown fully heterochromatic. The extra chromosome here
which an additional small acrocentric was detected in abalgtected inCharacidiumcf. zebra,however, showed no
25% of the cells (Figure 1f). heterochromatic segments, suggesting that the heterochro-
C-banding revealed that these supernumerary chmatin should have no role on the origin and development
mosomes were fully heterochromatic (Figure 2a, b, ¢ ad this chromosome in this species. An absence of hetero-
d), except inCharacidiumcf. zebra(Figure 2e). A small chromatin was also reported in supernumerary micro-
bright CMA, band was detected in an interstitial positiochromosome of a curimatid fisBteindachnerinasculpta
on the long arm of the extra chromosomeéeborinussp.  (Oliveira and Foresti, 1993). Thus, it is strongly indicative

(Figure 3). that these extra chromosomes occurring in different
characiform groups have arisen several times among these
DISCUSSION fishes, although in a minor taxdpeforinus for instance),
they can be shared by several species.
A main question about the extra chromosomes de- The occurrence of a small bright CMBand in

scribed here in different characiform fishes might be #xtra chromosome dfeporinussp. is a very interesting
they have or not a common origin. Undoubtedly, they canfieature. In fishes, as well as in amphibians, the chromo-
from different events, even though the mechanisms of omyycin A, has been useful to detect NOR independently of
gin of most of these extra chromosomes might be the saritg activity (Schmid and Guttenbach, 1988). Since Ag stain-
Among Characiformes they appear to spring up severiafj was unable to detect any Ag-NORs in this extra chro-
times, since they are morphologically and probably funerosome, one might suppose that if the C\b&nd is ac-
tionally diverse. Their frequencies also seem differemdally related to NOR sites, they should be inactive in this
among all species studied.laporinus Cyphocharaxand extra chromosome. Otherwise, these interstitial CMA
Characidium for instance, the apparent rare occurrendgand observed in the extra chromosomeegorinussp.

of extra chromosomes might indicate recent events withight be related to a particular heterochromatin stainabil-
incipient fixation in the populations. On the other handty, instead any presence of NOR sites.

the morphologically similar small heterochromatic acro- Interestingly, most of the cases of extra chromo-
centrics detected in thrdeeporinusspecies suggest ansomes thus far reported in fishes is related to characiform
earlier and unique origin of this chromosome in this gepecies, even though other major groups such as Siluri-
nus. In this case, their probably rare occurrence in the poformes may show some species with these chromosomes
lations might indicate a selective disadvantage. IfFenocchio and Bertollo, 1990; Dias and Foresti, 1993,
curimatids, previous studies in different populations adimong others). Moreover, it could be accounted for that
Cyphocharax modestaad also shown an extra chromo-all those fishes showing accessory chromosomes exclu-
some, morphologically similar to that here reported (Venegsively inhabit the Neotropical region. Similar report was
and Galetti, 1985; Martinet al, 1996). This might sug- made for various sex chromosome systems which are much
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Figure 1 - Giemsa-stained metaphases ofl(@porinus fridericifrom the Candeias River, (eporinus fridericifrom the Araguaia River, (d)eporinus
sp., (d)Cyphocharax modestée) Prochilodus nigricansind (f)Characidiumcf. zebra The arrows indicate the supernumerary chromosomes. Bar = 5 pm.
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Figure 2 - C-banded partial metaphases ofl(@porinus fridericifrom the Araguaia River, (lheporinussp., (c)Cyphocharax
modesta(d) Prochilodus nigricansand (e)Characidiumcf. zebra The arrows indicate the supernumerary chromosomes.
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Figure 3 - Completely (a) and partially (b) CM#stained metaphaseslaporinussp. The arrows indicate the super-
numerary chromosome with a bright band on the long arm.
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more frequent in this geographic area (Moreira-Fiho logical considerations dRhamdia quele(Pisces, Pimelodidae). The
al. 1993) and independently of Why it oceurs. the chro- occurrence of B chromosomes and polymorphic NOR reghes.

' N . . . ! Bras. Genét. 11563-576.
mosome diversity appears to be facilitated in th'_s area. Th&es, R NandRees, H.(1982).B ChromosomeAcademic Press, Lon-
findings of the present study and of the previous ones, don.
therefore, are strongly indicative that the nature has fouMeistro, E.L., Foresti, ., Oliveira, C. andAlmeida-Toledo, L.F. (1992).
in Characiformes a p00| of species on which different ways Occurrence of macro B chromosomeAstyanax scabripinnis

.. paranae(Pisces, Characiformes, Characid@®netica 87101-106.
of origin and development of supernumerary chromoSoM@tins, C., Giuliano-Caetano, L. andDias, A.L. (1996). Occurrence of

might have led to the general picture now observed. a B chromosome iCyphocharax modestgPisces, Curimatidae).
Cytobios 85247-253.
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