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Abstract

The genus Centropyge is remarkable for species richness, composing a highly specialized fish group amongst
members from family Pomacanthidae. However, cytogenetical reports are nearly absent in these animals.
New data are provided from karyotypical studies carried out on Centropyge aurantonotus from the
Brazilian coast of the Atlantic Ocean and C. ferrugatus from the Philippines Sea of the Indo-Pacific Ocean.
Both species present 2n ¼ 48 but karyotypes are differentiated by fundamental number. C. aurantonotus has
a great number of biarmed chromosomes (4 m + 14 sm+16 st+4 a), while C. ferrugatus presents only
acrocentric chromosomes. Single nucleolar organizer regions (NORs) are located at interstitial position of
an acrocentric pair in C. ferrugatus and on short arms of a subtelocentric pair in C. aurantonotus, as
confirmed by fluorescent in situ hybridization (FISH) with 18S rDNA probes. Heterochromatin is dis-
tributed over NOR and centromeric regions in both species, but additional GC-rich heterochromatic blocks
on short arms of up to eight chromosomal pairs can be detected in C. aurantonotus. 5S rDNA segments
were located interstitially on two chromosomal pairs in C. ferrugatus and on nine pairs in C. aurantonotus,
mostly equivalent to heterochromatic blocks on short arms of biarmed chromosomes. C. ferrugatus can be
considered a species in which basal chromosomal features proposed for modern Teleosteans were con-
served. The derived karyotype pattern of C. aurantonotus seems to be determined by pericentric inversions
and heterochromatin addition which probably determined the notorious dispersion of 5S rRNA (pseu-
do)genes. It is demonstrated that, even within a group generally characterized by cytogenetical homoge-
neity as the family Pomacanthidae, diversified karyotypes can be found.

Introduction

Pomacanthidae is a specialized fish family, com-
posed by about nine genera and more than 80
species, all associated with coral reefs and wide-
spread throughout the Atlantic, Indian and Pacific
Oceans (Johnson & Gill, 1995).

The genus Centropyge is a very specious Pom-
acanthidae group (nearly 40 species), with recent
descriptions of new species (Pyle, 1990; Pyle &

Randall, 1993). Representatives of this genus are
popularly known as pigmy angelfishes, as a refer-
ence to their small size when compared to the
correlated species. This feature and their beautiful
color patterns make these fishes popular for or-
namental aquarium (Hunziker, 1992). Further-
more, Centropyge species are some of most studied
angelfishes under behavioral and reproductive fo-
cus, mainly concerned to the presence of protog-
ynous hermaphroditism (Bauer & Bauer, 1981).
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The only chromosomal report on Centropyge
(Arai & Inoue, 1975), characterized the species C.
vrolikii, identifying 48 acrocentric chromosomes.
Such a karyotype is usually associated to the basal
pattern of Perciformes, apparently highly con-
served within marine species, including Pomacan-
thidae (Galetti, Aguilar & Molina, 2000; Affonso
et al., 2001).

Nevertheless, faced to species diversity of the
genus Centropyge, high genetic diversity (Chung &
Woo, 1998) and the scarcity of cytogenetical in-
formation, it seems inappropriate to assume that
conserved chromosomal features are characteristic
for this Pomacanthidae group.

Thus, conventional and banding cytogenetical
procedures, including fluorescent in situ hybrid-
ization (FISH) with rDNA probes, were carried
out on two species of Centropyge from distinct
Oceans, in order to evaluate the karyotype struc-
ture of the genus and family Pomacanthidae, as
well. These species are Centropyge aurantonotus
from the Western coast of the South Atlantic and
C. ferrugatus from the Philippines Sea at Indo-
Pacific Ocean.

Material and methods

Twelve adult individuals of C. aurantonotus were
collected along the Atlantic shore of two munici-
palities on the Southeastern coast of Brazil
(Marataı́zes/ES and Arraial do Cabo/RJ). Two
specimens of C. ferrugatus from Philippines Sea at
Indo-Pacific Ocean were obtained from orna-
mental fish collectors.

Twenty-four hours prior to cytogenetical
preparations, the animals were inoculated with a
suspension of biological yeast and kept in an
aquarium. The in vitro obtaining of mitotic
chromosomes from kidney, liver, spleen and gill
tissues of specimens followed the procedure else-
where described (Foresti, Oliveira & Almeida-
Toledo, 1993). Chromosomal morphology was
based on arm ratio (Levan, Fredga & Sandberg,
1964).

The nucleolar organizer regions (NORs) were
detected by silver nitrate staining (Howell & Black,
1980), and by chromomycin A3 (CMA3) fluores-
cent staining (Schweizer, 1976). Heterochromatin
was detected by barium hydroxide C-banding
(Sumner, 1972).

The chromosomal localization of 18S and 5S
rRNA genes was determined by fluorescent in situ
hybridization (FISH), according to the method
described by Pinkel, Straume and Gray (1986),
using 18S rDNA probes from Parodon hilarii
(Vicente, Jesus & Moreira-Filho, 2001) and 5S
rDNA probes from Leporinus elongatus (Martins
& Galetti, 1999).

Results

Both analyzed species were characterized by a
diploid number of 48 chromosomes, invariably.

In C. ferrugatus, all chromosomes are acro-
centric (Figure 1a). Occasionally, a secondary
constriction at interstitial region on long arms of
one large chromosomal pair could be observed.
Analysis of somatic metaphases in this species al-
lowed us to detect some chromosomes in associa-
tion by their centromeric region (Figure 2).

C. aurantonotus presented a great number of
biarmed chromosomes, being the karyotype com-
posed by four metacentric, 14 submetacentric, 26
subtelocentric and four acrocentric chromosomes
(Figure 1b).

Commonly, a secondary constriction on the
short arms of 18th pair was present. The size

Figure 1. Karyotypes of C. ferrugatus (2n ¼ 48) (a) and C.

aurantonotus (2n ¼ 48) (b). On inset, the NOR-bearing chro-

mosomal pair after silver nitrate staining.
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variation of such constrictions resulted in hetero-
morphism between homologues.

For both species, a single NOR-bearing chro-
mosome pair was identified after silver nitrate
staining, but NOR location was different for each
of them. In C. ferrugatus, positive marks were
situated on interstitial region of an acrocentric pair
(arranged as the third one of karyotype) (Fig-

ure 1a). In C. aurantonotus, active rDNA sites
were located on short arms of the 18th chromo-
somal pair, coincident to secondary constrictions
(Figure 1b).

By C-banding, significant differences were re-
vealed between both species. In C. ferrugatus,
heterochromatic portions were restricted to NORs
and centromeric regions, representing a small
amount of heterochromatin (Figure 3a).

Besides the centromeric marks, conspicuous
heterochromatic blocks could be visualized in C.
aurantonotus, occupying, entirely, the short arms
of chromosomal pairs 2 (metacentric), 7, 9 (sub-
metacentric), 12, 17, 18 (NORs), 20, 21, and 22
(subtelocentric) (Figure 3b).

By GC-specific fluorochrome staining (CMA3),
one marked chromosomal pair in C. ferrugatus
was detected corresponding to the NOR-bearing
chromosomes (Figure 4a).

On the other hand, in C. aurantonotus positive
marks were detected on the 18th pair, similar to
silver staining pattern, and on short arms of other
eight chromosomal pairs of meta-, submeta- and
subtelocentric types, although less evident than
that on NORs (Figure 4b).

FISH with 18S rDNA probes confirmed the
previous results obtained by silver nitrate, by the
identification of a single NOR-bearing chromo-
some pair in both species (Figure 5(a) and (b)).
FISH experiments revealed a structural hetero-
morphism of NOR size between homologous,

Figure 2. Somatic metaphase of C. ferrugatus showing some

chromosomes associated by centromeres, with radial disposi-

tion (arrows).

Figure 3. C-banded karyotypes. (a) C. ferrugatus, where heterochromatin distribution is restricted to NORs (third pair) and cen-

tromeric regions; (b) C. aurantonotus, with presence of constitutive heterochromatin on centromeres, and, conspicuously, on short

arms of chromosomal pairs 2, 7, 9, 12, 17, 18 (NORs), 20, 21 and 22.
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specially detectable in C. aurantonotus (Figure 5b).
When 5S rDNA probes were employed, a re-
markably distinct distribution pattern of 5S rRNA
genes was observed between both Centropyge
species. While C. ferrugatus presented two
chromosomal pairs bearing 5S rDNA on intersti-
tial position (Figure 6a), C. aurantonotus present-
ed up to 18 positive signals, mostly distributed
over heterochromatic blocks on short arms of
several biarmed chromosomes and on interstitial
position at long arms in one pair (Figure 6b). At
least, for C. ferrugatus, 5S and 18S rDNA clusters
are not syntenic, as it was possible to detect the

NOR-bearing pair by the presence of NOR-asso-
ciated heterochromatin, strongly stained with io-
dide propidium and negatively marked by 5S
rDNA probe (Figure 6a). Sequential staining in C.
aurantonotus failed and it was not possible to
verify if 5S and 18S rDNA clusters are syntenic.

Discussion

The presence of 48 acrocentric chromosomes in
Perciformes karyotypes is considered a basal con-
dition for this group (Galetti, Aguilar & Molina,

Figure 5. Metaphases of C. ferrugatus (a) and C. aurantonotus (b) after FISH with 18S rDNA probe, revealing one NOR-bearing pair,

as indicated by arrows.

Figure 4. CMA3 fluorescent stained karyotypes. (a) C. ferrugatus showing positive signals on NORs (third pair); (b) C. aurantonotus

with positive signals on NOR-bearing pair (18) and, additionally, on short arms of several other biarmed chromosomes, comprising a

total of 18 positively signed chromosomes.
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2000). Previous studies in Pomacanthidae indi-
cated that all analyzed species (n ¼ 6) present the
typical karyotype of Perciformes or close to it
(Arai & Inoue, 1975; Affonso et al., 2001; Affonso
et al., 2002).

Single NORs at interstitial position and the
presence of heterochromatic blocks associated to
centromeres and NORs have also been correlated
to ancestry in some Perciformes families, including
Pomacanthidae (Affonso et al., 2002). More re-
cently, FISH experiments using 18S rDNA and 5S
rDNA probes have indicated that the presence of
two chromosomal pairs bearing interstitial 5S
rDNA sites may be a rule amongst fish species
(Martins & Galetti, 2001; Sola et al., 2003), as well
as the presence of distinct chromosomes carrying
45S and 5S rDNA clusters (Deiana et al., 2000).

By this way, the present cytogenetical data in
C. ferrugatus, which corresponds exactly to the
pattern commented above, identifies this species as
another example of Perciformes with a highly
conserved karyotypical structure. This evidence, in
contrast to the specialization status of Pomacan-
thidae, could indicate that speciation process in
this family was not derived or followed by
karyotypical modifications (Molina, Maia-Lima &
Affonso, 2002).

On the other hand, for C. aurantonotus, it is
suggested a completely distinct karyoevolutionary
pathway. Firstly, despite the maintenance of the
diploid number (2n ¼ 48), several biarmed chro-

mosomes were detected in C. aurantonotus
(FN ¼ 92), diverging from the primitive funda-
mental number (FN ¼ 48) proposed for Percifor-
mes. This karyotype would be determined by
pericentric inversions, a common rearrangement,
responsible for most of karyotypical diversification
observed within this fish group. (Galetti, Aguilar
& Molina, 2000).

Numerically, the NOR pattern of C. auranton-
otus agrees with the basal model for vertebrates,
but its location (short arms of a subtelocentric pair)
could be considered derived for family Pomacan-
thidae, probably resulted from pericentric inver-
sion on an original acrocentric pair with interstitial
NORs (Affonso et al., 2002). Also, a remarkable
size heteromorphism between homologues was
detected, either by silver nitrate staining or FISH
with 18S rDNA probe, demonstrating that it
comprises functional and structural aspects.

The application of C-banding procedure was of
fundamental importance on karyotypical analysis
of C. aurantonotus. Besides those C-positive marks
at NORs and centromeric region, eight biarmed
chromosome pairs presented conspicuous hetero-
chromatic blocks on their short arms. This evi-
dence suggests that heterochromatin segments
were added to formerly acrocentric chromosomes.
Alike the NOR site, these heterochromatic blocks
on short arms of several chromosome pairs were
also CMA3

+, but lacking 45S rDNA clusters as
confirmed by FISH.

Figure 6. Metaphases of C. ferrugatus (a) and C. aurantonotus (b) after FISH with 5S rDNA probe, showing four positive signals in

the former species (arrows) and up to 18 marks in C. aurantonotus (the arrows indicate the pair bearing interstitial signals). Note that

5S rRNA genes are not located at the NOR-bearing pair in C. ferrugatus, whose NOR-associated heterochromatin is strongly stained

(indicated by arrowheads).
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The heterogeneity of heterochromatic segments
related to compositional differences is not unusual,
including examples in fish (Souza, Moreira-Filho
& Galetti, 1996), but poorly described in tropical
marine species. As all additional blocks presented
the same composition, it is suggested that they
share a common origin. It is possible that a pri-
mary segment of GC-rich heterochromatin have
been dispersed throughout the chromosome com-
plement of C. aurantonotus. After that, these seg-
ments could be amplified or accumulated by
unequal exchanges, transpositions and/or regional
duplication, similarly to the model proposed by
Margarido and Galetti (2000) in the fish Leporinus
desmotes (Characiformes). A non-random chro-
mosomal arrangement during interphase could
favor to attachment of chromosomal regions. This
may facilitate the heterochromatin dispersion to
equilocal sites from one chromosome to another
(see Schweizer, Loidl & Hamilton, 1987). The
frequent centromeric association of acrocentric
chromosomes in Perciformes (Molina & Galetti,
2002), as seen in C. ferrugatus, provides a theo-
retical basis for the origin of heterochromatin
dispersion occurred in C. aurantonotus.

The results provided by FISH using 5S rDNA
probe also evidenced the role of heterochromatin
dispersion in C. aurantonotus. The presence of
several 5S rDNA sites overlapping GC-rich het-
erochromatic segments is another indication that
this heterochromatin shares a common origin.
Besides the interstitial 5S rDNA cluster, usually
detected in fish species, another 5S rDNA cluster,
interspersed with such heterochromatin, was
equally distributed along the karyotype, deter-
mining one of the highest numbers of 5S rDNA
cistrons observed in fishes so far. The linkage
between GC-rich heterochromatin and rDNA
dispersal was previously detected in other fish
species, as Leporinus desmotes, but involving 45S
clusters (Margarido & Galetti, 2000), whereas the
association of CMA3 positive marks and 5S
rDNA sites was reported only in another Perci-
form species, Micropterus salmoides (Deiana
et al., 2000). The effects of this increased distri-
bution of 5S rRNA genes is unknown, but some
mechanism of gene regulation should be acting to
avoid an over expression. Alternatively, it is
plausible to assume that some, if not most, of the
positive signals detected by FISH with 5S rDNA
probe, correspond to pseudogenes, displaying a

very similar sequence to that of 5S rRNA genes,
but inactive. The identification of pseudogenes
was previously reported by other authors in some
animal groups (Leah et al., 1990; Martins et al.,
2002). The fact that these widespread positive
signals are located on heterochromatic regions
suggests the presence of pseudogenes, as hetero-
chromatin is normally related to gene inactiva-
tion. Nevertheless, to confirm such hypothesis,
sequencing and gene expression analyses should
be performed.

Finally, the present data allow for the identifi-
cation of a novel chromosomal diversification in
Pomacanthidae. It is possible that cytogenetical
differences between C. aurantonotus and C. fer-
rugatus would be a direct effect of distinct evolu-
tionary pathways. It is postulated that sea level
decreases during glacial periods at Atlantic Ocean
determined a bottleneck in several fish popula-
tions, even those characterized by great dispersal
(Goodbred & Graves, 1996). Such processes could
have favored to a faster establishment of a new
karyotypical pattern by drift effects in C. auran-
tonotus. Similar findings were reported in reef
fishes of the genus Chromis (Pomacentridae)
(Molina & Galetti, 2002).

It is also demonstrated that, as long as the cy-
togenetical surveys are improved on fishes from
coral reefs, it is possible to detect differentiated
levels of chromosomal diversification, and further
studies in other representatives from this realm
could contribute to our knowledge of cytogeneti-
cal patterns of the family Pomacanthidae.
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