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ABSTRACT: A cytogenetic study of Stephanolepis setifer by conventional Giemsa stain and localization of Nucleolus
Organizer Regions (NORs) hy silver staining is reported. Females possess a diploid chromosome number of 2n=34, all of which
are acrocentric, Males exhibit a karyotype with 2n=33 chromosomes, consisting of 32 acrocentric chromosomes including
two unpaired acrocentric chromosomes, and one medium-size metacentric chromosome. The results suggest the presence of
a multiple sex chromosome system of X1X1X2X2/X1X2Y type. The X1 and X2 chromosome sizes suggest that the
metacentric chromosome is derived from Robertsonian fusion between the original Y chromosome and an autosome which
probably corresponded to one element of the pair 16 and another of the pair 17, resulting in a neo-Y sex chromosome. Silver
staining of metaphase spreads revealed a single pair of Ag-NORs interstitially located on the chromosome pair numbered 7.
The comparison of our results with previous reports in Tetraodontiformes species suggest that its evolutionary divergence has
been accompanied by macrostructural karyotype changes as far as microstructural alteration in NORs cluster.
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RESUMEN: A cytogenetic study of Stephanolepis setifer by conventional Giemsa stain and localization of the Nucleolus
Organizer Regions (NORs) by silver staining is reported. Females feature a diploid chromosome number of 2n=34 chromosomes,
all of which are acrocentric. Males exhibit a karyotype with 2n=33 chromosomes, consisting of 32 acrocentric chromosomes,
including two unpaired ones and one medium-size metacentric chromosome. The results suggest the presence of a multiple sex
chromosome system of the X1X1X2X2/X1X2Y type. The size of chromosomes X1 and X2 suggests that the metacentric
chromosome is derived from a Robertsonian fusion between the original Y chromosome and an autosome, probably
corresponding to one element of pair 16 and to another of pair 17, resulting in a neo-Y sex chromosome. Silver staining of
metaphase spreads revealed a single pair of Ag-NORs interstitially located on the seventh pair. The comparison of our results
with previous reports in other Tetraodontiforme species suggests that their evolutionary divergence has been accompanied by
both macrostructural karyotype changes and microstructural NOR alterations.

Key words: cytogenetics, multiple sex chromosomes, Ag-NORs

INTRODUCTION
Mexico, and the Caribbean Sea (MATsuura, 2002).

The order Tetraodontiformes is represented by 101
genera and 357 species; most are marine, although 14 of
them occur only in freshwater and another eight may be
found in freshwater (NeLson 2006). Within the
Tetraodontiformes, the Monacanthidae includes about 32
genera and 102 species (NELsoN 2006; Acero & PoLANCO
2006). The pygmy filefish, Stephanolepis setifer, is a
monacanthid which occurs in the Western Atlantic from
North Carolina to Brazil, including Bermuda, the Gulf of

Cytogenetic studies of Tetraodontiformes have, thus
far, covered only about 17% of the species (ca. 60 species)
but have characterized the group as karyotypically very
diverse (Table 1). With the aim of contributing to the
cytogenetic knowledge of Tetraodontiformes, in the
present study we report the karyotype and the localization
of Ag-NORs for Stephanolepis setifer, with remarks on
sex chromosome differentiation in the species.
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MATERIALS AND METHODS

Four males and six females of Stephanolepis setifer
collected with inshore fish traps in Cubagua Island,
Venezuela, were analyzed. Their sex was established by
external sexual dimorphism (second soft dorsal-fin ray
greatly prolonged in mature males Fig. 1) and confirmed
by the presence of well differentiated testes or ovaries
during dissection of the fishes. Voucher specimens are
deposited in the Fish Collection of the Escuela de Ciencias
Aplicadas del Mar at Universidad de Oriente.

Chromosome preparations were obtained from cephalic
kidney cells by conventional air-drying techniques
(BerToLLo et al. 1983) using stimulation of mitotic activity
(Lee & EvLper 1980). Silver-stained Nucleolus Organizer
Regions (Ag-NORs) were obtained as described by
HoweLL & Brack (1980). The best metaphases were
photographed using a Motic camera and images were
digitally processed using the Adobe Photoshop CS2
software. The chromosomes were classified according to
the arm ratio (Levan et al. 1964). Fundamental number (NF)
was determined considering subtelocentrics (ST) and
acrocentrics (A) as having one chromosome arm and
metacentrics (M) and submetacentric (SM) as having two
chromosome arms.

RESULTS AND DISCUSSION

Tetraodontiform fishes display diploid numbers and
karyotype formulae that include exclusively acrocentric
chromosomes as well as very differentiated and distinct
karyotypes with chromosome numbers ranging from 2n=28
to 2n=48, and NF values from 33 to 78 (Table 1).

In female S. setifer the karyotype has 2n=34
chromosomes, all of which are acrocentric. Males exhibita
karyotype with 2n=33 chromosomes, consisting of 32
acrocentric chromosomes including two unpaired
acrocentrics, and one medium-size metacentric
chromosome. This result suggests the presence of a
multiple sex chromosome system of X1X1X2X2/ X1X2Y
type in S. setifer (Fig. 1). This multiple sex chromosome
system requires the attachment of the Y chromosome to
an autosome by translocation or Robertsonian fusion,
which results in males and females having different diploid
chromosome numbers and different numbers of metacentric
and acrocentric chromosomes (e.g. UveEno & MILLER 1971;
THORGAARD 1978). The X1 and X2 chromosome sizesin S.
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setifer suggest that the metacentric chromosome is derived
from Robertsonian fusion between the original Y
chromosome and an autosome which probably
corresponded to one element of the pair 16 and another of
the pair 17, resulting in a neo-Y sex chromosome.

Identifying which sex is heterogametic and which is
homogametic provides information about the sex-
determination mechanism present in the species (DevLIN
& NacaHAMA 2002). Five different systems of sexual
chromosome determination (ZZ/ZW, XX/XY, XX/X0,
XIXIX2X2/X1X2Y, XXIXY1Y2 and ZZ/ZW1W?2) have
been identified in neotropical fish (NircHIO & OLIVEIRA,
2006; ALves et al. 2006). The main evolutionary events
that determine sexual chromosome systems include
additions or deletions of heterochromatic blocks (e.g.
PHILLIPS & IHsSEN, 1985; ANDREATA et al. 1992; Cano et al.
1996; SteiN et al. 2001), reductions in chromosome size
(e.g. PArRk & KaNe 1979), increments in chromosome size
(e.g. GaLeTTi et al. 1981), and chromosome rearrangements
(e.g. UvENo & MILLER 1971; THORGAARD 1978; BERTOLLO
etal. 1983; de ALmEIDA ToLeDO et al. 1984; PezoLb 1984;
VitTuri etal. 1991).

Among Monacanthidae, the genera Cantherhines,
Navodon, Paramonachantus, Rudarius and
Oxymonacanthus have been reported as possessing
exclusively subtelocentric or acrocentric chromosome
complements with the same diploid number in both
genders, but for the species so far cytogenetically
analyzed of the genus Stephanolepis, except for S.
japonicus, a multiple sex chromosomes of the X1X1X2X2/
X1X2Y type as the one here reported for S. setifer have
been reported also in S. cirrhifer, and S. hispidus (Table
1). Since the occurrence of cytologically differentiated
sex chromosomes in marine fishes appears to be rare
(GaLeTTI et al. 2000), the presence of differentiated sex
chromosomes only in Stephanolephis suggest that this
mechanism might be a derived feature of the genus.
Additional studies in different tetraodontiform species
will be important to know if those sex chromosomes
originated only once in the order or, alternatively, this
was a common feature for the group.

NOR-silver staining is one of the methods used to locate
18S and 28S rRNA cistrons in chromosomes (HoweLL &
Brack 1980) and requires transcriptional activity of the
ribosomal genes during the preceding interphase (see
HusgeL 1985, SANCHEZ-PiNA et al. 1984, JiMENEZ et al. 1988).
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Table 1. Table 1. Chromosome number in tetraodontiform species. a: acrocentric, st: subtelocentric, sm= submetacentric, m=metacentric.

Family

TRIACANTHIDAE

TETRAODONTIDAE

DICDONTIDAE

Species

Tracanthus evronsis

T swighifer

Arothrom hispidus

A immaculatus

A. immaculats

A. feopardus

A nigropumerarus

A. rerizularis
Cantlegaster coronate
O rivalon
Chelonodon patoca
Fugu chrpsops

F miphobies

F pandalis

F poecilonctus
Lapocephalus lasvigatus
L lumaris

Monotetra
palambagensis
Spheeroides greeleyi
A tplert

5 spengleri

5 restudineus
Takifugu niphobeles

T pardali

I poecilonotus

T radiatus

I rubripes

I santhopterus
Tetraodon cuteutia
Tetraodon fluviatilis
Tetraodon nigrevividis
Thadam blekeeri

D holacantfus
Chilomyeterus spinosus
Chilonsicterus antermatus

Cloliothys spimosus

IN

48

48
42
42
42
40
38
42
28
34
40
44
44
44
44
48
44

42

48
48
48
46
44
44
44
44
44
44
42
42
42
48
4
52
52
50

Karyotype formula

42 a

42 a
J6sm+ 6 stfa
14 m+ lBsm+ 12 stfa
12 m+ lBsm+ 16 stfa
ldm+ 14 sm+ 12 stia
14 m+20sm+ 4 stha
12 m+ 14 sm+16 stla
2 mism + 20 sta
dm + Bsm+ 10stfa +14a
ldm+ lEsm+ 10:tfa
Bm+ ldsm+ 24 stla
20mfsm + 24stfa

10m+ ldsm+ 20sta

24: mibsm + 2stla
12 mfsm + S34stfa
20mism + 26stfa
20mism + 26stla
dmism + 18sm + 2dstia
Amfsm + 18sm + 2252
I2m + 10st + 235t
B+ 14st + 2stfa
I0m + 125t + 22stia
Bm + 145t + 2dstfa
lam+ 125t + 10a
dm+ dsm+ st + 344
20mifsm + 225t
20mfsm + 26stfa
16mifsmr 36stia
frr + d6sta
dm+ 18%m+ 12t+ 16a

4z

48
78
72
68
£
72
A8
3
54
0
&4
£4

]

T
58
3]
)
&g
)
B&
3]
)
Bi&
T
a0
a2
58
Bi&
aa
58
6

Referenwe

CHOUDHTE Y ef af, 1982

ExH er ol 1975

W ATsEpTel & 5 UBEAHRMANTAN, 1974
BERD & Mpzemers 1978
CHOUDUEEY et ol 1982
L ERD & M poeawra 1975
Lxer & Heaoanie 1276
CHOUDUEY & o, 1982
Axer 1983

A EeD & M psnnie 1276
L ERD & M poemwrs 1978
Lxer & Heaoanie 1276
&Eel f B promyene 1975
Axer 1983

AEer 1985

Axer 1985

CHOUDUEY o of. 1982
Hwrcssowes. & REomw 1972

Ermm & Mo, 2002

Brmm et al, 1996

Brmm et al. 1996

Horrm er of. 2006

M IeprT et ol 1995
Meprs et ol 1995
MIvprT et ol 1995
MITvRTT of ol 1995

Mreprs er ol 1995

M IvrET et @l 1995
Emmre-BEvreeH & Brrnr 1957
M srmEOLr e @l 2000
FracEre or ol 2000

Lxer & Heaoanie 1276
383 pERTL o M orme 2001
Brmm et ol 1994

387 pERIEL o Morme 2005
MorEm er &l 2006
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F aroly 3 peces ZH
Lactoria diaphana 38

05 TRACIDAE Clstracion sufious 50
O dmpaeniatus 50

Balistapus undulatus 42

Balites vetula 44

Balitoides eonspmenllum 44

B viridescens 44

Meliclabys xmger 40

Meliclkahys vidua 40

COdoyus wweer 42

BALISTIDAE Parika scaber 40
Pseudobalistes flavenargnatus 44

Rhineacanthus aruleatis 44

R echarpe 44

R verrusosus 44

Rueanus awodas 3a

Syflamen chysopterus 46

A pasnatus 46

Cantherhines macrsaceus 40

MNavadon madestus 40

Bephaolepis ciryifher (d) 33

Bephamolepis civrifher (F) 34

Bephanolepis hispidus (M) 33

MO AC AHTHIDAE Bephanolepis hispidus (F) 34
Sephanolepis sexfer Jd) 33

Hephanolepis sexfer (F) 34

Sephanolepis japovicus 34
Paramenachantus japonicus 34

Rudarius ereodes 36

Oy ronae antins lonelrostyis 36

K armtype HF Reférence
- 48 Arai 1285
dsm + 4esth 54 Ayai & Nagasers 1976
dsm + 4esth 54 Ayail283
425tla 42 Tamer & Ome 1987
44 5 A-GerRmAn & Mormre 2005
4dstla 44 Tamer & Omme 1987
2m+ Zsm+ 40:4a 48 Teamer & Omme 1287
- 40 5 A-Grerrmen & Mormge 2005
405tla 40 Emeenme & O 17354
42stia 42 Koeveme & Orme 1954
40sta 40 MUROFTIHL et al. 1985
Em+ 43sta 46 ARAT & Macarwa 1576
44stfa 44 ARAT & Macanums 1978
4dstia 44 Emeveme & Oome 1954
4dstla 44 AReT o Nacenwe 1978
SEstla 386 ARAT & Nacenwe 1978
4fstla 48 ARAT o Macenwe 1978
4Estla 48 Tamer & Omme 1987
40stia 40 AReT & Nezewrere 1976
40stia 40 Muroeosm £ YTosme 1979
33stfa MuororoeH e of. 1250
3 stha MuororoeH e of. 1250
Ha+ lsm S b-Gerrren & Morme, 2005
Ha S b Grrrren & Morme 2005
32a+ lm 34 THs pereE.
Ha 34 Taz pares.
3dstia 34 MurcroimE & YosDe 1579
3dstia 34 MuroroimE & Yosme 1579
SEstla 386 ARRT & Macenwe 1978
SEstla 386 ARRT & Macenwe 1978

Silver staining of metaphase spreads revealed a single
pair of Ag-NORs interstitially located on the chromosome
pair number 7 (Figure 1). As far as ribosomic cistrons are
concerned, silver impregnation performed on some
Tetraodontiformes species has revealed that NOR
localization in this group is also a cytogenetically variable
feature. Indeed, a survey of Brazilian tetraodontiforms
(Bezerra 2007) showed a single NOR located interstitially
on chromosome pair number 2 in Melichthys niger
(Balistidae), pericentromerically located on pair 7 in
Cantherhines macrocerus and on pair 5 in C. pullus
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(Monacanthidae), terminally located on the short arm of
the metacentric chromosome pair number 2 in Sphoeroides
testudineus (Tetraodontidae), and on the tips of the short
arms of the subtelocetric pair number 7 in Chilomycterus
antennatus (Diodontidae).

The high diversity of karyotypes indicates that the
evolutionary divergence in tetraodontiforms has been
frequently accompanied by macrostructural
rearrangements that originated different diploid number.
On the other hand, the occurrence of Ag-NORs in different
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X1X1 X2x2

X1 X2 Y

Fig. 1. Karyotype of Stephanolepis setifer. NOR-bearing chromosomes appear in the box.

chromosomes and positions also shows that
microstructural changes were fixed in karyotype evolution
in tetraodontiforms.
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