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ABSTRACT
Chromosome number, morphology and location of the nucleolus organizer region (NOR) are 
useful cytological characters for taxonomic and evolutionary studies. The karyotype of Upeneus 
moluccensis from the north-eastern Mediterranean was investigated through conventional 
Giemsa staining, Ag-NOR staining, C-banding and GTG-banding techniques. The results showed 
2n = 44 (FN = 46), 2m + 2st + 40a chromosomes and four NORs. Two telomeric C-band regions 
were observed on a metacentric and subtelocentric chromosome pair. On the basis of the 
chromosome morphology, the GTG and C-banding pattern, it is hypothesized that Upeneus 
moluccensis is more primitive than the Mediterranean native fish species, Mullus barbatus 
and Mullus surmuletus. In this study, the cytogenetic characterization of U. moluccensis has 
been carried out for the first time.

KEYWORDS
C-banding; Ag-NOR staining; 
GTG-banding; Mullidae; cell 
culture

ARTICLE HISTORY
Received 21 June 2015 
Accepted 25 December 2015

et al. 2010). Highly polymorphic numbers and positions 
of NORs have been described in fish species (Phillips  
et al. 1988; Castro et al. 1996). The most common NOR 
localizations in fishes are reported at telomeric regions 
(Gold 1984; Karahan and Ergene 2010), with some taxa 
bearing NORs on a single chromosome pair (Galetti et 
al. 1984; Accioly and Molina 2008) and others showing 
a multi-chromosomal NOR distribution (Foresti et al. 
1981; Phillips et al. 1988; Castro et al. 1996; Karahan 
and Ergene 2011).

In most eukaryotes, the centromere’s DNA sequence 
consists of large arrays of repetitive DNA (Mehta et al. 
2010). C-banding stains the constitutive heterochroma-
tin region, corresponding to repetitive regions in the 
genome, which are extremely condensed during the 
metaphase phase of cell division. Heterochromatin has 
played an important role in the study of the diversifica-
tion of some fish groups (Molina et al. 1998; Margarido 
and Galetti et al. 2000; Hughes and Hawley 2009). It is 
associated with rearrangements, quantitative variation 
and the formation of new karyotypes (Miklos and Gill 
1982; Rocco et al. 2002).

The Mullidae family (goatfishes) consists of 87 eco-
nomically important species belonging to six genera 
(Eschmeyer and Fricke 2015); they inhabit coastal 
waters, always near the bottom (Froese and Pauly 
2015). One of the largest genera of the family Mullidae 
is Upeneus Cuvier 1829, which comprises 37 species 
(Froese and Pauly 2015). Whereas most members of 
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Introduction

Understanding ecosystem biodiversity is fundamental 
to ecological research and key to maintaining a healthy 
environment, and for sustainable use of ecosystem ser-
vices (Hajibabaei et al. 2011). Genetic variation is a 
fundamental characteristic of most biota and karyotype 
data have shown extensive variability between different 
species and higher taxonomic categories, proving a use-
ful tool to indicate the evolutionary distance between 
species (Dobigny et al. 2004; Cioffi et al. 2012). Fish 
exhibit the greatest biodiversity among the vertebrates, 
making this group extremely appealing for the investi-
gation of many evolutionary questions. Chromosomal 
studies with fishes from different regions of the world 
have provided reliable information on the inherent 
diversity of this group. Cytogenetics is a powerful tool 
for discovering biodiversity, with useful applications in 
evolutionary, taxonomic, phylogenetic and conservation 
studies (Cioffi et al. 2012).

Classical conventional karyotyping methods have 
been used for many years to determine chromo-
some number and morphology. The advent of chro-
mosome banding techniques [i.e., centromere (C-), 
giemsa (GTC-) and silver staining-nucleolar organiser 
regions (AgNORs)] enabled the differentiation of spe-
cific regions along chromosomes. Nucleolar organizer 
regions (NORs) are particularly significant in chro-
mosomal evolutionary analyses (Fujiwara et al. 1998; 
Affonso et al. 2002; Sato and Nishida 2010; Sczepanski 
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Haemek, Israel, 10 μg ml–1) was added to the cultures 3 h 
before harvesting. Despite the high amount of the anti-
biotic and antimycotic solutions (10–20 ml l–1), fungus 
contaminations occurred in 49-cell culture tubes. For 
this reason, metaphase plates could only be obtained 
from a total of 10 females of Mersin (six) and Iskenderun 
(two) bays and Yesilovacık (two) region.

Detection of the NORs was carried out following the 
silver (AgNO3) staining method of Howell and Black 
(1980). Characterization of the pattern of constitutive 
heterochromatin was performed through the C-banding 
method (Sumner 1972). Chromosome morphology 
was determined according to the centromere position 
following the nomenclature by Levan et al. (1964). 
Metaphase chromosomes were banded using the con-
ventional trypsin-Giemsa banding (GTG-banding) tech-
nique (Seabright 1971). After ageing at 65°C for 45 min 
the metaphase chromosome slides were treated with a 
trypsin solution (0.25% in 1× PBS) for between 30 and 
120 seconds. Trypsin-treated slides were rinsed in calf 
serum buffer (containing 500 μl FCS and 50 ml 0.025 M 
KH2PO4 buffer, pH 6.8) for 3 min followed by Giemsa 
staining (made in 0.025 M KH2PO4 buffer; pH 6.8) to 
visualize chromosomes. Chromosome arm number or 
fundamental number (FN) was determined considering 
subtelocentric and acrocentric (st/a) chromosomes as 
uni-armed, and metacentric and submetacentric (m/
sm) chromosomes as bi-armed. MICRO-MEASURE 
software (http://micromeasure.software.informer.
com/3.3/) was used to discriminate chromosomes 
types. Metaphase spreads were examined with a Nikon 
Optiphot-2 microscope equipped with a Nikon Digital 
camera (DXm1200F, Nikon Corp., Netherlands). 
Photographs were processed with the use of Adobe 
Photoshop software (v. CS5, http://www.adobe.com/tr/
products/photoshop.html).

Results

Of the 460 metaphase plates, 420 were counted as 2n = 
44 with the karyotype of 2m + 2st + 40a chromosomes 
(FN = 46). The chromosome number of the other 40 
metaphase plates was between 36 and 43. These meta-
phases were regarded as incomplete. Giemsa staining, 
C-banding, GTG-banding, AgNOR staining metaphase 
images and AgNOR staining interphase cell images are 
given in Figure 1a–e. Moderate heterochromatic blocks 
(C+ regions) were seen in the centromeric regions of 
17 chromosome pairs, but conspicuous non-pericen-
tromeric blocks (telomeric) were observed on the first 
metacentric chromosomes (Figures 1b, 2). A subtermi-
nal heterochromatic segment was also observed on the 
short arm of chromosome pair 2 just above its terminal 
secondary constriction (Figures 1b, 2). GTG-banding 
results showed certain positive bands for euchromatic 
and heterochromatic regions on the telomere regions of 
just three chromosome pairs, with one acrocentric pair 

the genus originate from the Indian Ocean, there are a 
few species which derive from the Pacific and Atlantic 
oceans. Seven species of the Mullidae family are reported 
for the Mediterranean Sea, three of them native [Mullus 
barbatus Linnaeus, 1758; Mullus surmuletus Linnaeus, 
1758 and Pseudupeneus prayensis (Cuvier, 1829)], three 
introduced [Upeneus pori Ben-Tuvia and Golani, 1989; 
Upeneus moluccensis (Bleeker, 1855) and Upeneus asym-
metricus Lachner, 1954] and one of questionable origin 
[Parupeneus forsskali (Fourmanoir and Gueze, 1976)] 
(Froese and Pauly 2015). Upeneus moluccensis (gold-
band goatfish) is one of the most commercially viable 
(Nelson 2006) and successful Lessepsian fish species in 
the Levantine Basin.

In the present study, the karyotype of U. moluccen-
sis was analysed using conventional Giemsa staining, 
C-banding, GTG-banding and AgNOR staining tech-
niques. In traditional taxonomy, morphology is a key 
factor for describing and naming species, based on the 
physical characteristics such as size, shape, colour and 
anatomical structure. Karyological data could be useful 
in providing new elements for discussion in addition to 
those of traditional morphology. The present study was 
undertaken to provide the first analysis, to our knowl-
edge, of the karyotype of U. moluccensis.

Methods 

Samples were collected between January and December 
2010 from the north-eastern Mediterranean; Mersin 
Bay (36°33′N, 34°15′E) and Iskenderun Bay (36°43′N, 
35°47′E), and the Yesilovacik region (36°10′N, 33°37′E), 
with the Research Vessels Bilim-2 and Lamas using a 
trawl net. 59 U. moluccensis individuals (24 from Mersin 
Bay, 17 from Iskenderun Bay and 18 from Yesilovacik 
region) were used for cytogenetic analyses.

 Leukocyte cell culture was applied to obtain meta-
phase chromosomes from the species blood cells. Mitotic 
chromosome preparation from lymphocyte cultures fol-
lowed the protocol described by Fujiwara et al. (2001). 
Caudal vein areas of individuals were cleaned with dis-
tilled-water soaked cotton and after complete drying 
swabbed with absolute ethanol. Approximately 1–2 ml 
blood was withdrawn from the caudal vein through a 2 
ml syringe equipped with a 25Gx 5/8-inch needle pre-
flushed with sodium heparin (Nevparin, MN, Istanbul, 
25.000IU/5 ml). The blood was immediately transferred 
to sterile centrifuge tubes and stored at 4°C until use. 
Cell cultures were established within 24 h after blood 
withdrawal. After centrifugation of whole blood (2500 
rpm for 10 min), leukocyte cells were collected from the 
interface between red cells and plasma and incubated in 
5 ml medium (Biochrom, AG, Berlin) containing antibi-
otic and antimycotic (Sigma-Aldrich, Germany, 10,000 
units penicillin, 10 mg streptomycin, and 25 μg ampho-
tericin B per ml) for 72 h at 27°C. Following the incuba-
tion period colcemid (Biological Industries, Kibbutz Beit 
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almost entirely heterochromatic. On the other hand, no 
clear heterochromatic bands were seen for other chro-
mosomes (Figure 1c).

Four actively transcribed telomeric NORs regions 
were identified on the second subtelocentric chro-
mosome pair and a small acrocentric chromosome 
pair (Figure 1d). During interphase, both ribosomal 
genes and their respective silver stained proteins are 
localized within the nucleolus (Hittmair et al. 1994). 
Carbajo et al. (1993) reported that since both the 
mean area and numbers of AgNORs per cell increase 
from the G0–G1 phase to the early-mid and late-mid 

Figure 1.  Metaphase and interphase cell images of Upeneus moluccensis from the north-eastern Mediterranean: (a) Giemsa staining, 
(b) C-banding, (c) GTG-banding (d) AgNOR staining and (e) AgNOR interphase cell. Arrows indicate the first metacentric and second 
subtelocentric chromosomes with non-pericentromeric blocks, positive heterochromatic GTC regions and NORs respectively.

Figure 2.  Giemsa staining, C-banding and AgNOR staining karyotypes of Upeneus moluccensis (2n = 44, 2m + 2st + 40a, FN = 46) 
from the north-eastern Mediterranean.

S-phases, the expression of AgNORs is causally or 
indirectly linked to DNA synthesis and, thus, AgNORs 
can be considered as a cell proliferation marker. In the 
present study interphase stage NORs numbers were 
observed between 2 and 4; with reference to the pre-
vious study we can say that “2” represents G0–G1, and 
“4” S or G2 phases (Figure 1e).

 Karyotype images of the Giemsa staining, C-banding 
and AgNOR staining are presented in Figure 2. Arm 
ratios of chromosomes, non-centromeric C-band 
regions and NORs are given in Figure 3.
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elements, has been suggested as primitive for tele-
ostean fish (Ohno 1970, 1974; Chen 1971). When we 
focus on the karyotypes of M. barbatus, M. surmuletus 
(6 m/sm + 16 st + 22t/a and 8m/sm + 16st + 20t/a 
respectively) and the present study species (2m + 2st 
+ 40a), given the knowledge that “the more uni-armed 
elements the more primitive” (Ohno 1970, 1974; Chen 
1971; Greenbaum et al. 1978) we can say that U. 
moluccensis is more primitive than those native spe-
cies. Additionally, the primitive karyotype was pro-
posed to have little autosomal heterochromatin and 
this heterochromatin is probably limited to the cen-
tromeric regions (Greenbaum et al. 1978; Koop et al. 
1984). In the present study, besides constitutive cen-
tromeric heterochromatin on 17 chromosome pairs 
and telomeric blocks on chromosome 1 only a few 
GTC-band regions were seen. Non-pericentromeric 
C-bands of U. moluccensis possibly indicate that these 
C-band sequences evolved during the diversification 
of the species, perhaps occupying distinct chromo-
some territories and being subject to chromosomal 
dispersion patterns (Dos Santos Abel et al. 2006) and 
karyotypic rearrangement (Galetti et al. 2000).

Despite their high economic value, mullid cytoge-
netics has received little attention to date, because of 
the both the intrinsic difficulties in analysing karyo-
types with small chromosomes sizes and the problem 
of keeping fish alive after sampling. It is believed that this 
study will significantly contribute to mullid taxonomy 
research.
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Discussion

In the present study, a cytogenetic analysis of U. moluc-
censis by conventional Giemsa staining, C-banding, GTG-
banding and AgNOR staining has been carried out for the 
first time. Mullus barbatus and M. surmuletus are native 
fish species of the Mediterranean Sea and also the closest 
relatives of U. moluccensis in the area. The diploid chromo-
some numbers of both species were reported to be 44. The 
karyotype of M. barbatus was described as 6 m/sm + 16 st + 
22t/a (FN = 50) with two NORs by Vitturi et al. (1992) from 
Palermo (Sicily, Western Mediterranean), and by Saygun  
et al. (2006) for the Zonguldak region (Western Black Sea). 
The karyotype of M. surmuletus was reported as 8m/sm + 
16st + 20t/a (FN =52) and with two NORs by Vitturi et al. 
(1992) from Palermo (Sicily, Western Mediterranean). In 
the present study, the chromosome number of U. moluccen-
sis was also determined as 44 and the karyotype consisted 
of 2m + 2st + 40a chromosomes with four NORs and four 
telomeric positive heterochromatin regions (C-bands). Two 
NORs were reported at the terminal position on the short 
arm of a medium-sized a-/st chromosome for M. barbatus 
and M. surmuletus species by Vitturi et al. (1992). In the 
present study four NORs were identified on the second sub-
telocentric and on a small acrocentric chromosome pair. 
The NORs on the acrocentric chromosomes are compatible 
with those of related species M. barbatus and M. surmuletus 
and were found in typical locations for fishes (Hartley 1987; 
Amemiya and Gold 1988).

Chromosome number and morphological varia-
tion among fish species can be used to investigate 
the evolutionary relationships among and within spe-
cies (Thorgard and Disney 1990; Molina et al. 2008; 
Karahan and Ergene 2009, 2011). A chromosome 
number of 2n = 48, consisting entirely of uni-armed 

Figure 3.  Chromosome arm lengths of Upeneus moluccensis species (blue solid circles indicate C-band positive regions and red solid 
circles indicate NOR sites).
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