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Introduction

Cytogenetic studies have become an invaluable tool contribut-
ing to the solution of many systematic and evolutionary prob-
lems in fishes (Amemiya and Gold, 1988; Rab et al., 1991;
Nirchio et al., 2003). Classical cytogenetic analyses made use

of differential staining techniques to investigate numbers and
chromosomal locations of the nucleolus organizer regions
(NORs) and the chromosomal distribution and composition

of the constitutive heterochromatin (i.e. Gold et al., 1990;
Collares-Pereira, 1992; Boron, 1995; Rab et al., 1996; Rossi
et al., 1996, 2005; Sola et al., 2007; Nirchio et al., 2009).

The family Mugilidae is very important as a food fish for
humans. Its members are distributed throughout the world
from temperate to tropical coastal waters, readily entering

estuaries and even resident in freshwaters. This family includes
about 17 genera with 72 species (Nelson, 2006; Sola et al.,
2007; Coad, 2010). In Turkey, the Mugilidae family is repre-
sented by nine species: Mugil cephalus, M. soiuy, Liza ramada,

L. aurata, L. abu, L. saliens, L. carinata, Chelon labrosus, and
Oedalechilus labeo (Geldiay and Balik, 1988; Kuru, 2004;
Turan et al., 2005). Among these, L. abu is known to inhabit

and spawn in freshwater in southeastern Asia, in the Tigris-
Euphrates and Orontes river basins (Coad, 2010).
Cytogenetic analyses are available for 16 species of Mugili-

dae mainly from the Mediterranean Sea and South America
(reviewed in Sola et al., 2007 and Arai, 2011). However, the
karyology of L. abu had not been studied. In the present sur-

vey, the cytogenetic analysis of L. abu is reported through
Giemsa and Ag-NOR staining. The obtained karyological
data was compared with those of closer species available in
the literature.

Materials and methods

Samples (eight males and 12 females) were collected between
1995 and 1997 from the Devegecidi reservoir (38°03′N; 39°

57′E; altitude: 747 m) and Tigris River near Diyarbakir city,
Turkey (37°50′N; 40°14′E; alt.: 585 m). Morphological spe-
cies identification was based on that of Coad (2010). Fish
were transported alive to the laboratory and immediately

karyotyped. Chromosome preparations were made from kid-
ney cells using the air-drying technique described by Rab
(1981). Ag-staining followed Howell and Black (1980). Chro-

mosomes were classified using the nomenclatures proposed
by Levan et al. (1964), and arranged in decreasing size on
the basis of relative length and centromeric position (long/

short arms ratio). Metaphases were analyzed under a Nikon
ECLIPSE 80i microscope and microphotographs taken with
a Nikon DS-Fi1-U2 camera, using NIS-Elements Documen-

tation software. Images were processed using ADOBEPHOTO-

SHOP 8.0.

Results

Table 1 shows the number of specimens per sex and the
chromosome number distribution. Liza abu showed a diploid

number of 2n = 48 chromosomes with a karyotype formula
2 M and 46 A (Fig. 1a,b) and NF = 50. Morphologically
distinct sex chromosomes were not observed. Chromosomes

uniformly decrease in size, making it difficult to clearly iden-
tify the homologues, with the exception of the metacentric
chromosomes pair, classified as number 1, and of chromo-
some pair number 24, which is considerably smaller than the

others. With the Ag-staining technique, the nucleolus orga-
nizer regions in L. abu were detected on the terminal region
of one middle-sized acrocentric chromosomes pair (Fig. 1c).

Discussion

The diploid chromosome number reported here for L. abu is
the same as previously described for mugilid species, except
for M. curema (Le Grande and Fitzsimons, 1976; Nirchio

and Cequea, 1998; Sola et al., 2007; Arai, 2011). These
observations suggest that the karyotype with 2n = 48 could
be the more conservative condition for Mugilidae (Sola
et al., 2007). It has been proposed that the reduced chromo-

some number observed in M. curema (2n = 24 and 2n = 28)
could be the result of extensive Robertsonian fusions, from
an ancestral taxon with an all-acrocentric chromosome com-

plement like that of M. cephalus (Rossi et al., 2005).
As previously described (Sola et al., 2007), four main cyto-

types (A, B, C1, and C2) can be distinguished in mullet spe-

cies. The chromosome complement of L. abu reported in this

Table 1
Number of specimens and chromosome number distribution of Liza
abu from the Tigris River (Turkey)

Sexes Specimens

Chromosome
number distribution

Total cells46 47 48

Male 8 4 8 52 64
Female 12 2 11 70 81
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study conforms to cytotype B, with 46 acrocentric chromo-
somes which are shared by L. aurata, L. ramada, L. saliens,
C. labrosus and O. labeo species (Gornung et al., 2004; Sola
et al., 2007). However, L. abu differs from these species due

to the presence of two metacentric chromosomes, which is an
unusual feature in mugilid fish. The fundamental numbers of
this species (NF = 50) are shown in some mugilid species

such as C. labrosus, L. aurata, L. ramada and L. saliens
(Sola et al., 2007). The high NF values observed in L. abu
(50) suggest the occurrence of rearrangements in the chain

acting upon the karyotypes of the species, presumably
derived from a pericentric inversion. Pericentric inversions
and the gain or loss of heterochromatic arms change the arm

number, but not the chromosome number (Gibson, 1984).
Karyological information about the Mugilidae shows that

NORs generally occur on a single chromosome pair, and
two groups of species can be identified according to the loca-

tion of their NORs (Nirchio et al., 2007; Sola et al., 2007).
In the first group, NORs are located in a terminal position
on the long arm of the largest chromosome pair (including

M. cephalus, M. platanus, M. liza, and both M. incilis and
M. curema 2n = 24 from Venezuela); in the second group,
NORs are located on the short arm of a subtelocentric chro-

mosome pair (which includes Liza aurata, L. ramado, L. sal-
iens, Chelon labrosus and Oedalechilus labeo, A. monticola
and M. curema 2n = 28 from Brazil). Finally, in M. rubrioculus
and M. trichodon, the single pair of NORs is interstitially

located (Nirchio et al., 2005, 2007). Compared to these spe-
cies, L. abu from the Tigris River shows a completely differ-
ent localization of NORs, i.e. these chromosomal regions are

indeed in terminal positions on a mid-sized acrocentric chro-
mosome pair. Mugilidae have a conservative chromosome
macrostructure, reinforcing the hypothesis that small struc-

tural chromosome rearrangements involving active NOR
sites are the main cause of the karyotypic diversification seen
in this group (Nirchio et al., 2005).

In conclusion, the present study offers basic and important
karyotype information for a mugilid species, L. abu, for
which data were unknown and from a geographic area where
other, not yet investigated, Liza species are present. Data

obtained add a new cytotype to those already described in

this family, characterized by the presence of two large meta-
centric chromosomes. More detailed chromosomal data from
other species of the Mugilidae family will be necessary in
order to understand the patterns of the karyotypic relation-

ship among species within this taxon.
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