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Muradiye Karasu Ayata'™ and Muhammet Gaffaroglu?

! Faculty of Health Sciences, Kirsehir Ahi Evran University, Kirsehir, Turkey
2 Department of Molecular Biology and Genetics, Faculty of Science, Kirsehir Ahi Evran University, Kirsehir, Turkey

Received October 4, 2018, accepted July 17, 2019

Summary The chromosomal data (chromosome number and morphology, Ag-NOR and C-banding patterns)
of endemic Luciobarbus kottelati was presented from Turkey. The diploid chromosome number was found to be
2n=100. The karyotype consisted of nine pairs of metacentric, 17 pairs of submetacentric and 24 pairs of subtelo-
acrocentric chromosomes (Fundamental number, Fn=152). Evident C-bands were on the pericentromeric regions
of three chromosome pairs. The number of Ag-NOR bearing chromosomes varied from two to six. This study is a

contribution to barbels chromosomal knowledge.
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Cyprininae “the largest subfamily of the family Cy-
prinidae” contains more polyploid species than any other
fish groups. Most polyploids in this subfamily are either
tetraploids (2n=100) or hexaploids (2n=150) (Yang et al.
2015). The genus Luciobarbus belongs to this subfamily.
The species of this genus are distributed in northwestern
Africa (Morocco, Algeria), the Iberian and Balkan pen-
insulas and western Asia (Turan et al. 2008). There are
14 species of this genus in the inland waters of Turkey
(Kuru et al. 2014). From these species, L. kottelati has
been described from the Biiyiik Menderes River in re-
cent years.

Chromosomal studies have been conducted in only
four species of the genus Luciobarbus from Turkey
(Kilig-Demirok 2000, Kaya 2009, Gaffaroglu et al.
2013, Unal and Gaffaroglu 2016). However, there is no
chromosomal study about L. kottelati. The aim of this
study is to reveal chromosomal properties of endemic
L. kottelati with conventional cytogenetic techniques
(Giemsa staining, C-banding, and Ag-staining) for the
first time.

Materials and methods

Fish sampling and chromosome preparation

One male and one female specimen of L. kottelati
were collected from Kiifi Creek, Civril, Denizli, Tur-
key (38°21'N, 29°50'E). These specimens were carried
alive to the laboratory and maintained in aquaria until
processing. Species identification followed Geldiay and
Balik (2007) and Turan ef al. (2008). This study was car-
ried out after permission from the Ahi Evran University
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Local Ethics Committee for Animal Experiments (per-
mit number: 68429034/19). The air-drying technique
of Collares-Pereira (1992) was performed on the head
kidney for chromosome analyses.

Chromosome staining

At least ten slides were prepared from each specimen.
Some slides were stained by 5% Giemsa. The C-banding
technique of Sumner (1972) was used for determining
constitutive heterochromatin regions and Ag-staining of
Howell and Black (1980) was used for determining ac-
tive NORs. After analysis, the specimens were deposited
in 70% ethanol at the Cytogenctics Laboratory of the
Department of Molecular Biology and Genetics, Faculty
of Arts and Sciences of the Kirgehir Ahi Evran Univer-
sity, Kirsehir, Turkey (MK A 94-95).

Microscopy, image processing and karyotyping

The preparations were scanned with a Leica DM 3000
microscope (Leica Microsystems GmbH, Germany) and
photographs of metaphases were taken with AKAS
software (Argenit Microsystem, Turkey). Chromosomes
were measured with digital caliper and karyotype
was arranged manually. Chromosomes were classi-
fied according to the criterion of the centromeric index
introduced by Levan et al. (1964). For calculating the
Fn, meta-submetacentric chromosomes were taken as
biarmed whereas subtelo-acroentric chromosomes were
taken as uniarmed. Figure mounting and image bright-
ness and contrast adjustments were performed in Adobe
Photoshop CS6.

Results and discussion

The diploid chromosome number of L. kottelati was
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2n=100 in 84% out of 100 analyzed metaphase plates
(Fig. 1A). The karyotype consisted of nine pairs of
metacentric, 17 pairs of submetacentric and 24 pairs
of subtelo-acrocentric chromosomes (Fig. 1B). The Fn
was calculated as 152. The diploid chromosome number
(2n=100) of L. kottelati is in concordance with previ-
ous karyological studies in the Anatolian representa-
tives of the genus Luciobarbus (except L. capito) (Table
1). However, the karyotype of L. kottelati shows some
differences with these species. The number of subtelo-
acrocentric chromosomes of L. kottelati is the same as
L. mystaceus, so they share the same Fn. But the number
of metacentric chromosomes show differences between
them. This situation may be the result of pericentromeric
inversions (and/or translocations involving centromeres)
as reported by Ayata ef al. (2016). According to the
chromosome number (2n=100), L. kottelati is tetraploids
as reported for L. pectoralis (Unal and Gaffaroglu 2016)
and for several cyprinine barbines (Rab and Collares-
Pereira 1995). Finally, L. kottelati shows similarity to
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L. mursa (Vasilyan et al. 2009), L. capito (Geng et al.
2013) and five Iberian Luciobarbus species (Collares-
Pereira and Madeira 1990) in diploid chromosome num-
ber (2n=100). Also, the majority of Luciobarbus species
possess a relatively high number of subtelo-acrocentric
chromosomes (Vasilyan et al. 2009, Geng et al. 2013).

The longest chromosome pair in the karyotype was
subtelo-acrocenric similar to L. pectoralis (Unal and
Gaffaroglu 2016). Morphologically differentiated sex
chromosomes were not observed in L. kottelati as were
not in L. capito (Kaya 2009), L. mursa (Vasilyan et al.
2009), L. escherichii (Gaffaroglu et al. 2013) and L. pec-
toralis (Unal and Gaffaroglu 2016).

Evident C-bands were on the pericentromeric regions
of three subtelo-acrocentric chromosome pairs (Fig. 1C,
D). C-band pattern of L. kottelati is fairly similar to the
results that have been obtained in Anatolian cyprinines
like L. escherichii (Gaffaroglu et al. 2013) and L. pecto-
ralis (Unal and Gaffaroglu 2016).

Ag-NORs were observed on the short arms of sub-
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Fig. 1. Giemsa stained metaphase (A), the arranged karyotype (B), C-banded metaphase (C), the arranged karyotype (D) of
L. kottelati. m: metacentric, sm: submetacentric, st-a: subtelo-acrocentric. Arrows indicate major C-bands.
Table 1. Karyological studies in the genus Luciobarbus from Turkey.
Species 2n Karyotype Fn Cytogenetic features References
L. mystaceus 100 22m+30sm+48st-a 152 — Kilig-Demirok (2000)
L. capito 120 32m+42sm+8st+38a 194 — Kaya (2009)
L. escherichii 100 14m+44sm+42st-a 158 C-bands, Ag-NORs Gaffaroglu ez al. (2013)
L. pectoralis 100 20m+42sm+38st-a 162 C-bands, Ag-NORs Unal and Gaffaroglu (2016)
L. kottelati 100 18 m+34sm+48st-a 152 C-bands, Ag-NORs This study
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metacentric chromosomes. The number of Ag-NOR ploid cyprinids (2r=100) have two (Cyprinus carpio) to
signals varied from two to six in the 72 scored Ag-NOR six (Barbus meridionalis) Ag-NORs (Rab et al. 1993,
stained metaphase plates (Table 2, Fig. 2A-E). Six Rab and Collares-Pereira 1995). On the other hand, L.

Ag-NORs were located in two pairs of submetacentric kottelati shows two to six Ag-NORs in submetacentric
chromosomes and in two non-homologous submeta- chromosome pairs, and the most common number is
centric chromosomes (Fig. 2F). The majority of diploid four. This feature has also been reported in L. esch-

cyprinids (2n=50) have two Ag-NORs whereas tetra- erichii (Gaffaroglu et al. 2013) from Anatolia, whereas
the Ag-NOR number of L. kottelati is different from L.
pectoralis (two Ag-NORs) (Unal and Gaffaroglu 2016),
and from other Anatolian cyprinines like Capoeta

Table 2. Ag-NOR number polymorphism of L. kottelati.

Number of Ag-NORs Ag-stained metaphase plates (%) antalyensis (six Ag-NORs) (Gaffaroglu et al. 2012),
2 13 (18) Cyprinus carpio (two Ag-NORs) and Capoeta dam-
3 10 (14) ascina (six Ag-NORs) (Unal and Gaffaroglu 2016).
: i é gz; Moreover, the observed Ag-NOR number in this study is
6 203) common in many tetraploid cyprinine species like Bar-

bus cyclolepis (Rab et al. 1996) and Carassius carassius
Total 72 (100) (Spoz et al. 2014). Nevertheless, the Ag-NOR location
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Fig. 2. Ag-stained metaphase of L. kottelati with two (A), three (B), four (C), five (D), and six Ag-NORs (E). F, arranged karyo-
type of E. Arrows indicate Ag-NOR signal.
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appears to be more variable in these species than L.
kottelati. The Ag-NOR number polymorphism that is
observed in this study has not been reported in other
Anatolian Luciobarbus species (Gaffaroglu et al. 2013,
Unal and Gaffaroglu 2016) and other Anatolian cypri-
nines (Gaffaroglu et al. 2012, Rab ef al. 1996, Unal and
Gaffaroglu 2016) but similar results have been reported
in several Anatolian leuciscine cyprinids (Ayata et al.
2016).
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