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Abstract:

In this study, nucleolar organizer regions of Chalcalburnus mossulensis were investigated.
Analysis of karyotypes revealed that the diploid numbers of chromosomes was 2n=50. There
were six pairs of metacentric, eight pairs of submetacentric, five pairs of subtelocentric and six
pairs of acrocentric chromosomes in the karyotype. It was shown that C. mossulensis possessed two pairs of nucleolar organizer regions-bearing chromosomes. One nucleolar organizer
region was located terminally on the longer arm of a larger sized submetacentric chromosome,
whereas the other nucleolar organizer region was located terminally on the short arm of a medium sized submetacentric chromosome. There was no significant difference in chromosomal
nucleolar organizer region phenotypes and in number of nucleolar organizer regions among localities. Our results were compared with previous results of other researchers.
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Introduction
Chromosomes carry ribosome genes coded
for rRNA. The region(s) where these genes are
copied in large numbers are called nucleolar
organizer regions (NORs). NOR, which can be
stained specifically, refracts light and due to
this property, it can be seen very clearly.
Structure, number and morphology of NOR
may be specific to populations, species and
subspecies. Thanks to this quality, NOR is
used frequently to compare variations, as well
as to identify and explain specifications.
Changes in chromosome number and structure
can alter the number and structure of NOR.
Robertsonian translocations may cause losses
of NOR. Species which have limited gene exchange due to geographical isolation have elevated karyotype and NOR variety. Therefore,
different karyotypes are found even in small,
but isolated populations of these species. Use
of NORs in explaining kinships depends to a
large extent on the uniformity of this characteristic and on the degree of variety within a
taxon (Gülkaç, 1989; Küçükdumlu, 1995).
In Cyprinidae species, NOR can be found in
different areas of different chromosomes (at
the end of the short arms of submetacentric
(SM) chromosome, on the short arms of subtelocentric (ST) chromosome, on the whole
short arm of ST chromosome, on the long arms
of subtelo-acrocentric (ST-A) chromosome,
etc) (Gold et al., 1993; Pandas et al., 1993;
Castro et al., 1996).
Chalcalburnus mossulensis lives only in the
Eastern and Southeastern Anatolian Regions of
Turkey, and particularly in the Tigris and the
Euphrates River Systems. The present study
aimed to analyze NOR in C. mossulensis, of
the Cyprinidae family, living in Karakaya Dam
Lake (Malatya, Turkey) in order to demonstrate similarities and differences within the
species and between populations.

Materials and Methods
Nineteen fish specimens were caught of
Karakaya Dam Lake (38º 27' 23.06" N, 38º 32'
17.47" E, 38º 28' 47.24" N, 38º 25' 55.24" E
and 38º 29' 27.46" N, 38º 20' 23.82" E). The
fish were carried to the laboratory in air conditioned barrels and kept in the aquarium for one
week to relieve them of stress. For the
karyological analysis of fish “air drying”
method of Collares-Pereira (1992) and for
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NOR staining “a-1 step” method of Howell
and Black (1980) were used. To this end,
metaphase preparations were added to 70 microliter colloidal developer solution and 140
microliter aqueous silver nitrate solution. After
the cover glass was mounted on the slide, it
was put into the drying oven heated to 70oC.
When their color turned to gold brown, preparations were taken out of the oven and washed
with water. One to two ml of sodium thiosulfate solution was added on them. After several
minutes of waiting, they were washed with
water again. The preparations were stained for
five minutes in giemsa solution, passed
through xylene and acetone baths and closed
with entellan. Preparations were screened for
NOR analysis to guarantee the reliability of
NOR numbers. Appropriate metaphases were
photographed and chromosomes bearing NOR
were marked and defined. The chromosomes
were classified as suggested by Levan et al.
(1964). Statistical analysis were evaluated by a
one way analysis of variance, and the differences were considered significant if the P
value was less than 0.05 by Tukey’s multiple
comparison test. The specimens analyzed are
deposited in the Cytogenetics Laboratory of
the Department of Biology, Faculty of Science
and Arts, University of Ahi Evran, 40200 Kırşehir, Turkey, M. Gaffaroglu (M.G. 19).

Results and Discussion
In the study, number of diploid chromosomes was found 2n=50, of which six pairs
were metacentric (M), eight pairs SM, five
pairs ST, and six pairs A, and number of arms
(NF) was found 88. NORs were identified in
two pairs of SM chromosomes, one of which
was large and the other medium-sized. NORs
were located terminally on the longer arms of
one pair of SM chromosomes, and terminally
on the short arms of a pair of SM chromosomes (Figure 1). The data obtained were
compared and contrasted with previous NOR
studies.
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anomalum (Amemiya and Gold, 1988) and
Notropis roseipinnis (Amemiya and Gold,
1990b) NOR was found on three pairs of
chromosomes, and in Aristichthys nobilis and
Hypophthalmichthys molitrix (Almeida-Toledo
et al., 1995) on four pairs of chromosomes.

NORs can be perfect markers to display
wide chromosomal polymorphism within and
between species in many groups of fish. This
variety may affect NOR number, its localization on the chromosome, size and active
numbers in each genome (Ozouf-Costaz,
1992). Previous NOR studies showed variations between species, within species, and even
between individuals (Galetti et al., 1984; Gold
et al., 1993; Castro et al., 1996). NORs on different homologous chromosomes may be of
different sizes. Some fish may even show a
difference of up to almost two times in size
between NORs found on the same homologous
chromosome. It has been reported that this
extent of variety between NORs may be attributed to number of sistrons and differences in
transcriptional activity (Galetti et al., 1984).

Although NOR is generally seen at the end
of short arms of ST (Sola et al., 1993; Rab et
al., 1995) and SM (Rab et al., 1996) chromosomes, sometimes it may also be seen at the
end of long arms of SM and ST chromosomes,
on the arms of M (Galetti et al., 1984) and acrocentric (A) (Amemiya and Gold, 1990b
chromosomes, as well as between telomeres
and centromeres, and even adjacent to centromere (Jankun et al., 1998). NOR can also be
found on sex chromosomes (Bertollo and
Cavallaro, 1992), though very rarely. NOR
was reported to be found terminally on the
short arms of a pair of SM and a pair of ST
chromosomes in N. ardens species (Gold and
Amemiya, 1986), terminally on the short arms
of a pair of medium-sized SM chromosome of
Cobitis taenia (Boron, 1995), terminally on the
short arm of a medium-sized SM chromosome
and terminally on the short arm of a large STA chromosome in Pimephales signipinnis and
P. welaka (Amemiya and Gold, 1990a), terminally on the short arms of two SM chromosomes of Silurus glanis (Rab et al., 1991), on
an M-SM chromosome of Leporinus lacustrite,
terminally on two SM chromosomes of L.
elongates (Galetti et al., 1984), and terminally
on the arms of a pair of M chromosomes and
terminally on the long arms of a pair M chromosomes of Huso huso (Fontana et al., 1998).
In our study, NOR was found on SM chromosomes.

NOR was found on a pair of chromosomes
of Pteronotropis hubbsi (Amemiya and Gold,
1990a), Dionda episcopa, Ericymba buccata
(Amemiya and Gold, 1990b), Leuciscus
borysthenicus (Rab et al., 1996), Raiamas
steindachneri (Rab et al., 2000), Labeo rohita,
L. calbasu, L. bata (Gold et al., 1979) and on
two pairs of chromosomes of Hybopsis aestivalis, Nocomis leptocephalus (Amemiya et
al., 1988), Pimephales signipinnis, P. welaka,
(Amemiya and Gold, 1990a), Leporinus obtusidens, Leporellus vittatus, Schizodon nasutus
(Galetti et al., 1984), Champsocephalus gunnari (Ozouf-Costaz et al., 1996), Silurus glanis
ve Barbus cyclolepis (Rab et al., 1996), as was
the case in our study. In Campostoma

NORs were reported to be small in some
samples of Oedalechilus labeo species, but
large in others (Rossi et al., 2000). NOR size
was found heteromorphic at about the rate of
50% in Champsocephalus gunnari (OzoufCostaz, 1996). Similarly, heteromorphism was
found in NOR size within species of Notropis
buchanani, N. maculatus, Pteronotropis
hubbsi, Pimephales signipinnis and P. welaka
(Amemiya and Gold, 1990b). Capros aper was
reported to show NOR size variations, which
were attributed to duplication by the researcher
(Rossi et al., 2000). In our examinations, there
were no differences within a species in terms
of NOR size and number. Furthermore, no
difference in NOR size was found between the

Figure 1. NOR metaphase of female C. mossulensis (arrows indicate NOR
bearing chromosomes)
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homologous and non-homologous chromosomes and their arms. In our study, one of the
NORs was located terminally on the long arms
of a pair of SM chromosomes, and the other
was located terminally on the short arms of an
SM chromosome pair. As indicated above,
NOR is found on the same arms of the chromosomes; and when there are two pairs of
chromosomes bearing NOR, these are located
at the end of either long or short arms. However, sometimes NOR can be observed on both
long and short arms, as was the case in our
study. In our NOR screening in silver-stained
preparations, although four (two pairs of)
chromosomes bearing NOR were found in
68% of metaphases, two or three chromosomes
bearing NOR were observed in 14%. Besides,
there was no NOR in 18% of the metaphases in
preparations. This may have been resulted
from various reasons, such as insufficient NOR
size, declined nucleolar activity in cells, errors
in staining technique or failure of NORs to be
stained. There is no variety within a species,
within a population, between sexes and between individuals in terms of NOR (NOR
number, localization and structure). There was
no significant difference in chromosomal
nucleolar organizer region phenotypes and in
number of nucleolar organizer regions among
localities.
In karyotype, NOR and other banding
studies some researchers may obtain different
results, and sometimes even can not obtain the
desired result, due to the fact that fish chromosomes are too small and too many, and due to
the reasons associated with the methods used.
Factors like geographical differences, chromosome staining and banding methods may produce different results.
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