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Abstract

In this study cytogenetic analysis were carried out on Garra variabilis (Heckel, 1843) individuals from Savur stream
(Mardin). The karyotype of G. variabilis was analyzed using G-banding, C-banding, Ag-NOR staining and Q-banding
techniques. Diploid chromosomes number of specimens was determined as 2n=102. However, two karyotype formulae were
identified in the G. variabilis specimens: female 42m+18sm+24st+18a (FN = 186) and males 41m+18sm+24t+19a (FN =
185). Nucleolar organizer regions (NORs) were identified by silver nitrate staining. NOR regions were observed on many
chromosome pairs. The largest chromosome pair was defined as submetacentric. The detail karyotype of G. variabilis is
reported for the first time.

Keywords: Garra variabilis, karyotype, G-, C- , Q- banding, Ag-NOR staining, Turkey.

Savur Irmagi'nda (Mardin) yasayan Garra variabilis (Helkel, 1843) (Pisces, Cyprinidae)'in Sitogenetik
Analizi, Tiirkiye

Ozet

Bu ¢alismada Savur Irmagi'nda (Mardin) yasayan Garra variabilis (Helkel, 1843) bireylerinin sitogenetik analizi
yapilmigtir. G. variabilis’in karyolojik analizi G-bantlama, C-bantlama, Ag-NOR boyama ve Q-bantlama teknikleri
kullanilarak belirlenmistir. Orneklerin diploit kromozom sayis1 2n=102 olarak tanimlanmstir. Bununla birlikte G. variabilis
bireylerinde iki farkli karyotip goriilmiistiir: disi 42m+18sm+24st+18a (FN=186), erkekler 41m+18sm+24st+19a (FN=185).
Cekirdekgik yapici bolgeler (NORs) giimils boyama teknigi ile belirlenmistir. Birgok kromozom iizerinde NOR bdlgeleri
goriilmiistiir. En bilyiik kromozom submetasentrik olarak tanimlanmistir. G. variabilis'in ayrintili karyotipi bu ¢aligma ile ilk
kez belirlenmistir.

Anahtar Kelimeler: Garra variabilis, karyotip, G-, C-, Q- bantlama, Ag-NOR boyama, Tiirkiye.

discourages many researchers from pursuing fish
karyotypic analysis and therefore, karyological data
on fish are available for only a small percentage
(about 10%) of some 25,000 taxonomically known

Introduction

Cyprinid fishes comprise a major element of the
ichthyofauna of Africa, Asia, Europe, and North

America. The family Cyprinidae has about 220 genera
and about 2,420 species, and is the largest family of
freshwater fishes (Nelson, 2006). More than 95
cyprinid species have been reported from Turkey
(Kuru, 2004). Despite the diversity of Turkey's fishes,
little is known about the genetic structure of Turkey
freshwater fishes. Recently, cytogenetic markers have
been used for genetic structure analyses in different
fish species (Karahan and Ergene, 2009; Ergene et al.,
2010), but the studies are still insufficient.

Generally, a large number and small
chromosomes characterizes fish karyoptypes. This

species (Nelson, 2006).

Genus Garra has 103 species (Arkhipchuk,
1999). However, 11 species of Garra were
cytogenetically studied up to now (Table 1). Detailed
chromosome analyses of the genus Garra are rare.
The diploid chromosome number of G. rufa which is
relative with G. variabilis, was notified as 2n=46-50
by Karahan and Ergene (2009), 2n=44 (NF=85,
22m+20sm+2a) by FErgene Goziikara and Cavas
(2004); 2n=44 (NF=87, 16m+26sm+1st+1a) by Kili¢-
Demirok (2000); 2n=44-52 by Arkhipchuk (1999)
and 2n = 44-52 by Vasil'ev (1980).
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The study on fish chromosome has received
considerable attention in recent years because of their
importance in classification, evolution and heredity
(Gold et al., 1990; Ozouf-Costaz and Foresti, 1992;
Barat, 2002). Moreover cytogenetic studies of fish
have been wused as biological indicator for
determination of water pollution (Klinkhardt, 1993).

An important characteristic of nucleolar
organizer regions (NORs) in fish is related to that it
has inter- and intra-species polymorphism. NOR
characterization can be a cytogenetic marker of for
cytotaxonomic studies and can even aid in
constructing phylogenetic hypotheses
(cytosystematics) for several fish groups (Amemyia
and Gold, 1988; Galetti Jr, 1998; Almeida-Toledo,
2000). Some fish groups have a simple NOR system
characterized by ribosomal cistrons on only one
chromosome pair, whereas others have a multiple
NOR system composed of cistrons dispersed over
several chromosomes (Galetti Jr, 1998).

This paper reports the result of a cytogenetic
study on Savur stream population of G. variabilis.
Chromosomes were analyzed by G, C, Q banding
and Ag’ staining techniques. Detailed karyotype of G.
variabilis was determined for the first time with this
study.

Materials and Methods

Basic cytogenetic analysis methods were
performed on 34 specimens of G. variabilis (1 female
and 33 males), which were collected from Savur
Stream in Mardin (Figure 1). The preparation of the
mitotic chromosome suspension was performed using
cells from the fin epithelium according to Ergene et
al. (1999). Chromosome morphology was determined
based on the arm relationship proposed by Levan et
al. (1964). The fundamental number (FN) was
calculated considering metacentric (m),
submetacentric (sm) and subtelocentric  (st)
chromosomes with two arms and acrocentric (a)
chromosomes with only one arm. Nucleolar organizer

regions (NORs) were identified following the silver
(AgNO;) staining method of Howell and Black
(1980). C-bands were obtained according to Sumner
(1972). Q-banding with quinacrine was performed
according to  Schimid (1980).  Metaphase
chromosomes were banded using the conventional
Trypsin-Giemsa banding technique (Seabright, 1971).
Giemsa-stained, G-banded, Ag-NOR-stained, Q-
banded, and C-banded mitotic chromosomes were
photographed using a digital camera and the images
were digitally processed using Adobe Photoshop v.7.0
software. The arm ratio was determined using the
Micro-Measure program. A haploid ideogram was
prepared based on the measurements of C-banded,
Ag-NOR stained, and G banded chromosomes.

Results

The diploid chromosome number of G.
variabilis is 2n=102 (within 229 metaphase with
75.98%), comprising 42  metacentric, 18
submetacentric, 24 subtelocentric, 18 acrocentric, FN
= 186 at female; 41 metacentric, 18 submetacentric,
24 subtelocentric, 19 acrocentric, FN = 185 at males.
Among the 34 specimens analyzed, one specimen was
female and 33 were males.

According to G-banding, four band regions were
determined on st chromosome arms 32., tree band
regions m chromosome arms 16., 18., two band
regions m chromosome arms 1., 2., 5., 6., 17., sm
chromosome arms 21., 23., st chromosome arms 30.,
31., 33., 34. and one band region m chromosome arms
3,7.,8.,9., 10, 11., 12., 19., 20., sm chromosome
arms 22.,24., 27., st chromosome arms 36., 37., 38.,
39., a chromosome arms 42., 44., 46. In addition, two
large band regions were seen on the metacentric
chromosome arms 51 (Figure 2a, Figure 3).

Karyotype was determined according to the arm
measurements which were the consequence of C-band
(Figure 4). C-banding heterochromatin was observed
at the terminal region of many chromosomes, as well
as on the interstitial region of some pairs (No. 2, 4, 6,

50km

Figure 1. Collection site of G. variabilis samples. (The sampling site ),
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Figure 2. Metaphase images of G. variabilis a) G-banded (male); b) C-banded (male); c) Ag-NOR staining (female); d) Q-

banded (male).
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Figure 3. G-banded karyotype image of G. variabilis (male) (sex chromosomes are in the square).
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Figure 4. C-banded karyotype image of G. variabilis (male) (sex chromosomes are in the square).
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Table 1.Chromosome characteristics in the genus Garra (2n=diploid number; KF=karyotypic formula; FN=fundamental

number)
Species Locality 2n FN KF Sex References
G. cambodgiensis Unspecified 52 Vasil'ev, 1980
G. dembeensis Unspecified 50 82 Golubtsov and Krysanov,
1993
G. gotyla gotyla  India Ooty, TN. 50 90 14m+26sm+10t,a Barat, 1985
G. gotyla gotyla India Jammu, J&K 50 74 14sm+10sm+10st+16t, No heteromorphic Bukhsh, 1984
a sex chromosomes
in male.
G. gotyla gotyla  India, Itanagar, A.P 50 70 12m+8sm+8st+22T Kumari Sahooet al., 2007
G. gotyla gotyla  India, India 50 90 14m+26sm+10t,a Barat, 1985
G. kempi India, Itanagar, A.P 50 78 14m+14sm+10st+12t Kumari Sahoo et al., 2007
G. lissorhynchus India, Itanagar, AP 50 82 16m+16sm+6st+12t Kumari Sahoo et al., 2007
G. mullya India 50 32 18m+14sm+10st+8t Nagpure et al., 2006
Chalakkudy river,
Kerala
G. imberba Unspecified 50 Arkhipchuk, 1999
G. lamta India Bihar 50 86 6m+18sm+12st+14 t,a Arkhipchuk, 1999
G. lamta India Simlipal Hills 50 86 12m+24sm+2st+12t,a  Female,ZW Barat, 1985
Orissa Male WW
G. lamta Unspecified 50 74 6m+18sm+12st+14t,a Khuda-Bukhsh, 1980
G. makiensis Unspecified 50 84 34m,sm+16 t,a Barat, 1985
G. Ethiopia 50 88 38m,sm+12 t,a Golubtsov and Krysanov,
quadrimaculata 1993
G. rufa Unspecified 44-50 Post, 1965
G. rufa Unspecified 44-52 Vasil'ev, 1980
G. rufa Turkey Mersin 44 85 22m+20sm+2a Ergene Goziikara and
Cavas, 2004
G. rufa Turkey Dicle River 44 87 16m+26 sm+1st+1a Kilig and Demirok, 2000
G. rufa Turkey, Mersin 50 94 26m+10sm+8st+6a Female Karahan and Ergene, 2009
G. rufa Turkey Hatay 46 88 22m+12sm+8st+4a Female XX Karahan and Ergene, 2009
87 22m+12sm+7st+5a Male XY
G. rufa Turkey 46 90 32m+6sm+6st+2a Female XX Karahan and Ergene,
Kahramanmaras 89 3lm+6sm+6st+3a Male XY 2009
G. rufa Turkey Sivas 50 96 28m+14sm+4st+4a Female Karahan and Ergene, 2009
G. variabilis Turkey Savur Stream 102 186 42m+18sm+24st+18a  Female Present study

185 41m+18sm+24t+19a Male

32) from the regular complement. On the other hand,
the single acrocentric chromosome, which was
determined at male, was completely heterochromatic
(Figure 2b, 4).

The nucleolar organizing regions were detected
in the telomeric portion of the short arm 3., 6., 7., 8.,
9., 10., 28., 29. chromosome pairs (Figure 2c). Clear
Q-band regions were seen on long arm sm
chromosomes 22., 23., 27. and short arm sm
chromosomes 24., 25., 26. (Figure 2d, Figure 5).
Positive Q-band, G-band and NOR regions schema
was given at Figure 6. Chromosomes arm of G.
variabilis were obtained by Micro Measure program
which was given in Figure 7. The largest chromosome
was determined as non homologue m chromosome at
males (Figure 7).

Discussion

In fish, most of the chromosome banding studies
are related to C-bands or silver- and chromomycinA;
bands to identify nucleolar organizing regions, while
descriptions of the distinct structural Q-, G- and

replication banding patterns are limited (Ueda and
Naoi, 1999). Weak compartmentalization of the
genomes due to the base composition (AT- or GC-
rich DNA) of cold-blooded vertebrates has been
reported (Medrano et al., 1988). Weak
compartmentalization in the fish chromosomes is
thought to be a main cause of limited reports about
the distinct structural Q- and G-banding patterns. In
this study, specific Q-band patterns were identified
(Figure 2d, 5). These band regions can be determining
as marker for this species or population. Likewise, G-
band pattern was described and these band regions
can be used to distinguish populations from each
other.

The majority of chromosomes numbers of
Cyprinid species is between 2n=50 and 2n=100
(Oelerman and Skelton, 1990). The diploid
chromosomes number of G. variabilis was found as
102. This result is consistent with Cyprinid
chromosomes. Diploid chromosomes number which
cytogenetically studied 11 species of Garra, was
consistent 50 (Table 1), excluding the species G. rufa
and G. combodgiensis. These data indicate that G.
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Figure 5. Q-banded karyotype image of G. variabilis (male) (sex chromosomes are in the square).
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Figure 6. Ideogram of G. variabilis according to G-, C, Q banding and Ag-NOR staining (® Giemsa band regions; Q-band
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variabilis can be polyploidy. staining to be useful for the investigation of the
G-banding can be used to identify chromosomal karyotype evolution of bitterlings. Heterochromatin
anomalies such as translocations, due to unique has played an important role in the karyotypic

pattern of light and dark bands for each chromosome diversification of fish (Ueda et al., 2001). In this
(Ueda and Naoi, 1999). C-banding and Ag-NOR study, quite large heterochromatin region was seen on
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metacentric chromosomes arms 2, 7 and 51
consequence of G-banding (Figure 2a, 3, 6). These
chromosomes (2 and 7) can be defined as a marker for
G. variabilis.

John and Miklos (1979) suggested that the
quantitative and positional changes in constitutive
heterochromatin are one of the important factors for
speciation. Meyne et al. (1990) have reported that the
interstitial sites of the (TTAGGG)n telomeric
sequence enable greater flexibility for the karyotype
change. However, C-banding was important to enable
identification of the centric fusion. At this study, clear
C-bands regions were seen at centromeric position on
many chromosomes and interstitial position at the
long arm of chromosome pairs 2, 4, 6, 32 (Figure 2b,
4, 6). These heterochromatic regions could have been
formed by tandem duplication or pericentric inversion
of heterochromatic DNA.

Sex chromosomes of G. rufa populations which
are living in two different regions (Hatay and
Kahramanmaras) were identified by Karahan and
Ergene (2009). According to this study, G. rufa has
XX/XY heteromorphic sex chromosomes system. In
the present study, two chromosomes, which are two
metacentric in female; one metacentric and one small
acrocentric in male, are thought to be sex
chromosomes. All acrocentric and most of the
metacentric chromosomes consisted heterochromatin.

According to Khuda-Bukhsh (1984); Khuda-
Bukhsh and Barat (1987); Ergene-Goziikara and
Cavas (2004); Nagpure et al. (2006); Kumari Sahoo et
al. (2007), the species of G. rufa has the largest
submetacentric chromosome pair in the karyotype.
Therefore, they have pointed out that submetacentric
chromosome pair can be defined as a marker for
genus Garra. However, the largest chromosome pairs
were identified as metacentric of this study. Four G.
rufa populations from four distinct localities in
Turkey were compared with each other by Karahan
and Ergene (2009). According to this study, the
largest chromosome pair of the complements was
characteristically submetacentric for Mersin and
Kahramanmaras G. rufa populations, metacentric for
Sivas and Hatay populations. As a result of this, it can
be concluded that G. variabilis is compatible with
Sivas and Hatay G. rufa populations.

NOR regions are used as important
chromosomal markers in fishes, the number and
position of NORs change according to genus, species
and population. The NOR is a certain indicator for
rewiring chromosomal polymorphism in and between
species in many fish groups and it is noted that this
variety can affect the position on the chromosome,
size and active number of NOR’s in the whole
genome (Ozouf—Costaz and Foresti, 1992). Although
the NOR is especially seen at the short arm of
chromosome, sometimes it can be seen on the long
arm of m and a chromosomes (Rab et al., 1996).
Furthermore, these can be seen between telomere and
centromere (Jankun et al., 1998). Amemiya and Gold

(1988) have hypothesized that single NOR located
terminally on acrocentric chromosome represents the
plesiomorphic state for Cyprinidae. Two or multiple
pairs of chromosome bearing rDNA sites seem to
represent a derived condition among Cyprinidae as
well as among Leuciscinae (Boron, 2001). In the
present study, eight NOR regions were observed at
the terminal region of the short arm in the metacentric
chromosome pairs 3, 6, 7, 8, 9, 10 and submetacentric
28, 29 (Figure 2c, 6).

The chromosome number and morphology from
chromosomal analyses are used in the identification of
species easily and in defining the relationship and
differences between varied species. The chromosome
number and morphology can change among fish
species. This variation can be used in the search of
evolutional relationship between inter- and intra-
populations (Thorgard and Disney, 1990). The
formation of the heterochromatin could be useful for
determination of chromosome reconstruction. The
composition of heterochromatin has to be better
investigated to further clarify the karyotype evolution
in fish groups. This paper appears to be first report of
banding pattern within the G. variabilis. This
information can provide useful data for the fish
cytogenetic database. The detection of the cytogenetic
pattern of G. variabilis from Savur stream might
constitute important information to better understand
the population biology of this fish.
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