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Introduction
The rodent species of the family Sciuridae (squirels) 
are widely distributed in Europe, Africa, Asia and 
America (Kryštufek & Vohralík 2005). There 
are three species of the genus Spermophilus Cuvier, 
1825 in Turkey. They are distributed in Central 
and Eastern Anatolia and in steppes of Thrace. The 
diploid chromosome number (2n) of Spermophilus 
citellus (Linnaeus, 1766), which is widespread in 
Central and Western Europe, Balkan Peninsula, 

including European part of Turkey (Thrace), is 
40 (Doğramaci et al. 1994, Özkurt et al. 2002, 
2007, Yiğit et al. 2005, Arslan & Zima 2014). 
Spermophilus xanthoprymnus (Bennett, 1835) in-
habits the steppes and alpine meadows throughout 
central lowland and eastern highland Anatolia and 
adjacent Armenia and northwestern Iran and is cha-
racterised by long periods of hibernation in under-
ground nests (Kart Gür & Gür 2010); its diploid 
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chromosome number (2n) is 42 (Doğramaci et al. 
1994, Özkurt et al. 2002, Yiğit et al. 2005, Arslan 
2005, Gaffaroğlu & Yüksel 2006, Arslan & 
Zima 2014). The diploid chromosome number (2n) 
of Spermophilus taurensis Gündüz et al. 2007, a 
species endemic for the Taurus Mountains, is 40 
(Özkurt et al. 2002, Yiğit et al. 2005, Gündüz et 
al. 2007). Banded karyological features of S. xan-
thoprymnus and S. taurensis sampled in Konya 
Province have also been characterised (Arslan 
2005, Matur 2009, Arslan & Arslan 2010). 

The Y-chromosome morphology of 
Spermophilus spp. is variable; in some of them, the 
Y chromosome is defined as the smallest bi-armed 
or acrocentric while, in others, it is medium-sized 
bi-armed or acrocentric (Arslan & Zima 2014). 
Chassovnikarova et al. (2015) have presented 
an evolutionary model for the karyotype of the 
European ground squirrel (S. citellus) based on sex 
chromosome variants. Chromosomal rearrange-
ments (deletions, duplications, inversions and trans-
locations) in different mammalian species have been 
emphasised in various cytogenetic studies. 

The aim of the present study is to investigate 
the karyological features of S. xanthoprymnus from 
the regions of the cities of Gümüşhane and Bitlis in 
order to examine the variations of the karyotype of 
this species from various parts of its geographical 
range.

Materials and Methods
Six Anatolian ground squirrels from localities in 
the vicinity of the cities of Gümüşhane (2 ♂♂, 1♀) 
and Bitlis (2 ♂♂, 1♀) were examined (Fig. 1). The 
Gümüşhane specimens were captured by the staff 
of the Terrestrial and Inland Water Ecosystems 
Biodiversity Inventory and Monitoring Service of 
the province and brought to the laboratory for karyo-
logical examination. Karyotype preparations were 
obtained from bone marrow after colchicine treat-
ment (Ford & Hamerton 1956). Air-dried slides 
were stained routine by Giemsa. Constitutive het-
erochromatin was detected by using the C-banding 
techniques (Sumner 1972). From each specimen, 10 
to 20 slides were prepared and at least 20 well-spread 
metaphase plates were analysed. The classification 
system of chromosomes according to the centromere 
position was adopted (Hsu & Benirschke 1967-
1977) and the biarmed (metacentric – M, submeta-
centric – SM, subtelocentric – ST) and uniarmed 
(acrocentric – A) chromosomes were identified. The 
fundamental number of autosomal arms (NFa) and 
the number of all chromosomal arms in the female 
complement (NF) were calculated. Standard vouch-
er specimens (skins and skulls) and slides were de-
posited at Selçuk University, Biology Department, 
Faculty of Science, Konya, Turkey.

Fig. 1. Collecting sites of Spermophilus xanthoprymnus from the regions of cities of Gümüşhane and Bitlis. 
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Fig. 2. Standard karyotype of Spermophilus xanthoprymnus from Gümüşhane (A) and Bitlis (B). The heteromorphic 
chromosome pair is in frame.

Fig. 3. C-banded karyotype of Spermophilus xanthoprymnus from Gümüşhane (A) and Bitlis (B). The heteromorphic 
chromosome pair is in frame.
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Results 
The diploid chromosomes number of S. xantho-
prymnus specimens collected in the Provinces of 
Gümüşhane and Bitlis was 42. Karyotypes of the 
specimens examined from both sampling sites con-
sisted of two pairs metacentric (no. 1-2), nine pairs 
submetacentric (nos. 3-11) and nine pairs subtelo-
centric (nos. 12-20) chromosomes. The fundamen-
tal number of autosomal arms (NFa) was 80. The 
X chromosome of Bitlis specimens was medium-
sized and submetacentric, and the Y chromosome 
was dot-like and bi-armed. The X chromosome of 
Gümüşhane specimens was medium-sized and sub-
metacentric as in Bitlis specimens, and the Y chro-
mosome was medium-sized subtelocentric unlike 
Bitlis specimens. At both localities, the fundamen-
tal number of all chromosomal arms in the female 
complement (NF) was 84 (Fig. 2A and B). 

At both sampling areas, all autosomes had dif-
ferent centromeric or pericentromeric C-positive 
bands. In addition, the submetacentric chromo-
some pair 4 in both studied areas had intersti-
tial C-heterochromatin band. This interstitial 
C-heterochromatin block was on the long arm of the 
submetacentric autosomal pair 4 in the Gümüşhane 
population. However, this homologous chromo-
some pair was heteromorphic in the Bitlis popu-
lation (Fig. 3A and B). This heteromorphism may 
be considered to be caused by intrachromosomal 
translocation occurring in one of the homologous 
chromosome pair (Fig. 4). The X chromosome had 
a centromeric or pericentromeric C-positive band 
in both populations. However, while the Y chromo-
some of the individuals in the Gümüşhane popula-
tion had a centromeric band, the Y chromosome of 
the Bitlis population is entirely euchromatic. There 
are no differences in the constitutive heterochroma-
tin appearance of the male and female individuals 
studied from both provinces.

Discussion
The number of autosomal chromosomal arms (NF) 
of Spermophilus xanthoprymnus varies across the 
examined localities in Turkey (Bayburt, Çorum, 
Erzurum, Malatya, Sivas, Polatlı, Mining, Erzurum 
and Konya). However, in almost all of the stud-
ies, the Y chromosome was defined as the smallest 
and acrocentric in the set (Doğramaci et al. 1994, 
Özkurt et al. 2002, Arslan 2005). The Y chromo-
some of the same species in Armenia is bi-armed 
and the smallest in the set (Orlov et al. 1969, 
Voroncov & Lyunapunova 1969). The Y chromo-

some of S. citellus in Europe is also variable, report-
ed as small (or dot-like) bi-armed or medium-sized 
acrocentric (Zima 1987, Doğramaci et al. 1994), 
being entirely heterochromatic (Chassovnikarova 
et al. 2015).

The karyotype and C-banding pattern of the 
Gümüşhane specimens are similar to the chromo-
somes of the species reported from Konya (Arslan 
2005). However, the Gümüşhane specimens are dif-
fer from Konya specimens since they have medi-
um-sized acrocentric Y chromosome and interstitial 
band in one of the autosomes. Similarly, the Bitlis 
individuals are different from those from Konya 
by the interstitial C-banding in the submetacentric 
autosomal pair 4. Spermophilus taurensis has no 
interstitial C-band in the set in Konya population 
(Arslan & Arslan 2010). The Y chromosome 
variations in S. xanthoprymnus from Anatolia may 
result of various chromosomal rearrangements.

Differences in the karyotypes may exist be-
tween mammal individuals, mammal species or 
major geographic forms within species. This can 
be associated with differences in ploidy, addition/
deletion of specific chromosomes or major amounts 
of chromosomal material within chromosomes, 
or chromosomal rearrangements associated with 
Robertsonian fusions, tandem fusions and inver-
sions (Pavlova & Searle 2018). Intrachromosomal 
translocations involve the movement of a chro-
mosomal segment from one location in the chro-
mosome to another location, and this is normally 
non-reciprocal. This translocation can be confirmed 
by G-banding. Banding techniques or molecular 
approaches are hitherto rather rare in this species. 
Chromosomal variations in different populations of 
S. xanthoprymnus in Turkey should be determined 
using advanced cytogenetic techniques and the re-
sults should be verified by molecular studies.

Fig. 4. The standard submetacentric autosomal pair 4 in 
Gümüşhane specimens (A) and intrachromosomal trans-
location in the submetacentric autosomal pair 4 in Bitlis 
specimens (B, C).
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