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Abstract. In this study, heterochromatin distributions in the chromosomes of 11 small mammals of two different species (Chionomys 
nivalis and Apodemus agrarius) from four different localities of Turkey were investigated by using standard karyotype and C-banding 
method. Chionomys nivalis karyotype included 2n=54 chromosomes, NFa=52, X=submetacentric, Y=acrocentric. Apodemus agrarius 
karyotype included 2n=48 chromosomes, NF=56, X=acrocentric, Y=acrocentric. In this study, C-banding heterochromatin 
distribution in C. nivalis and A. agrarius karyotypes was reported for the first time in Turkey populations. In C. nivalis karyotype, 
autosomes and the X chromosome had slight centromeric positive C-bands and the Y chromosome was entirely C-positive. In A. 
agrarius karyotype, all chromosomes had C-band positive characteristics. 
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Introduction 
 
The Chionomys genus is represented in the Palearctic region 
with three species (Chionomys gud, C. nivalis, C. roberti) (Hut-
terer 2005). Karyological studies conducted on these three 
species which are distributed in Turkey (C. nivalis, Kefe-
lioğlu 1995, Arslan et al. 2017, C. gud, Sözen et al. 2009, C. 
roberti, Arslan & Zima 2014) were conducted to determine 
standard karyotype (except Arslan & Zima 2014). C. nivalis 
(European Snow Vole) standard karyotype was reported by 
Kefelioğlu (1995) in different localities of Turkey.  

Apodemus agrarius (Striped Field Mouse), which is one of 
the six Apodemus species distributed in Turkey, is distributed 
in a narrow area along Istranca mountains (Krystufek & 
Vohralik 2009). Studies conducted previously on this species 
in Turkey (Zima & Macholan 1995, Yiğit et al. 2000, Kefe-
lioğlu et al. 2003) are limited to standard karyotype determi-
nation.  

Although standard karyotypes of Chionomys nivalis and 
Apodemus agrarius have been determined by many research-
ers, detailed karyotype morphology of these species is usu-
ally not known in detail in Turkey, yet. The objective of this 
study is to compare the standard karyotypes of these species 
with previous studies and to determine the pattern of consti-
tutive heterochromatin distribution (C-banding), for the first 
time in the Turkish population and to contribute to future 
karyological studies. 
 
 
Materials and Methods 
 
Chromosome preparations were obtained from the femoral bone 
marrow cells of colchicine treated animals (Ford & Hamerton 1956). 
Four samples of Chionomys nivalis species were obtained from the 
province of Kars and one sample was obtained from the province of  
Ardahan (N40°47’40’’ E43° 00’29’’ and N41°29’55’’ E42°41’11’’, 
Northeastern Anatolia), four samples of Apodemus agrarius species 
were obtained from the province of Kırklareli (N41°49’19’’ 
E27°45’44’’, Istranca mountains, Thrace region) and two samples 
were obtained from the province of İstanbul (N41°33’13’’ E28°10’45’’) 
by using live animal traps. Diploid chromosome number (2n) and 
fundamental number of autosomal arms (NFa) and sex chromo-
somes of small mammals used in the study were defined as metacen-
tric, acrocentric, submetacentric and subtelocentric. The constitutive 

heterochromatin distribution was determined by using techniques 
from Summer (1972). From each specimen 10 to 20 slides were pre-
pared and at least 10 well-spread metaphase plates were analyzed. 
Karyotype preparate and chromosome-fixative solution, which did 
not undergo diffusion procedure, are being kept at Ondokuz Mayıs 
University Cytogenetic Laboratory under -20 degrees for future 
studies.  
 
 
Results 
 
In Ardahan and Kars samples of Chionomys nivalis species, 
karyotype is in the form of 2n=54 and NFa=52. The karyo-
type has 26 different sizes of acrocentric chromosome 
(chromosome no:1-26). The X chromosome is large submeta-
centric and the Y chromosome is small acrocentric (Fig. 1). In 
the C- banded karyotype of C.nivalis, there is the hetero-
chromatin region in the distal of the greater arm of chromo-
some no:3 (Fig. 2). Positive constitutive heterochromatin is in 
the centromere. In addition, the Y chromosome is entirely 
heterochromatin (Fig. 2). 

In Kırklareli and İstanbul samples of Apodemus agrarius 
species, karyotype is in the form of respectively 2n=48+Bs 
and 2n=48 and NFa= 54 (excluding B chromosome). The 
karyotype has 19 pairs of (chromosome no:1-19) different 
sizes of acrocentric, three pairs of small metacentric (chro-
mosome no:20-22), one pair of submetacentric chromosome 
(chromosome no:23) and single B chromosome (supernu-
merary chromosome). While the X chromosome is the larg-
est acrocentric chromosome in the chromosome set, the Y 
chromosome is small acrocentric (Fig. 3). 

In the chromosome set, all autosomal chromosomes are 
C-positive. While the X chromosome has enlarged C-positive 
band, the Y chromosome consists of intense heterochromatin 
block. B chromosome is completely heterochromatin (Fig. 4). 
 
 
Discussion 
 
Diploid chromosome (2n=54) of Chionomys nivalis and mor-
phology of autosomal and sex chromosomes (NFa=52) are 
similar to with the results reported by Kefelioğlu (1995) in 
Turkey and to the results reported from different regions by  
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Figure 1. Karyotype of Chionomys nivalis from Northeast Anatolia, Caucasia region, (Kars). 
 
 

 
 

Figure 2. C-banded karyotype of Chionomys nivalis (male) from Kars (a) and Ardahan (b). Short arrow:  
heterochromatin Y chromosome, long arrow: distal heterochromatin block. 

 
 

 
 

Figure 3. Karyotype of Apodemus agrarius from Kırklareli. Arrow: B chromosome. 
 
 

different researchers in Palearctic region (Peshev & Belcheva 
1979, Zima & Kral 1984, Sablina et al. 1988, Malikov et al. 
1990, Zima et al. 1997a, O’Brien et al. 2006). Except this, a 
pair of small submetacentric chromosome has been reported 

within autosomal chromosomes in the Caucasia population 
of this species (NFa=54; Zima & Kral 1984), while hetero-
morphic chromosome pair has been reported in the auto-
somal chromosomes of Niğde (Turkey) population (sub- 
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Figure 4. C-banded karyotype of Apodemus agrarius (male) from Kırklareli (a), İstanbul (b). Ar-
row: B chromosome (completely heterochromatin). 

 
 
metacentric/acrocentric, NFa=53; Arslan et al. 2017). In stud-
ies conducted by Peshev & Belcheva (1979) (in Bulgaria 
population) and O’Brein et al. (2006) (unknown locality), 
while the distributions of C-band distribution of autosomal 
chromosomes of C. nivalis species and the distribution ob-
tained from this study are similar, the X chromosome C-
positive and the Y chromosome also have a complete hetero-
chromatin, similarly. However, unlike previous studies, het-
erochromatin block was found on the distal of the long arm 
of third pair chromosome. 

In karyological studies conducted on A. agrarius species 
in Palearctic region (Soldatovic et al. 1969, Kang & Koh 1976, 
Koh 1982, Bulatova et al. 1991, Kartavtseva & Pavlenko 2000, 
Kartavtseva 2002, Chassovnikarova et al. 2009), while dip-
loid chromosome number (2n=48) was similar, variations 
were found in double-armed chromosome in autosomal 
chromosomes within the karyotype (NFa=52-56). Similarly, 
in previous studies conducted in Turkey (Yiğit et al. 2000, 
Kefelioğlu et al. 2003), the karyotype becomes NFa= 54-56 
s i n c e  a  p a i r  o f  c h r o m o s o m e  s h o w s  a c r o c e n -
tric/subtelocentric variation inside the chromosome set. In 
this study and Kefelioğlu et al. (2003), while NFa=54 in the 
karyotype of A. agrarius samples obtained from Kırklareli 
and İstanbul localities, NFa= 56 in the samples obtained 
from Kırklareli by Yiğit et al. (2000). In chromosome set, 
autosomal chromosomes have pericentromeric C-positive 
band characteristic. However, in karyological studies con-
ducted by Kartavtseva & Pavlenko (2000) and Chassovni- 

karova et al. (2009), heteromorphic C-band (C-band posi-
tive/negative) was found in small metacentric chromosomes 
of A. agrarius karyotype. In this study, all of the metacentric 
chromosomes in the karyotype have C-band positive. Het-
erochromatin structure in the X and the Y chromosomes are 
similar to the samples of Bulgaria (Chassovnikarova et al. 
2009), Ukraine and Russia (Kartavtseva & Pavlenko 2000). 
Heterochromatin block is enlarged on the long arm of chro-
mosomes to enable the easy identification of the X and the Y 
chromosome in chromosome set. In addition, according to 
Kartavtseva & Pavlenko (2000), X chromosome of Chinese 
and Azerbaijani A. agrarius populations include interstitial 
C-band (Bulatova et al. 1991, Wang et al. 1993), which was 
not seen in this study.  In many Apodemus species, the pres-
ence of B (Supernumary chromosome) chromosome which is 
originated from autosomes or sex chromosomes and which 
has C-positive structure has been defined (Zima & Macholan 
1995, Zima et al. 1997b, Matsubara et al. 2004). Numerically, 
B chromosome can differ between populations, among indi-
viduals and even due to mitotic irregularity among cells of 
the individual (Makunin et al. 2014). In studies conducted in 
Turkey, while B chromosome had never been found in 
A.agrarius karyotype, B chromosome has been reported in 
the karyotype of Korea, Far East, Russia, Bulgaria popula-
tions (2n=48+1Bs) (Kartavtseva 1994, Matsubara et al. 2004, 
Chassovnikarova et al. 2009). With this study, B chromo-
some with a complete heterochromatin block was found in 
Turkish populations of A. agrarius species for the first time.  
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