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Abstract: In the present study, the 2n = 54 chromosomal race of blind mole rats, Nannospalax xanthodon superspecies, 

from Kırıkkale Province in Turkey was investigated. Conventional chromosome staining, Ag-NOR (Nucleolus Organizer 

Region) staining, and C-banding analysis were carried out on specimens of mole rats. Th e karyotype including 3 

metacentric pairs (nos. 1-3), 3 submetacentric pairs (nos. 4-6), 3 subtelocentric pairs (nos. 7-9), and 17 acrocentric pairs 

(nos. 10-26) of autosomes (NFa = 70). C-heterochromatin regions were found in the centromeric and pericentromeric 

region and the short arms of some bi-armed autosomal pairs, and C-heterochromatin was localized in pericentromeric 

areas of a few acrocentric autosomes. Th e X chromosome has a centromeric C-positive band and the Y chromosome 

appeared to be uniformly and C-negatively stained. In all of the specimens studied the NORs were localized in distal 

heterochromatin areas of the short arms of 4 pairs (nos. 4, 5, 8, 9) of biarmed autosomes. 
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Kırıkkale’deki kör fare Nannospalax xanthodon (2n = 54)’un C- ve

NOR boyalı karyotipleri

Özet: Bu çalışmada, Kırıkkale’deki Nannospalax xanthodon üsttürüne ait kör farelerin 2n = 54 kromozomal formu 

araştırıldı. Kör fare örnekleri üzerine standart kromozom boyama, Ag-NOR (Nükleolar Organizatör Bölge) boyama 

ve C-bantlama analizi uygulandı. Karyotip üç çift  metasentrik (no. 1-3), üç çift  submetasentrik (no. 4-6), üç çift  

subtelosentrik (no. 7-9) ve onyedi çift  akrosentrik (no. 10-26) kromozom içerir (NFa = 70).  C-heterokromatin bölgeler 

bazı iki kollu otozomal çift lerin sentromerik, perisentromerik ve kısa kollarında bulundu ve C-heterokromatin birkaç 

akrosentrik kromozomun perisentromerik bölgesinde lokalize olmuştu. X kromozom sentromerik bir C-pozitif banda 

sahiptir ve Y kromozomunun tek tip ve C-negatif boyandığı ortaya çıktı. NOR’lar çalışılan bütün örneklerde dört çift  

(no. 4, 5, 8, 9) iki kollu otozomların kısa kollarının heterokromatin bölgelerinde lokalize olmuştur. 

Anahtar sözcükler: Nannospalax xanthodon, kör fare, karyotip, Kırıkkale, Türkiye
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Introduction 

Blind mole rats are a small group of subterranean 

rodents occupying the Eastern Mediterranean, Africa, 

Eastern Europe, and various parts of Asia. Th e family 

Spalacidae are strictly fossorial rodents with various 

specifi c features that emphasize their adaptation to 

underground life (1,2). Th ey live in isolated groups 

and the fragmented distribution pattern is thought to 

support the speciation events as well as the process 

of karyotype diff erentiation. Th e systematic and 

phylogenetic relationships of mole rats within the 

family Spalacidae are not defi nitively resolved yet. 

Savić and Nevo (3) and Musser and Carleton (4) 

treated the family as monogeneric, including only 

a single genus Spalax; however, other authors have 

preferred to distinguish 2 genera, currently named 

Spalax and Nannospalax (2,5-7). Th e genus Spalax 

includes larger species lacking perforations on sides 

of the posterior opening to the skull, and possessing 

karyotypes with higher diploid chromosome numbers 

(2n = 60 or 62) and no acrocentric autosomes. 

According to Musser and Carleton (4), most 

authors recognize 3 species within Nannospalax, 

i.e. N. ehrenbergi, N.  leucodon, and N. nehringi. N. 

nehringi is found in most of Turkish Anatolia and 

Transcaucasia. Various authors have lumped N. 

nehringi and N.  leucodon into a single taxon, N. 

leucodon superspecies (8,9). Kryštufek and Vohralík 

(10) proposed that the name nehringi is preoccupied 

by xanthodon. 

Th e exceptional karyotypic variation within the 

Nannospalax populations is manifested in records of 

more than 50 chromosomal races (3,8). Th ese races 

are considered as presumptively good biological 

species (8,11), and some of them are formally 

described as separate species (12). Maintaining 

karyological studies on local populations of blind 

mole rats are therefore quite important for mapping 

distribution of chromosome races and better 

understanding of mechanisms of their karyotype 

evolution. Th e conventionally stained karyotype of 

mole rat (2n = 54) was described by Nevo et al. (8) 

from Bolu and Bingöl; by Sözen et al. (9,13,14) from 

Karabük and Yozgat; by Yüksel and Gülkaç (15) from 

Yozgat; by Coşkun (16) and Coşkun et al. (17) from 

Bingöl, Elazığ, and Tunceli; and by Kankılıç et al. (18) 

and Aşan and Yağcı (19) from Kırıkkale. However, 

information on diff erentially stained chromosomes 

and detailed structure of the karyotype is still lacking 

in this race. Th e present study provides a detailed 

description of conventionally stained chromosomes 

and the distribution pattern of the Ag-NORs and 

C-heterochromatin regions in the karyotypes of mole 

rats from Kırıkkale.

Materials and methods

Cytogenetic analyses were performed in 3 

specimens of mole rat from Kırıkkale (Figure 1). 

Karyotype preparations were obtained in the fi eld 

from bone marrow aft er colchicine treatment (20). 

Air-dried preparations were stained conventionally 

with Giemsa. Constitutive heterochromatin and 

nucleolus organizer regions (NORs) were detected 

by the techniques of C-banding (21) and Ag-NOR 

staining (22), respectively. From each specimen, 

10 to 20 slides were prepared, and at least 20 well-

spread metaphase plates were analyzed. Defi nition 

of the shapes of the chromosomes was established 

according to Levan et al. (23). Standard voucher 

specimens (skins and skulls) are deposited at Selçuk 

University, Biology Department, Faculty of Science, 

Konya, Turkey.

Figure 1. Collecting locality of Nannospalax xanthodon (2n = 

54) in Kırıkkale (▲). 
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Results and discussion

Th e karyotype of mole rat from Kırıkkale consists 
of 54 chromosomes including 3 metacentric pairs 
(no. 1-3), 3 submetacentric pairs (nos. 4-6) and 3 
subtelocentric pairs (nos. 7-9) and 17 acrocentric 
pairs (nos. 10-26) of autosomes (NFa = 70). Th e X 
chromosome was medium-sized submetacentric, 
and the Y chromosome small acrocentric (NF = 74) 
(Figure 2). Chromosome shapes of 2n = 54 race were 
determined and are given in Table 1.

A similar pattern of the C-heterochromatin 
distribution was also found in the complements of 
all specimens. Distinct dark centromeric C-band 
was observed in a autosome (no. 3). Some autosomes 

(nos. 4, 5, 7-9) had C-heterochromatic short arms in 

the complements of all the specimens. Th e number 

of C-positive pericentromeric regions observed in 

some acrocentric autosomes and the intensity of dark 

staining were variable between individual pairs. Th e 

X chromosome had a centromeric C-positive band 

and the Y chromosome appeared to be uniformly 

and C-negatively stained (Figure 3). 

Th e active Ag-NOR regions were found in 

4 biarmed autosomal pairs (nos. 4, 5, 8, 9) in 

complements of all the specimens. Th e NORs were 

observed in the telomeric region of the short arms 

of submetacentric and subtelocentric autosomes 

(Figure 4).

Table 1. Chromosome classifi cation (μm) in 2n = 54 race of Nannospalax xanthodon from Turkey according to Levan et al. (23). 

m: metacentric, sm: submetacentric, st: subtelocentric, a: acrocentric. 

Chromosome

pair no.

Chromosome arms
Total

length

Arm 

ratio 

(q/p)

Relative 

length (%)

Centromer

index

Centromeric

position
Short arm (p) Long arm (q)

1 1.05 1.52 2.57 1.45 4.32 0.41 m

2 1.62 2.30 3.92 1.42 6.59 0.41 m

3 1.45 2.12 3.57 1.46 6.00 0.41 m

4 0.90 2.14 3.04 2.38 5.11 0.30 sm

5 0.89 1.69 2.58 1.90 4.34 0.34 sm

6 0.74 1.26 2.00 1.44 3.36 0.37 sm

7 0.83 3.42 4.25 4.12 7.14 0.20 st

8 0.81 3.40 4.21 4.20 7.08 0.19 st

9 0.58 1.71 2.29 2.37 3.85 0.25 st

10 - 2.26 2.26 - 3.80 - a

11 - 2.04 2.04 - 3.43 - a

12 - 2.02 2.02 - 3.40 - a

13 - 2.00 2.00 - 3.36 - a

14 - 1.94 1.94 - 3.25 - a

15 - 1.73 1.73 - 2.91 - a

16 - 1.61 1.61 - 2.71 - a

17 - 1.55 1.55 - 2.61 - a

18 - 1.51 1.51 - 2.54 - a

19 - 1.46 1.46 - 2.45 - a

20 - 1.44 1.44 - 2.41 - a

21 - 1.42 1.42 - 2.39 - a

22 - 1.37 1.37 - 2.30 - a

23 - 1.34 1.34 - 2.25 - a

24 - 1.23 1.23 - 2.07 - a

25 - 1.05 1.05 - 1.77 - a

26 - 0.86 0.86 - 1.45 - a

X 1.21 1.99 3.20 1.64 5.38 0.37 sm

Y 1.03 1.03 - 1.73 - a
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Th e 2n = 54 race was fi rst identifi ed by Nevo 

et al (8)  from Bolu and Bingöl. Aft erwards, many 

researchers (9,13-19) studied conventionally stained 

karyotype at diff erent localities in Turkey (Table 2). 

Results of these studies were also found diff erent only 

for NF values. 

Th e fi rst study on banding in genus Nannospalax 

in Turkey was done on some chromosomal races 

of N. xanthodon and N. ehrenbergi superspecies by 

Ivanitskaya et al. (24). Th ese researchers determined 

that some bi-armed autosomes had heterochromatin 

blocs located on the telomeric regions of short 

arms of N. ehrenbergi in Tarsus, Gaziantep, and 

Şanlıurfa populations. Arslan et al. (25) also found 

C-heterochromatin regions in the short arms of 4 

biarmed autosomal pairs in the 2n = 40 race from 

Beyşehir (Konya). However, the same researchers 

observed dark C-bands in pericentromeric areas 

of the biarmed autosomes of the 2n = 58 race from 

Ereğli. 

Figure 3. Metaphase spread and C-banded karyotype of 2n = 54 from Kırıkkale (scale 

bar = 10 μm).

1              2            3

4              5            6

7              8            9

10            11           12           13          14          15        16          17        18

19            20           21           22          23          24        25          26        X Y

1             2            3

4              5           6

7             8            9

10           11           12            13          14         15         16          17         18

19            20           21           22          23          24        25          26        X Y

Figure 2. Metaphase spread and karyotype of 2n = 54 from Kırıkkale (scale bar = 10 

μm).
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Th e NORs on Nannospalax were fi rst studied 
by Ivanitskaya et al. (24) in Turkey. Th e researchers 
defi ned the NOR features of the N. xanthodon 
specimens obtained from Malatya and N. ehrenbergi 
specimens obtained from   Gaziantep, İçel (Tarsus), 
Şanlıurfa (Siverek, Birecik), Elazığ, and Diyarbakır. 
According to these researchers, in all populations 
of both species 3 chromosome pairs had NORs, and 
NORs were localized in the short arms of 3 pairs 
subtelocentric chromosomes in N. xanthodon. Th e 
researchers defi ned NOR in the telomeric region of 

a long arm of an acrocentric chromosome diff erent 
from the others in the Gaziantep population.   
Ivanitskaya and Nevo (26) recorded NORs in 1 or 
2 autosomal pairs in the karyotype of Jordan mole 
rat populations. Gülkaç and Küçükdumlu (27) 
determined that NORs were localized in 3 pairs of 
subtelocentric chromosomes in N. xanthodon and 
N. ehrenbergi  specimens obtained from Malatya and 
in 2 pairs of chromosomes in the specimens from 
Elazığ. Ivanitskaya et al. (28) described the NORs in 5 
pairs of subtelocentric autosomes in both R (race with 

Table 2. Chromosomal records 2n = 54 race of Nannospalax xanthodon from Turkey (2n: diploid chromosome number, NF: fundamental 

number of chromosomal arms, NFa: number of autosomal arms, sm: submetacentric, st: subtelocentric, a: acrocentric).

Race (2n) NF NFa X Y Localities References

54 - - - - Bolu, Bingöl Nevo et al. (8,11)

54 72 68 sm a Karabük, Zonguldak, Tokat Sözen (13), Sözen et al. (16)

54 74 70 sm st/a Yozgat Yüksel and Gülkaç (15)

54 74 70 sm a Bigöl, Elazığ, Tunceli Coşkun (16), Coşkun et al. (17)

54 74 70 sm a Kırıkkale Kankılıç (18), Aşan and Yağcı (19), Th is study

Figure 4. Silver-stained metaphase spread and karyotype of 2n = 54 from Kırıkkale 

(scale bar = 10 μm).

1            2            3

4           5           6
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