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C- and NOR-banding karyotype analysis of Nannospalax xanthodon (2n =52,
2n = 60) and new locality for 2n = 52 cytotype from western Anatolia

Tuba Yagci

Faculty of Science and Arts, Department of Molecular Biology and Genetics, Bilecik Seyh Edebali University, Bilecik, Turkey

ABSTRACT

This study investigated C-heterochromatin and NOR (nucleolar organizer region) characteristics
of 2n = 52 and 2n = 60 chromosomal forms of Nannospalax xanthodon (blind mole rat),
which are separated by the Sakarya River in Bilecik Province. In addition, a new locality was
included to the geographical border of 2n = 52 NF = 70 cytotypes. According to the results
of C-banding, centromeric heterochromatin was detected in three pairs of chromosomes and
telomeric heterochromatin was detected in three pairs of chromosomes in the 2n = 52 form. Sex
chromosomes are negative heterochromatins. In the 2n = 60 form, a telomeric heterochromatin
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region was found in seven pairs of chromosomes. The sex chromosomes have centromeric
heterochromatin. According to the NOR distributions of chromosomes, in 2n = 52 cytotypes,
NOR was detected in the telomeric regions of four bi-armed chromosomes, while in 2n = 60
types active NOR was detected in telomeric regions of three bi-armed chromosomes.

1. Introduction

The worldwide distribution of the blind mole rats,
members of the Spalacidae family, is in North-East
Africa, the Balkans, South-East Europe, Central Asia,
the Middle East, Russia and the Caucasus. It is known
that this family emerged during the Oligocene epoch of
the Paleogene Period in Anatolia or in its neighbours
and spread to North Africa, the Middle East, Russia
and the Balkans (Savic and Nevo 1990; Nevo 1991;
Coskun 2003). The population that passed to the Balkan
Peninsula before the Lower Pleistocene remained sep-
arated from the Anatolian population due to the for-
mation of the Istanbul and Canakkale (Dardanelles)
Straits, and therefore speciated independently (Ellerman
and Morrison-Scott 1951; Harrison and Bates 1991;
Mitchell-Jones et al. 1999).

In Turkey, Spalax and more commonly Nannospalax
genus names were used for mole rats due to the prob-
lems in their taxonomies and systematics, complex kar-
yotypes and morphological similarities (Asan and Yagc1
2008; Coskun et al. 2010; Arslan and Boliikbag 2010;
Arslan et al. 2011a). To date, karyological studies have
recorded diploid chromosome numbers (2#) ranging
from 36 to 60 for blind mole rats in Turkey (Ivanitskaya
etal. 2008; Sozen et al. 2008). In a comprehensive review
conducted by Arslan et al. (2016) in three commonly
described species of Nannospalax (25 in N. leucodon, 28
in N. xanthodon and 20 in N. ehrenbergi), the presence

of 73 different chromosomal races corresponding to the
cytotype have been presented. 2n = 60 cytotypes were
recorded as Kastamonu and Vasvari and 2xn = 52 cyto-
types were recorded as Abant and Sebil in 28 different
chromosomal races defined for Nannospalax xanthodon
(N. xanthodon) which has the widest distribution area
in Anatolia.

To clarify the karyotypic evolution in Israeli Spalax
populations, Ivanitskaya et al. (2005) studied hetero-
chromatin differences in S. galili (2n = 52) and S. judai
(2n = 60) by using C-banding, base-specific fluoro-
chrome staining (CMA3/DA/DAPI), and comparative
genomic hybridization (CGH) methods. The ancestral
karyotype was found to be 2 = 60 and the importance of
Robertsonian metacentrics and heterochromatin dele-
tions caused by fusion events were pointed out in the
occurrence of the karyotype differences.

Matur et al. (2011) compared 15 blind mole rat
specimens belonging to north, south, east and west of
Anatolia with four different 21 = 50 forms using C- and
G-banding techniques. According to the C-banding
results, telomeric heterochromatin blocks are char-
acteristic for the western blind mole rats of Turkey.
Arslan and Zima (2015b) compared four populations
of N. xanthodon with 2n = 50 chromosomes to deter-
mine their karyotype characteristics using C-banding
and AgNOR staining. NOR regions were observed in
telomeric regions in the short arms of autosomes. The
C-banding and NOR staining models are useful in

CONTACT Tuba Yagci @) tuba.yagci@bilecik.edu.tr

© 2017 Dipartimento di Biologia Evoluzionistica, Universita di Firenze


mailto: tuba.yagci@bilecik.edu.tr
http://orcid.org/0000-0003-1705-5107
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/00087114.2017.1396805&domain=pdf

8 (&) T.YAGCI

explaining the evolutionary change of chromosomes and
chromosomal characteristics of mole rats, although they
are not entirely distinctive between cytotypes.

When karyological studies are evaluated, it is diffi-
cult to establish definite and clear rules on the degree of
variability or the smallest geographic/ecological bound-
aries of species with highly variable chromosome num-
bers and morphologies. However, significant progress
has been made in the determination of the phylogeny
of the blind mole rats through molecular-based stud-
ies in recent years. Hadid et al. (2012) identified four
clades (leucodon, xanthodon, ehrenbergi, vasvarii) for
Anatolian blind mole rats through phylogenetic anal-
ysis of five mtDNA sequences. According to Krystufek
et al. (2012), the lowest genetic diversity was seen in N.
leucodon and the highest genetic diversity was seen in N.
xanthodon in their study using cytochrome b sequences
in Nannospalax specimens. Kankilig et al. (2013)
reported that random amplification of polymorphic
DNA (RAPD) bands could be molecular markers among
chromosomal races, using the RAPD technique to tax-
onomically distinguish chromosomal races or species.
Other molecular level studies revealed significant dif-
ferences between some cytotypes in Anatolia, although
there is no difference at the species level (Arslan et al.
2010; Kandemir et al. 2012).

The aim of this study is to comparatively analyse
the heterochromatin and nucleolus organizer regions
(NOR) of 2n = 52 and 2n = 60 cytotypes of N. xan-
thodon species, spreading in the province of Bilecik

located in the western Anatolia region, and to contrib-
ute to the determination of geographically spreading
boundaries.

2. Materials and methods

Seven blind mole rat specimens, from six different locali-
ties in the eastern and western parts of the Sakarya River
separating Bilecik province into two regions, were stud-
ied karyologically (Figure 1). The specimens were caught
with live capture traps designed by Yagci and Asan
(2007). Chromosome samples were prepared from bone
marrow (Ford and Hamerton 1956). The C-banding was
achieved according to the technique of Gosden (1994)
and NOR staining according to the method of Howell
and Black (1980). At least 20 well-spread and banded
metaphase plates were photographed and arranged to
determine the diploid chromosome number (2n), the
autosomal fundamental number (NFa) and the fun-
damental number (NF). Chromosomes were classified
according to Levan et al. (1964). Heterochromatin and
NOR distributions were examined in the arranged chro-
mosome plates (Figures 2, 3).

3. Results
3.1. Heterochromatin distribution and C-banding

In the C-band of the 2n = 52 form, it appears that three
pairs of chromosomes (fourth, fifth and seventh pairs)
have a centromeric heterochromatin region. Telomeric
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Figure 1. Distribution of 2n = 52 and 2n = 60 chromosomal forms in and around the Bilecik province. (1) Kastamonu: 2n = 60 NF=74,
78,79 (Arslan et al. 2016); (2) Ankara: 2n = 60 NF=80 (Kankili et al. 2007b); (3) Eskisehir (Inonii): 2n = 60 NF=78; (4) Bilecik (Boziiyiik):
2n = 60 NF=78; (5) Bilecik (Inhisar) 2n = 60 NF=78 (Matur and Sézen 2005); (6) Bilecik (S6giit): 2n = 60 NF=78 (this study, n:1); (7)
Bilecik (Pazaryeri): 2n = 60 NF=78 (this study, n:1); (8) Kiitahya: 2n = 60 NF=76 (Sézen et. al. 2006); (9) Bursa (1negd|): 2n=60W NF=78
(Ivanitskaya et al. 2008); (10) Yalova (Bursa road): 2n = 52 NF=70 (St6zen et al. 2013); (11) Yalova: 2n = 52 NF=72 (Matur et al. 2013);
(12) Bilecik (Glltimbe): 2n = 52 NF=70 (this study, n:2); (13) Bilecik (Osmaneli): 2n = 52 NF=70 (this study n:1); (14) Bilecik (Golpazari,
Bolatl): 2n = 52, NF=70 (this study, n:1); (15) Bilecik (Yenipazar, Kavacik): 2n = 52 NF=70 (this study, n:1); (16) Bolu (Abant): 2n = 52
NF=70-72 (Arslan et al. 2016) (A: 2n =52, A:2n =60, : &new locality, n: number species).
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Figure 2. C band model in 2n =529 (a, b) and 2n =609 (c, d) metaphase plates of N. xanthodon.
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Figure 3. NOR zones in metaphase plates of 2n =529 (a) and 2n =609 (b) of N. xanthodon.

heterochromatin was detected in the ninth, 10th and
11th pair of chromosomes. The second and 21st pair
of chromosomes have heteromorphic characteristics.
Sex chromosomes are negative heterochromatins. In
the C-band of the 2n = 60 form, it appears that seven
pairs of chromosomes (first, fourth, fifth, sixth, eighth,
10th and 17th pairs) have a telomeric heterochroma-
tin region. On the second, third, seventh and ninth
pairs of chromosomes, a telomeric heterochromatin
region was found with heteromorphic character. Sex
chromosomes have centromeric heterochromatin
characteristics.

3.2. NORregion distribution and NOR staining

In the 2n = 52 NF = 70 cytotype of N. xanthodon, four
pairs of active NORs were detected in the telomeric
regions of the short arms of bi-armed chromosomes. In
the 2n = 60 NF = 78 cytotype, three pairs of active NORs
were detected in the telomeric regions of the short arms
of bi-armed chromosomes.

4. Discussion

In Bilecik province, N. xanthodon has two cytotypes
including 2n = 52 NF = 70 and 2n = 60 NF = 78. The



10 (& T.YAGCI

2n =52 karyotype, in the north of Anatolia (Karamiirsel,
Abant, Mudurnu, Nallihan, Seben, Yeni¢caga, Mengen),
was recorded as NF = 70 by Sozen (2004). In the prov-
ince of Bilecik, Matur and Sozen (2005) recorded
2n = 52, NF = 70 cytotypes in the eastern part of the
Sakarya river and found 2n = 60, NF = 78 cytotypes in
the western part of the river. The researchers recorded
2n =52 chromosomal forms in specimens obtained from
3 km south, 15 km west of Golpazari and Yenipazar. They
recorded 2n = 60 chromosomal forms in Kepirler village
located in 10 km south-west of Bilecik province, 14 km
north of Boziiylik and in Inhisar. Matur et al. (2013)
found that the NF value of 21 = 52 cytotypes was 72 in
Yalova, in the study conducted in the west of Turkey.
The researchers emphasized that the Yalova province is
the westernmost point of this cytotype, expanding the
spread of 2n = 52 chromosomal races. They also stated
that the Sakarya River functions like a barrier between
Yalova (2n = 52 NF = 72) and Bilecik and Bolu (2n = 52
NF =70). S6zen et al. (2013) gave the records of 2n = 52,
NF = 70 cytotype from Yalova (Bursa road) and Bolu
(Golkoy, Dortdivan, Yelkenler Mengen and Gerede)
locations. Arslan and Zima (2015) gave 2n =52 NF =70
records from Gerede/Bolu by performing C and NOR
band karyotyping analysis.

In this study, it was determined that the 2n = 52
cytotype also exists in Giiliimbe (Bilecik) located in
the west of the Sakarya river. Previous studies also
recorded 2n = 60 as very common cytotype in this area.
Combining previous records of Yalova and Bolu (2 = 52
NF=70,72) with our study, 2n = 52 NF=70 may be the
last point of this cytotype extending towards the western
part of Sakarya river in Bilecik province. In addition,
the 2n = 52 NF = 70 form is a continuation of the pop-
ulations recorded in Yalova (on Bursa road) and Bolu
provinces. Sakarya River is found here to be effective
in separating Bilecik province into two chromosomal
forms as a geographical barrier. Recently, Arslan and
Zima (2015) examined N. xanthodon (Bolu, Iel) and N.
ehrenbergi (Gaziantep) specimens of 21 = 52 chromo-
somal forms with various banding methods. According
to their C-band results, in the N. xanthodon specimens
centromeric heterochromatin regions were found in five
pairs of bi-armed and four pairs of acrocentric chromo-
somes. Peri-centromeric bands were found in the sex
chromosomes. In this study, there are no heterochro-
matin regions in the sex chromosomes of 21 = 52 spec-
imens and they differ in with regard to heterochromatin
distribution.

Ivanitskaya et al. (2008) compared the 2n = 60 W
and 2n = 60R cytotypes using G, C, AgNOR, and flu-
orochrome banding techniques. Although the karyo-
type of both cytotypes is similar to 2xn = 60 as given in
this study, the NOR region has different characteristics
in terms of localization of heterochromatin blocks in
chromosome pairs. Specimens from Inegdl (Bursa), the

closest locality to the province of Bilecik, were recorded
as 2n = 60 W cytotypes in which centromeric hetero-
chromatin is small or absent in the majority of acrocen-
tric autosomes. In our study, most of the acrocentric
chromosomes are also C-negative. Detection of centro-
meric and pericentromeric heterochromatin regions in
bi-armed chromosomes and detection of centromeric C
blocks in sex chromosomes show similarities with the
cytotypes examined in our study. Inegdl (Bursa) spec-
imens contain NOR in the short arms of five bi-armed
chromosomes; on the other hand, our specimens con-
tain NOR in both arms of telomeric regions of three
bi-armed chromosomes. Researchers have emphasized
that intrapopulation and interpopulation heterochroma-
tin variations, deletions, and the presence of B chromo-
somes seen in both cytotypes may be major factors in the
extraordinary chromosomal diversity of the blind mole
rats. Taking these results into consideration, two pos-
sibilities are considered for 2n = 52 cytotypes detected
in a small area in Bilecik province, where 2n = 60 is
intensively located. This cytotype was formed either by
Robertsonian metacentrics, heterochromatin variations
and deletions from 2n = 60 in the present region, or they
are the continuation of Yalova, Bolu and Bursa (Inegol)
populations which were determined as the westernmost
point of 2n = 52. Further examination of 2n = 52 and
2n =60 in the studied area and its vicinity by G-banding
may help clarify the second possibility.

Matur et al. (2011) through C-banding analysis found
that telomeric blocks are characteristic for western blind
mole rats in Turkey. In our study, the specimens also
have western heterochromatin characteristics. In addi-
tion, the theory that climatic properties are not related
to chromosomal alteration is supported in our study by
variations in a small field in Bilecik province.

Kankilig et al. (2010) recorded four different chromo-
some forms in 10 different regions of Western Anatolia
(2n = 36, 40, 56, 60). The 21 = 60 one from these forms
has two different karyotypes, NF = 78 and NF = 84. The
form recorded as NF = 78, has seven telocentric pairs,
one submetacentric pair and 21 acrocentric pairs. The
X chromosome from the sex chromosomes of both
cytotypes is submetacentric in medium size and the Y
chromosome is small acrocentric. The 2n = 60 cytotype
given in our study is the same as NF=78 cytotype. S6zen
et al. (2006a) has karyologically examined the 10 chro-
mosomal forms of Spalax leucodon (2n = 48 NF=71,
2n = 50 NF=70, 72, 2n = 54 NF=75, 2n = 56 NF=72,
78, 2n = 58 NF=72, 2n = 60 NF=74, 76, 77) which he
named as a supergenus in 30 localities, and the two
chromosomal forms of S. ehrenbergi (2n = 52 NF=74,
2n =56 NF=72). The Kiitahya population, which is given
as 2n = 60, is separated from the 2n = 60 NF = 78 kar-
yotypes in our study due to the fact that the Kiitahya
population is bordered by Bilecik and has karyological
values of NF = 76 and NFa = 72. It is not surprising that
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there are differences between the examples of Bilecik
and Kiitahya provinces. In fact, even within a small area
such as Bilecik province, there are karyological differ-
ences. Despite this extraordinary variation in chromo-
some number and structure, the spreading boundaries of
chromosomal forms in Turkey and the factors influenc-
ing these borders have not been determined precisely.
In order to understand the barrier effect of the river and
its immediate surroundings, geographical, climatic and
edaphic studies need to be conducted along with the
cytogenetic studies.
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