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The second most abundant order in the class Mammalia, 
bats are represented by 1116 species (Wilson and Reeder, 
2005). Bat diversity in Turkey has been presented in various 
studies (Benda and Horáček, 1998; Benda et al., 2006; Aşan and 
Albayrak, 2011; Çoraman et al., 2013). Two vespertilionids, 
the greater mouse-eared bat Myotis myotis and the bent-
winged bat Miniopterus schreibersii, are widely distributed in 
Turkey (Albayrak and Coşkun, 2000; Karataş and Sözen, 2004; 
Aşan and Albayrak, 2011; Bilgin et al., 2012). Myotis myotis is 
represented by 2 subspecies: the nominate form, distributed 
in all regions except the Mediterranean region, and M. m. 
macrocephalicus in the Mediterranean region (Aşan and 
Albayrak, 2011). Miniopterus schreibersii is represented by the 
nominate form distributed in Turkish Thrace, the Marmara 
region, and the western Black Sea region, and M. s. pallidus in 
the rest of Anatolia (Albayrak and Coşkun, 2000; Karataş and 
Sözen, 2004). However, recently Bilgin et al. (2012) proposed 
that M. s. schreibersii and M. s. pallidus should be evaluated as 
separate species rather than as subspecies as stated by Benda 
et al. (2010) and Furman et al. (2010). 

Although the genus Myotis is one of the most speciose 
mammalian genera, it is karyologically conservative with 
respect to diploid number 2n = 44 and has an autosomal 
fundamental number (NFa) of 50 in the Palearctic region 
(Zima and Kral, 1984; Karataş et al., 2004; Wu et al., 2009; 
Aşan and Albayrak, 2011; Aşan et al., 2011). Volleth and 
Heller (2012) stated that the NFa of the genus was 52 with 
respect to the tiny and euchromatic arm found in 1 of the 
chromosome pairs (no. 7).

The karyotype of Miniopterus schreibersii possesses a 
diploid number (2n) of 46, a fundamental number (NF) of 
54, and an NFA of 50 (Karataş and Sözen, 2004; Albayrak, 
2006; Karataş et al., 2008). A secondary constriction 
adjacent to the centromere is generally detected on one of 
the smallest acrocentric autosomes (Albayrak, 2006; Wu 
et al., 2009). 

This study reports the nucleolar organizing region 
(NOR)-bearing chromosomes of 2 bat species from Turkey, 
Myotis myotis and Miniopterus schreibersii, belonging to 
the family Vespertilionidae.

One male specimen of Myotis myotis from Ardanuç, 
Artvin Province (41°07′N, 42°03′E) (no. 2024 ♂) and 4 
male specimens of Miniopterus schreibersii from Kayalı 
village, Kırklareli Province (41°46′N, 27°05′E) (nos. 
ZL0036 ♂ and ZL0037 ♂) and Kalecik, Ankara Province 
(40°15′N, 33°28′E) (nos. ZL0009 ♂ and ZL0010 ♂) were 
karyotyped. Mitotic metaphases were obtained from 
the bone marrow as described by Lee and Elder (1980). 
NORs were detected using the technique of Howell and 
Black (1980). At least 20 well-spread and Ag-NOR banded 
metaphase plates were photographed. Chromosomes were 
classified according to Levan et al. (1964). The voucher 
specimens and slides were deposited in the Department of 
Biology, Faculty of Arts and Sciences, Kırıkkale University.

The karyotype of Myotis myotis revealed 2n = 44, NF 
= 54, and NFa = 50. The chromosome set consisted of 3 
large pairs (nos. 1–3) and 1 small pair of metacentrics 
(no. 4) and 17 pairs of acrocentrics ranging in size from 

Abstract: In this study, Ag-nucleolar organizing region (NOR) banding patterns of Myotis myotis and Miniopterus schreibersii were 
presented. The karyotype of Myotis myotis has a diploid number (2n) of 44, a fundamental number (NF) of 54, and an autosomal 
fundamental number (NFa) of 50. The 2n, NF, and NFa numbers of Miniopterus schreibersii were 46, 54, and 56, respectively. In Myotis 
myotis, a homomorphic NOR was localized in 1 of the medium-sized acrocentric pairs; however, NORs were located in 2 pairs on the 
secondary constriction of Miniopterus schreibersii. 
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medium to small (nos. 5–21). The largest acrocentric pair 
(no. 5) possessed a tiny but distinct heterochromatic arm. 
It is considered to be an acrocentric autosome in this 
study. The X was a medium-sized metacentric and the Y a 
minute acrocentric, as stated by Aşan and Albayrak (2011) 
and Aşan et al. (2011). No secondary constriction was 
encountered in the metaphases examined. The NOR was 
homomorphic and occurred in the telomeric region of one 
of the medium-sized acrocentric pairs (no. 12) (Figure 1).

The karyotype of Miniopterus schreibersii revealed 
2n = 46, NF = 54, and NFa = 50. The chromosome set 
consisted of 2 large pairs and 1 small pair of metacentrics 
and 19 pairs of acrocentrics ranging in size from medium 
to small. The X was a medium-sized metacentric and the 
Y a dot-like acrocentric. A secondary constriction was 
encountered in a small-sized acrocentric pair (no. 20). 
NORs were homomorphic and occurred particularly in 
the telomeric regions of 2 small-sized acrocentric pairs, on 
the secondary constrictions (nos. 18 and 20) (Figure 2).  

In mammalian chromosomes, NORs contain the 
genes for 18S and 28S rDNA, and determining the NOR 
sites is accepted as useful for taxonomic and phylogenetic 
species relationships, although NORs present high 
interchromosomal mobility (Sanchez et al., 1990; Volleth 
and Heller, 2012). However, Miller et al. (1976) and Croce 
et al. (1977) demonstrated that only functional NORs on 
chromosomes that were active in the preceding interphase 
could be detected by Ag-NOR banding. 

To date, all the Myotis species studied in the Palearctic 
region have been determined to possess a conservative 
karyotype of 2n = 44, NF = 54, and NFa = 50 by various 
authors (Bickham and Hafner, 1978; Zima, 1982; Zima 

and Kral, 1984 and references therein; Karataş et al., 2004; 
Aşan and Albayrak, 2011; Aşan et al., 2011). However, due 
to the tiny arms found in the acrocentric chromosomes, 
NFa ranged from 50 to 54 in the genus (Albayrak and 
Aşan, 2002; Karataş et al., 2008 and references therein; 
Volleth and Heller, 2012). The shape of the Y chromosome 
was determined as subtelocentric by Volleth and Heller 
(2012), although in the Turkish specimen the Y was a 
minute acrocentric. The presence of tiny arms on the 
dot-like chromosomes and differences in the number of 
NORs are the small chromosomal variations detected in 
the Myotis species (Zima and Kral, 1984; Volleth, 1987; 
Volleth and Heller, 2012). 

Volleth (1987) and Volleth and Heller (2012) 
described the differences in the number of NOR-bearing 
chromosomes in the genus Myotis in detail. According to 
those authors, in M. myotis all 14 chromosomes from 8 to 
23 might possess active NORs; therefore, this species has 
been recorded among the vertebrate species showing the 
highest number of NOR-bearing autosomes. Volleth and 
Heller (2012) determined 7.7 active NOR sites on average 
in M. myotis after studying 4 male and 5 female specimens 
from Germany, and they stated that examining a single 
specimen would not allow assessment of the active NORs 
in the chromosome set. Recently, Arslan (2013) determined 
active NORs in the pericentromeric region of a biarmed pair 
and telomeric regions of 4 acrocentric pairs from Konya 
specimens. In the present study, only one pair with active 
NORs (no. 12) was determined. The number of examined 
specimens from 2 provinces was inadequate to describe 
the NOR-bearing chromosomes of M. myotis distributed in 
Turkey, as stated by Volleth and Heller (2012). 

1                           2                       3                     4

5                             6                      7                       8                    9                     10

11                           12                     13                    14                 15                    16

17                           18                     19                  20                 21                              X  Y

Figure 1. Ag-NOR stained metaphase plate of Myotis myotis (asterisk indicates NOR-
bearing chromosome pair).
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The genus Miniopterus is also recorded as a 
karyologically conservative genus (Zima, 1978; Zima 
and Kral, 1984; Lin et al., 2002; Albayrak, 2006; Karataş 
et al., 2008; Wu et al., 2009). However, only Harada et 
al. (1985) and McBee et al. (1986) described a medium-
sized subtelocentric autosome pair from Thailand (NFa = 
52). In addition, Karataş and Sözen (2004) recorded the 
karyotype of the species as 2n = 46, NF=52, and NFa= 
48 from Turkey. The dissimilarities in these data were 
probably due to the different methods used by the authors 
for classification of the chromosomes. The G-banded and 
C-banded karyotypes of the species were determined by 

Bickham and Hafner (1978) and Obara and Tazaki (1980), 
respectively; however, the Ag-NOR banding karyotype has 
not yet been given. Zima and Kral (1984) stated that 1 or 
2 of the acrocentric autosome pairs possessed secondary 
constrictions near the centromere. In this study, NORs 
are located in 2 pairs in particular, on the secondary 
constriction. Therefore, the relationship between 
secondary constrictions and NORs as stated by Sato et al. 
(1980) is supported in Turkey. In addition, no difference 
was determined in the location of NORs of the specimens 
from Turkish Thrace and central Anatolia.

Figure 2. Ag-NOR stained metaphase plate of Miniopterus schreibersii (arrow indicates 
the secondary constriction, inset the NOR-bearing chromosome pairs).

1                             2                       3 

4                            5                          6                       7                      8                      9 

10                             11                       12                       13                14                    15 

16                            17                      18                         19                 20                  21

22 X  Y

References

Albayrak İ (2006). Karyotype of Miniopterus schreibersii (Kuhl, 1819) 
in Turkey (Chiroptera: Vespertilionidae). Mammalia 70: 177–
178.

Albayrak İ, Aşan N (2002). Taxonomic status and karyology of 
Myotis capaccinii (Bonaparte, 1817) from Turkey (Mammalia: 
Chiroptera). Mammalia 66: 63–70.

Albayrak İ, Çoşkun Ş (2000). Geographic variations and taxonomic 
status of Miniopterus schreibersii (Kuhl, 1819) in Turkey 
(Chiroptera: Vespertilionidae). Turk J Zool 24: 125–133.

Arslan A (2013). Nucleolar organizer regions of golden bat and 
greater Mouse-eared bat in Central Anatolia (Mammalia: 
Chiroptera). In: Albayrak İ, editor. Proceedings of the Bats of 
Turkey Symposium, 25–26 October 2013; Balıkesir, Turkey. 
Ankara: Mattek Publishing, pp. 41–46.

Aşan N, Albayrak İ (2011). Taxonomic status of Myotis myotis 
(Borkhausen, 1797) and Myotis blythii (Tomes, 1857) in Turkey 
(Mammalia: Chiroptera). Turk J Zool 35: 357–365.

http://dx.doi.org/10.1515/MAMM.2006.022
http://dx.doi.org/10.1515/MAMM.2006.022
http://dx.doi.org/10.1515/MAMM.2006.022
http://dx.doi.org/10.1515/mamm.2002.66.1.63
http://dx.doi.org/10.1515/mamm.2002.66.1.63
http://dx.doi.org/10.1515/mamm.2002.66.1.63
journals.tubitak.gov.tr/zoology/issues/zoo-00-24-2/zoo-24-2-2-9902-5.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-00-24-2/zoo-24-2-2-9902-5.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-00-24-2/zoo-24-2-2-9902-5.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-11-35-3/zoo-35-3-7-0803-4.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-11-35-3/zoo-35-3-7-0803-4.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-11-35-3/zoo-35-3-7-0803-4.pdf


AŞAN BAYDEMİR / Turk J Zool

352

Aşan N, Albayrak İ, Yorulmaz T, İnci S (2011). G-banding karyotypes 
of Myotis myotis (Borkhausen, 1797) and Myotis blythii 
(Tomes, 1857) (Mammalia: Chiroptera) in Turkey. Turk J Zool 
35: 599–602.

Benda P, Andreas M, Kock D, Lučan RK, Munclinger P, Nova P, 
Obuch J, Ochman K, Reiter A, Uhrin M et al. (2006). Bats 
(Mammalia: Chiroptera) of the Eastern Mediterranean. Part 4. 
Bat fauna of Syria: distribution, systematics, ecology. Acta Soc 
Zool Bohem 70: 1–329.    

Benda P, Horáček I (1998). Bats (Mammalia: Chiroptera) of the 
Eastern Mediterranean. Part 1. Review of distribution and 
taxonomy of bats in Turkey. Acta Soc Zool Bohem 62: 255–313. 

Bickham JW, Hafner JC (1978). A chromosomal banding study of 
three species of vespertilionid bats from Yugoslavia. Genetica 
48: 1–3. 

Bilgin R, Gürün K, Maracı Ö, Furman A, Hulva P, Çoraman E, Lučan 
RK, Bartonička T, Horáček I (2012). Syntopic occurrence 
in Turkey supports separate species status for Miniopterus 
schreibersii schreibersii and Miniopterus schreibersii pallidus 
(Mammalia: Chiroptera). Acta Chiropterol 14: 279–289.

Çoraman E, Furman A, Karataş A, Bilgin R (2013). Phylogeographic 
analysis of Anatolian bats highlights the importance of the 
region for preserving the Chiroptera mitochondrial genetic 
diversity in the western Palearctic. Conserv Genet 14: 1205–
1216.

Croce CM, Talavera A, Basilico C, Miller OJ (1977). Suppression of 
production of mouse 28S ribosomal RNA in mouse-human 
hybrids segregating mouse chromosomes. P Natl Acad Sci 
USA 74: 694–697. 

Furman A, Postawa T, Öztunç T, Çoraman E (2010). Cryptic 
diversity of bent-wing bat Miniopterus schreibersii (Chiroptera: 
Vespertilionidae), in Asia Minor. BMC Evol Biol 10: 121.

Harada M, Yenburtra S, Tsuchiya K, Takada S (1985). Karyotypes of 
seven species of bats from Thailand (Chiroptera, Mammalia). 
Experientia 41: 1610–1611.  

Howell WM, Black DA (1980). Controlled silver-staining for 
nucleolus organizer regions with a protective colloidal 
developer: a 1-step method. Experientia 36: 1014–1015.

Karataş A, Moradi Gharakhelo M, Kankılıç T (2008). Karyotypes 
of two Iranian bat species Myotis blythii and Miniopterus 
schreibersii (Chiroptera: Vespertilionidae, Miniopteridae). 
Turk J Zool 32: 305–308.

Karataş A, Sözen M (2004). Contribution to the karyology, 
distribution and taxonomic status of long-winged bat, 
Miniopterus schreibersii (Chiroptera: Vespertilionidae) in 
Turkey. Zool Middle East 33: 51–64. 

Karataş A, Yiğit N, Kankılıç T, Çolak E (2004). Contribution to the 
distribution and karyology of some vespertilionid bats. Zool 
Middle East 31: 5–12.

Lee MR, Elder FF (1980). Yeast stimulation of bone marrow mitosis 
for cytogenetic investigations. Cytogenet Cell Genet 26: 36–40.

Levan A, Fredga K, Sandberg AA (1964). Nomenclature for 
centromeric position on chromosomes. Hereditas 52: 201–220.

Lin LK, Motokawa M, Harada M (2002). Karyology of ten 
vespertilionid bats (Chiroptera: Vespertilionidae) from 
Taiwan. Zool Stud 41: 347–354. 

McBee K, Bickham JW, Yenbutra S, Nabhitabhata J, Schlitter DA 
(1986). Standard karyology of nine species of vespertilionid 
bats (Chiroptera: Vespertilionidae) from Thailand. Ann 
Carnegie Mus 55: 95–116.  

Miller DA, Dev VG, Tantravashi R, Miller OJ (1976). Suppression of 
human nucleolus organizer activity in mouse-human somatic 
hybrid cells. Exp Cell Res 101: 235–243.

Obara Y, Tazaki Y (1980). Chromosome studies in the Japanese 
vespertilionid bats: V. C- band and DNA replication patterns 
of the long fingered bat. Sci Rep Hirosaki Univ 24: 73–80.

Sanchez A, Burgos M, Jimenez R, Guardia D (1990). Variable 
conservation of nucleolus organizer regions during karyotypic 
evolution in Microtidae. Genome 3: 119–122. 

Sato S, Hizume M, Kawamura S (1980). Relationships between 
secondary constrictions and nucleolus organizing regions in 
Allium sativum chromosomes. Protoplasma 105: 77–85.

Volleth M (1987). Differences in the location of nucleolus organizer 
regions in European vespertilionid bats. Cytogenet Cell Genet 
44: 186–197.

Volleth M, Heller KG (2012). Variations on a theme: karyotype 
comparison in Eurasian Myotis species and implications for 
phylogeny. Vespertilio 16: 329–350.

Wilson DE, Reeder DM (2005). Mammal Species of the World: A 
Taxonomic and Geographic Reference. 3rd ed. Baltimore, MD, 
USA: The Johns Hopkins University Press. 

Wu Y, Motokawa M, Lichun Y, Harada M, Chen Z, Lin LK (2009). 
Karyology of eight species of bats (Mammalia: Chiroptera) 
from Hainan Island, China. Int J Biol Sci 5: 659–666. 

Zima J (1978). Chromosome characteristics of Vespertilionidae from 
Czechoslovakia. Acta Sc Nat Brno 12: 1–38.

Zima J (1982). Chromosomal homology in the complements of bats 
of the family Vespertilionidae. II. G-band karyotypes of some 
Myotis, Eptesicus and Pipistrellus species. Folia Zool 31: 31–36.

Zima J, Kral B (1984). Karyotypes of European mammals I. Acta Sc 
Nat Acad 18: 1–52.

journals.tubitak.gov.tr/zoology/issues/zoo-11-35-4/zoo-35-4-15-0807-22.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-11-35-4/zoo-35-4-15-0807-22.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-11-35-4/zoo-35-4-15-0807-22.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-11-35-4/zoo-35-4-15-0807-22.pdf
http://dx.doi.org/10.1007/BF00125280
http://dx.doi.org/10.1007/BF00125280
http://dx.doi.org/10.1007/BF00125280
http://dx.doi.org/10.3161/150811012X661611
http://dx.doi.org/10.3161/150811012X661611
http://dx.doi.org/10.3161/150811012X661611
http://dx.doi.org/10.3161/150811012X661611
http://dx.doi.org/10.3161/150811012X661611
http://dx.doi.org/10.1007/s10592-013-0509-4
http://dx.doi.org/10.1007/s10592-013-0509-4
http://dx.doi.org/10.1007/s10592-013-0509-4
http://dx.doi.org/10.1007/s10592-013-0509-4
http://dx.doi.org/10.1007/s10592-013-0509-4
http://dx.doi.org/10.1073/pnas.74.2.694
http://dx.doi.org/10.1073/pnas.74.2.694
http://dx.doi.org/10.1073/pnas.74.2.694
http://dx.doi.org/10.1073/pnas.74.2.694
http://dx.doi.org/10.1186/1471-2148-10-121
http://dx.doi.org/10.1186/1471-2148-10-121
http://dx.doi.org/10.1186/1471-2148-10-121
http://dx.doi.org/10.1007/BF01964833
http://dx.doi.org/10.1007/BF01964833
http://dx.doi.org/10.1007/BF01964833
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1007/BF01953855
journals.tubitak.gov.tr/zoology/issues/zoo-08-32-3/zoo-32-3-10-0703-9.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-08-32-3/zoo-32-3-10-0703-9.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-08-32-3/zoo-32-3-10-0703-9.pdf
journals.tubitak.gov.tr/zoology/issues/zoo-08-32-3/zoo-32-3-10-0703-9.pdf
http://dx.doi.org/10.1080/09397140.2004.10638063
http://dx.doi.org/10.1080/09397140.2004.10638063
http://dx.doi.org/10.1080/09397140.2004.10638063
http://dx.doi.org/10.1080/09397140.2004.10638063
http://dx.doi.org/10.1080/09397140.2004.10638017
http://dx.doi.org/10.1080/09397140.2004.10638017
http://dx.doi.org/10.1080/09397140.2004.10638017
http://dx.doi.org/10.1159/000131419
http://dx.doi.org/10.1159/000131419
http://dx.doi.org/10.1111/j.1601-5223.1964.tb01953.x
http://dx.doi.org/10.1111/j.1601-5223.1964.tb01953.x
http://dx.doi.org/10.1016/0014-4827(76)90373-6
http://dx.doi.org/10.1016/0014-4827(76)90373-6
http://dx.doi.org/10.1016/0014-4827(76)90373-6
http://dx.doi.org/10.1007/BF01279851
http://dx.doi.org/10.1007/BF01279851
http://dx.doi.org/10.1007/BF01279851
http://dx.doi.org/10.1159/000132371
http://dx.doi.org/10.1159/000132371
http://dx.doi.org/10.1159/000132371

	Nucleolus organizer regions of Myotis myotis (Borkhausen, 1797) andMiniopterus schreibersii (Kuhl, 1817) (Mammalia: Chiroptera) from Turkey
	Recommended Citation

	tmp.1643482803.pdf.yQFJu

