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GENETIC DIVERGENCE PATTERNS OF TWO SIBLING SPECIES (MYOTIS MYOTIS,
MYOTIS BLYTHII) AND MYOTIS CAPPACINII (MAMMALIA: CHIROPTERA) IN
CENTRAL ANATOLIA REGION

ABSTRACT
Myotis myotis (Borkhausen, 1797) and Myotis blythii (Tomes,
1857) are genetically close species o0f bats with very similar

morphology and karyology. In this study, specific descriptive markers
of 3 species (Myotis myotis, Myotis blythii, and M. cappacinii)
belonging to the genus Myotis were determined by using ISSR technique
for the first time. In total, 91 bands including 86 polymorphic bands
were obtained from the 7 best-optimized primers out of the analyzed 16
primers. UPMGA cluster analysis showed 4 separate clusters. According
to these results, the M. myotis and M. blythii were divided into two
close groups, whereas a single individual belonging to M. myotis
colony formed the third group. M. cappacinii was in a more distinct
and remote group with respect to sibling species. Genetic diversity
for all populations was calculated as 94.5%. ISSR-PCR method was shown
to be a reliable and wuseful technique for detecting genotypic
similarities/differences of Myotis species.
Keywords: Genetic Differentiation, ISSR, Chiroptera,
Sibling, Myotis

1. INTRODUCTION

In order to understand the evolution of species diversity,
extinction and speciation events, information about the phylogenetic
history of species is needed. In recent years, studies on phylogeny
and taxonomy have shown that PCR-based markers are useful 1in
explaining polymorphism and evolutionary relationships between species
[1]. Among these markers, ISSR (Sequence Repeat-Polymerase Chain
Reaction) 1is a reliable and simpler method used as an alternative to
other techniques (RAPD, AFLP, SSR) for genetic analysis [2]. ISSR
analysis 1is wuseful for identifying the genetic differentiation of
populations, including individuals who cannot be separated
morphologically [3]. Bugarski-Stanojevic, et al., [4] described the
relationship between problematic species and subspecies by identifying
genetic distances with 6 optimized ISSR primers in closely related
Apodemus populations. Especially in southern parts of Europe, sibling
species Apodemus flavicollis (Melchior, 1934) and A. sylvaticus
(Linnaeus, 1758), which cannot be separated morphologically, have been
successfully identified by ISSR-PCR analysis [5]. In Turkey, the
different chromosomal races/populations of another taxonomically
problematic (because of chromosomal polymorphism) mammal species
Nannospalax xanthodon were genetically differentiated wusing ISSR
technique [6].

The use of DNA sequence data in taxonomy has led to the frequent
detection of <cryptic species in a variety of taxa, which has
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dramatically increased species diversity [7 and 8]. Among the mammals,
one of the most diverse genera included in the Chiroptera army 1is
Myotis, which contains 134 species [9]. Distributed particularly in

the Palearctic region, Myotis myotis and Myotis blythii species of
this genus are still controversial cryptic taxa, in point of their
taxonomic status and distribution limits [10, 11, and 127.
Morphologically similar species are difficult to identify. The cryptic
species are morphologically similar or identical. However, they
exhibit substantial genetic differentiation and are generally
considered sibling species [8 and 13]. In order to reveal certain
differentiation between these species, distinctive genetic characters
are needed. Mitochondrial DNA (mtDNA), as well as nuclear DNA (nDNA)
based investigations, point out that genetic differentiation between
M. myotis and M. blythii samples is very low, species share the same
mtDNA haplotypes, and even hybrid individuals are present in some
contact areas [14, 15, l6, 17, and 18]. M. myotis of Western
Mediterranean origin is adapted to the mixed forest areas of the
Mediterranean Region, whereas M. blythii of Asian origin is adapted to

semi-arid and open areas [19 and 20]. On the other hand, both species
exhibit sympatric speciation in Southern and Central Europe and form
mixed colonies [21]. In Turkey, Myotis myotis is mostly distributed

in the Mediterranean and the Black Sea Regions, while Myotis blythii
is predominantly observed in the Eastern and Southeastern Anatolia
Regions. In the case of Central Anatolia, both species are present as
sympatric species [10 and 22]. Despite their ecological differences,
sympatric 1life 1is another <challenge that makes it difficult to
separate species. The aim of this study was to determine and compare
the genetic differences between the sympatric sibling species M.
myotis and M. blythii (Central Anatolia) and M. capaccinii distributed
in the Mediterranean region. Molecular polymorphism in bats,
especially among sibling species, was first studied by selecting
appropriate ISSR primers. Thus, the effectiveness of ISSR markers in
the analysis of genetic variability of bat species was demonstrated.

2. RESEARH SIGNIFICANCE

In this study, two sibling vespertilionid bat species
distributed in Turkey, were separated by using ISSR primers and new
DNA markers for the first time.

3. MATERIALS USED IN THE EXPERIMENTS
3.1. Specimen Examined

M. myotis (59¢), M. blythii (7¢), and Myotis capacinnii (1)
examined in this study were taken from Konya Sizma village, Kirikkale
Keskin and Hatay Hassa regions, respectively (Figure 1). The samples

were taken from the roosts with special bat nets and a gloved hand.
The samples were brought to the 1laboratory and the standard four
external dimensions and weights were recorded according to
Bogdanowicz, [16]. The head skeletons were boiled in a 15% ammonia
solution at 70-80°C, then dried and numbered according to Southern,
[23] and Mahoney, [24]. The abrasions in the canine and incisor teeth
were examined under a binocular microscope for the determination of
age groups. Standard external dimensions of the samples were taken
with a millimeter ruler. Internal character measurements were
conducted with 0.1 mm precision caliper. The identification of species
was accomplished according to Arlettaz, et al., [25] and Dietz and
Kiefer, [26].
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Figure 1. Locations of the examined Myotis species in Turkey

3.2. DNA Extraction and ISSR-PCR Amplification

DNA was isolated from liver tissues from a total of 13 samples
using DNA extraction kit (Thermo Scientific GeneJET Genomic DNA
Purification Kit). DNA purity was determined Dby NanoDrop and the
degree of DNA degradation was measured using 0.1% agarose gels with
0.5 pg/ml ethidium bromide. ISSR-PCR amplification was performed from
the obtained genomic DNA. The 16 primers (UBC807, 809, 811, 813, 818,
827, 828, 830, 841, 842, 864, 866, 868, 873, 876, 880) were randomly
chosen from UBC (British Columbia University) primer set for ISSR-PCR
analysis. The 7 primers producing reproducible 1loci and prominent
bands with good resolution quality were selected from these 16
primers. The total number of bands, the total number of polymorphic
bands and the rate of polymorphism were given for each primer (Table
1). PCR amplifications were conducted in a thermal cycler (Bio-Rad
T100™) with a total wvolume of 25 ul wusing 0.3 ul Tag polymerase
(5u/ul, Thermo fisher Tag DNA polymerase), 2.5 ul 10x PCR buffer,
1.5ulL. MgCl, (25 mM), 0.4 uL dNTP (10 mM), 1 wul DNA (30 ng), 1 ul
primer, and 16.8 ul ddH,O0.The PCR program started with an initial phase
of 5 min at 94°C, followed by 40 cycles of 45 s at 94°C, 45 s at 40°C,
2 min at 72°C and 10 min final elongation at 72°C. ISSR amplification
products were eluted at 90 V with 1X TBE buffer on 1% agarose gel
electrophoresis stained with ethidium bromide. Molecular sizes of
amplified products were estimated using a 100-10000 bp DNA ladder
marker (Gene Ruler DNA Ladder Mix, Thermo Scientific, USA).

3.3. Data Analysis

DNA band profiles were scored based on the DNA ladder from gel
photographs. Scoring was done by writing (1) in the presence of the
band and (0) in the absence of the band. The genetic distance matrix
generated by the presence and absence of bands was calculated
according to Nei, [27]. The dendrogram was generated by UPGMA analysis
based on the Jaccard coefficient. The genetic diversity for all
populations was calculated using POPGENE v.1.32 (Population Genetic
Analysis) [28].

4. FINDINGS AND DISCUSSIONS

4.1. ISSR AND PHYLOGENETIC ANALYSIS

In this study, 7 ISSR primers giving the best amplification out
of total 16 primers were selected for the analysis of Myotis species.
These 7 primers amplified 86 polymorphic loci, of estimated sizes from
150 to 2200 bp, varying from 19 polymorphic loci for primer (GGAGA)3 to
6 locus for the primer (AG)sG. The polymorphism rates of the primers
ranged from 85% to 100%., while the total polymorphism rate was
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recorded as 95% (Table 1). The average number of polymorphic bands per
primer was calculated as 12.28. According to these data, (AG) §T,
(TG) gA, (GACRL) 4, (GGAGA)3 primers produce the highest and most
distinctive Dbands for Myotis species with 100% polymorphism rate
(Figure 2).

Table 1. The list of ISSR primers used to detect polymorphism in
Myotis species

Srimer Segrence Number Number of Polymorphism %
of Bands Polymorphic Bands
UBC 807 (AG)sT 13 11 100%
UBC 809 (AG)sG 6 6 85%
UBC 813 (CT)sT 7 7 93%
UBC 828 (TG)sA 15 14 100%
UBC 873 (GACA)g4 17 17 100%
UBC 876 (GATA),(GACA)» 12 12 90%
UBC 880 (GGAGA) s 21 19 100%
ISSR Total 91 86 95%

Figure 2. Gel electrophoresis profiles of PCR products by using ISSR
primers for Myotis specimens (a:UBC 828, b:UBC 807, c:UBC 873, d:UBC
880)

The genetic distance matrix was calculated using the
polymorphism ratios determined by the markers given in Table 1. In the
UPGMA analysis based on the Jaccard coefficient, two main
clusters/groups were identified (Figure 3). These groups consisted of
the samples of Myotis myotis (3, 8, 10, 11, 12, 13) from Konya and
Myotis blythii (1, 9, 4, 5, 7) from Kirikkale. These two sibling
groups are clearly separated from each other. Despite being a member
of Myotis colony, specimen 6 was represented as a separate clad in the
dendrogram. When the band patterns of this sample are examined, the
presence of similar bands with both species (Myotis blythii and Myotis
myotis) was revealed, which increases the probability of being a
hybrid individual. As expected, M. capaccinii sample was represented
as a separate group (2) away from the other samples. When the
calculated average similarity was evaluated, the highest similarity
(89%) was found between the Myotis myotis samples (numbers: 10, 11;
11, 12) taken from Konya. However, the highest average distance (78)
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Nei’s original genetic distances were calculated independently

for the specimens separated on the basis of sibling species M.

blythii

53



Yagci, T. Asan Baydemir, N., LRI
Ecological Life Sciences (NWSAELS), 5A0116, 2019; 14(4) :49-57 .

Qanesrry
SN

and M. myotis. In these species, the average similarity was calculated
as 0.67% and the average distance was calculated as 0.36% using 7 ISSR
markers.
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Figure 3. Dendrogram of genetic similarity among Myotis specimens
(2: Myotis capacinnii; 6: belong to Myotis myotis colony; 3, 8, 10,
11, 12, 13 Myotis myotis;1l, 9, 4, 5, 7: Myotis blythii)

Recently, detection of species-diagnostic markers has become
very important in the identification and maintenance of genotypes,
especially in animals [29]. In this research, the ISSR primers were
utilized to identify the genetic wvariations between the two sibling
bat species in Turkey. According to the results, the best optimized 7
ISSR primers are seen as a good differential marker in the genetic
diagnosis of Myotis species (Table 1, Figure 3). Considering the
genetic distances between species; The genetic distance ratio between
M. myotis and M. blythii (36%) is successful in defining the
phylogenetically separate species, while the genetic proximity ratio
(67%) 1is successful in defining the close genetic relationship between
sibling species. Thus, according to data obtained from mitochondrial
genes (Cytb and ndl) of 10 sibling species of European Myotis samples,
at least divergent taxa were M. myotis and M. blythii, which showed
about 2.5% sequence distinction [14]. In addition, 33 Myotis taxa,
including American species, are strictly divided into 5 main clades by
using molecular data. While M. myotis and M. blythii were located in
the same clade, the phylogenetic positions of some individual taxa
such as M. capaccinii were uncertain. Considering the results obtained
in this study, M. myotis and M. blythii represent genetically closely
related groups, while a single individual belonging to M. cappacinii
represents a separate group away from other samples.

Berthier, et al., [15] in their research on mitochondrial DNA
(mtDNA), stated the absence of hybrid gametes in 1line with the
existence of several common alleles in European M. myotis and M.
blythii specimens exhibiting sympatric spread. When the Anatolian and
European samples were compared, intraspecific level of genetic
diversity was noted in the bat fauna of Anatolia [18]. Being composed
of 41 species, the bat fauna of Turkey is genetically rich [30]. In
this study, the samples were also found to exhibit high genetic
diversity (94.57%) (Table 3).
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Table 3. Genetic diversity according to ¢ P, the percentage of
polymorphic loci; h, Nei’s gene diversity; I, Shannon’s diversity; ne,
the effective number of alleles; na, average allele number per locus
Specimens Ml g I h 3P
All populations (M. myotis,
M. blythii, M. cappacinii)

1.945| 1.487 | 0.293 | 0.451 %94.57

Hybridization events between M. myotis and M. blythii have led
to controversy about their taxonomic status. Although sympatric
species are likely to be seen in hybrid individuals, this phenomenon
is rare for bats. Hoffmann, et al., [31l] revealed hybridization events
between the chromosomal races of Peters' tent-making bat (Uroderma
bilobatum) species in contact zones by using mitochondrial Cytb gene
analysis. Previously, 160 multilocal genotypes of two species from the
mixed nursed colony were examined in sympatric areas of Italy and
Switzerland. It has been shown that approximately 25% of M. blythii
possess genes of M. myotis origin and hybrids can be observed
frequently [15]. In another study, the hybridization rate and the
composition of a maternity colony of M. myotis and M. blythii in the
French Alps were evaluated [32]. Researchers identified 140 M. myotis,
12 M. blythii and 13 hybrids among 250 samples by multilocal gene
analysis. In a study in which the morphometric methods were also
utilized in addition to molecular approaches, M. myotis and M.
oxygnathus species were clearly separated from each other [17].
However, intermediate values were identified in the dimensions of the
skull and mandibular neck for 6 samples living as sympatric species.
Accordingly, these specimens were characterized as possible hybrid
individuals by the authors of the research.

5. CONCLUSIONS AND RECOMMENDATIONS

In this study, the samples separated in terms of morphological
and geographic features were also separated in terms of their genetic
characteristics based on the dendrogram produced by ISSR analysis
(Figure 3). However, the dendrogram’s profile of undiagnosed specimen
(Sample 6) from M. myotis colony (in total 6 samples) may imply the
presence of hybridization among sympatric colonies living in Central
Anatolia. Nonetheless, in order to claim on the consistency of ongoing
nuclear gene integration pattern between M. myotis and M. blythii in
Anatolian samples and to explain the hybridization levels of these
species, larger sampling sites and the greater number of molecular
markers with careful evaluation are needed. To conclude, ISSR primers
were evaluated as genetic markers that can be used in the diagnosis of
cryptic taxa since they provide similar data to previous studies in
determining the genetic relationships between Myotis species.

REFERENCES

[1] Moreira, P.R.L. and Morielle-Versute, E., (2006). Genetic
Variability in species of Bats Revealed by RAPD- Analysis.
Genetics and Molecular Research, 5(4):804-815.

[2] Reddy, M.P., Sarla, N., Neeraja, C.N., and Siddig, E.A., (2002).
Inter Simple Sequence Repeat (ISSR) Polymorphism and its
Application in Plant Breeding. Euphytica, 128:9-17.

[3] Wang, B., Zhang, Y., Chen, C.B., Li, X.L., Chen, R.Y., and Chen,
L., (2007). Analysis on Genetic Diversity of Different Salvia
Miltiorrhiza Geographical Populations in China. Chin J Chin
Mater Medica, 32:1988-1991.

[4] Bugarski-Stanojevi’c, V., Blagojevi'c, J., Stamenkovi’'c, G.,
Adna -devi’c, T., Gia-Gia-Athanasopoulou, E.B., and Vujo sevi’'c,

55



Yagci, T. Asan Baydemir, N., LRI
Ecological Life Sciences (NWSAELS), 5A0116, 2019; 14(4) :49-57 .

M., (2011). Comparative Study of the Phylogenetic Structure in
six Apodemus Species (Mammalia Roden-tia) Inferred from ISSR-PCR
Data. Systematics and Biodiversity, 9(1) :95-106.
Bugarski-Stanojevié¢, V.J., Blagojevié, T., Adnadevié, V., and
Jovanovié¢ VujoSevié, M., (2013). Identification of the Sibling
Species Apode-mus sylvaticus and Apodemus flavicollis (Rodentia,
Muridae) Comparison of molecular methods. Zool. Anz., 252:579-
587.

Yagci, T., Gurbanov, R.R., and Sen, E., (2018). Using ISSR
Markers in Determination of Genetic Relationship Between 2n=54
and 2n=60 Cytotypes of Nannospalax xanthodon (Nordmann, 1840)
(Mammalia, Rodentia) from Central Anatolia. Russian Journal of
Theriology, 17(2):100-107.

Bickford, D., Lohman, D.J., Sodhi, N.S., Ng, P.K., and Meier,
R., (2007. Cryptic Species as a Window on Diversity and
Conservation. Trends in Ecology & Evolution, 22:148-155.
Nygren, A., (2014). Cryptic Polychaete Diversity: A

Review. Zoologica Scripta, 43(2):172-183.

Burgin, C.J., Colella, J.P., Kahn, P.L., and Upham, N.S.,
(2018) . How many species of Mammals Are There? Journal of
Mammalogy, 99:1-11.

Spitzenberger, F., (1996). Distribution and Subspecif c
Variation of Myotis blythii and Myotis myotis in Turkey
(Mammalia: Vespertilionidae). Ann. Naturhist. Mus., 98:9-23.
Simmons, N.B., (2005). Order Chiroptera. In: Mammal Species of
the World. A Taxonomic and Geographic Reference, vol.l, edited
by Wilson DE & Reeder DME. pp.312-529. Washington, DC: Johns
Hopkins University Press.

Benda, P., Andreas, M., Kock, D., Luc¢an, R.K., Munclinger, P.,
Nova, P., Obuch, J., Ochman, K., Reiter, A., Uhrin, M., and
Weinfurtovéa, D., (2006). Bats (Mammalia: Chiroptera) of the
Eastern Mediterranean. Part 4. Bat Fauna of Syria: Distribution,
Systematics, Ecology. Acta Soc. Zool. Bohem., 70:1-329

Knowlton, N., (1993). Sibling Species in the Sea. Annual Review
of Ecology and Systematics, 24(1993):189-216.
Ruedi, M. and Mayer, F., (2001). Molecular Systematics of Bats

of the Genus Myotis (Vespertilionidae) Suggests Deterministic
Ecomorphological Convergences. Molecular Phylogenetics and
Evolution, 21:436-448.

Berthier, P., Excoffier, L., and Ruedi, M., (2006). Recurrent
Replacement of mtDNA and Cryptic Hybridization Between two
Sibling bat Species Myotis Myotis and Myotis blythii.
Proceedings of the Royal. Society of London B: Biological
Sciences, 273:3101-3123.

Bogdanowicz, W., Van Den Bussche, R.A., Gajewska, M., Postawa,
T., and Harutyunyan, M., (2009. Ancient and Contemporary DNA
Sheds Light on the History of Mouse-eared Bats in Europe and the
Caucasus. Acta Chiropterologica, 11:289-305.

Bachanek, J. and Postawa, T., (2010). Morphological Evidence for
Hybridization in the Sister Species Myotis Myotis and Myotis
oxygnathus (Chiroptera: Vespertilionidae) in the Carpathian
Basin. Acta Chiropterologica, 12:439-448.

GCoraman, E., Furman, A., Karatas, A., and Bilgin, R., (2013).
Phylogeographic Analysis of Anatolian Bats Highlights the
Importance of the Region for Preserving the Chiropteran
Mitochondrial Genetic Diversity in the Western Palearctic.
Conservation Genetics, 14:1205-1216.

Uhrin, M., Benda, P, Obuch, J., and Danko, S., (2008). Lesser
Mouse-eared bat (Myotis blythii) in Slovakia: Distributional

56



Yagci, T. Asan Baydemir, N., LRI
Ecological Life Sciences (NWSAELS), 5A0116, 2019; 14(4) :49-57 .

Status with Notes on its Biology and Ecology (Chiroptera:
Vespertilionidae). Lynx, 39(1):153-190.

Piksa, K. and Woloszyn, B.W., (2001). Postglacial Bat Remains
from the Polish Tatra caves. Lynx, 32:301-311.

Arlettaz, R., Christe, P., Lugon, A., Perrin, N., and Vogel, P.,
(2001) . Food Availability Dictates the Timing of Parturition in
Insectivorous Mouse-eared bats. Oikos, 95:105-111.

Asan, N., Albayrak, I., and Yorulmaz, T., (2010). Noteworthy New
Records and Conservation of Myotis myotis (Borkhausen, 1797) and
Myotis blythii (Tomes, 1857) (Mammalia: Vespertilionidae) in
Turkey. Lynx, 41:145-150.

Southern, H.N., (1964). The Handbook of British Mammals.
Blackwell Scientific Publications. Oxford, 342pp.

Mahoney, R., (1973). Laboratory Techniques in Zoology. 2nd
edition. Butterworths, London, 120pp.

Arlettaz, R., Ruedi, M., Ibanez, C., Palmeirim, J., and Hausser,
J., (1997). A New Perspective on the Zoogeography of the Sibling
Mouse-eared Bat Species Myotis myotis and Myotis blythii:
Morphological, Genetical and Ecological Evidence. J. Zool.
Lond., 242:45-62.

Dietz, C. and Kiefer, A., (2014). Die Fledermduse Europas:
Germany, Kosmos Naturfilthrer, p.394.

Nei, M., (1978). Estimation of Average Heterozygosity and
Genetic Distance from a Small number of Individuals. Genetics,
89:583-590

Yeh, F.C., Yang, R.C., and Boyle, T., (1999). Popgene Version
1.31 Microsoft Windows-based Software for Population Genetics
Analysis. Alberta Kanada. University of Alberta and Center for
International Forestry Research, 28p.

Balasaravanan, T., Chezhian, P., Kamalakannan, R., Ghosh M.,
Yasodha, R., Varghese, M., and Gurumurthi, K., (2005).
Determination of Inter- and Intra-species Genetic Relationships
among Six Eucalyptus Species based on Inter-simple Sequence
Repeats (ISSR). Tree Physiology, 25:1295-1302.

Karatas, A., (2019). The Bats (Mammalia: Chiroptera) of the
Central and Eastern Mediterranean Region. Acta Biologica
Turcica, 32(1):42-52.

Hoffmann, F.G., Owen, J.G., and Baker, R.J., (2003). mtDNA
Perspective of Chromosomal Diversification and Hybridization in
Peters’ Tent-making bat (Uroderma bilobatum: Phyllostomidae) .
Mol. Ecol., 12:2981-2993.

Afonso, E., Goydadin, A.C., Giraudoux, P., and Farny, G.,
(2017) . Investigating Hybridization between the Two Sibling Bat
Species Myotis myotis and M. blythii from Guano in a Natural
Mixed Maternity Colony. PLoS ONE, 12(2):1-16.

57



