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Genetic identification of bat samples 

The goals of the present study were a) to genetically identify bat samples to species 

level by using mitochondrial DNA and b) to estimate population diversity parameters 

of Miniopterus schreibersii, Myotis and Rhinolophus species respectively. 

 

A. Genetic Identification of Bat samples to Species level 

In general, four main steps are followed in order to genetically identify a species: 1) 

DNA extraction, 2) PCR amplification of a specific gene, 3) Sequencing of the 

obtained gene 4) Statistical analysis of the obtained results.    

1) DNA Extraction  

DNA Extraction was accomplished by using the Hillis et al protocol. (Hillis et al., 

1996), and it was successful for all 165 samples. After extraction, DNA samples were 

stored in 1X TE at 4°C. 

2) PCR Amplification 

The COI gene of mitochondrial DNA was selected for Bat species genetic 

identification. PCR amplification was accomplished using the primers “FDACOIH” 

and “FDACOIL”. The amplification was successful in 160 out of 165 DNA samples. 

Most samples, (110/160) were amplified using the Kappa Taq Ready Mix reagent, 

while the rest of the samples were amplified using Qiagen Taq Polymerase. The exact 

reagents concentration and quantity is shown on tables 1 and 2. 
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Table 1: Concentration and quantity of the reagents used for COI Gene amplification on 

samples 111-160. 

 

Table 2: Concentration and quantity of the reagents used for COI Gene amplification on 

samples 1-110 and 161-165. 

Reagent                                           Reagent Concentration Reagent Quantity 

Kapa Taq Ready mix 1X 15 μl 

F-Primer 1pmol/μl 0.3 μl 

Reagent Reagent Concentration  Reagent Quantity 

Qiagen polymerase buffer 1X 3 μl 

BSA 0,1X 0,3 μl 

MgCl2 2.5mM 1,2 μl 

F-Primer 1pmol/μl 0,3 μl 

R-Primer 1pmol/μl 0,3 μl 

dNTPs 0.25mM 0.75 μl 

Taq Polymerase 0.5U/μl 0.45 μl 

DNA  6 μl  

H2O  16.7 μl 

Reaction Volume                                                                          30 μl 
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R-Primer 1pmol/μl 0.3 μl 

DNA  6 μl  

H2O  8.4 μl 

Reaction Volume                                                                          30  μl                                                                                                 

 

The PCR protocol that was used for the amplification of the COI gene is shown below 

on table 3. Denaturation was accomplished on 94 0C, annealing on 50 0C while 

elongation was achieved on 72 0C. The reaction was accomplished in 35 cycles. 

 

Table 3: Temperature and duration per stage of the Polymerase Chain Reaction  for the COI 

gene amplification. 

Stage Temperature Duration Cycles  

Initial denaturation 94oC 2min 1 

DΝΑ denaturation 94oC 30s 35 

Primer annealing 50 oC 40s 35 

Primer elongation 72 oC 1min 35 

Final elongation 72 oC 10min 1 

 

3) COI Gene sequencing methodology 
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Sequencing of the amplified COI Gene was carried out by GENEWIZ company. 

Good quality sequencing results were obtained for 148 samples and while the rest 12 

samples gave poor quality sequences which were not taken into account for analysis.  

The resulting 148 sequencing were edited using the SnapGene software. More 

specifically, SnapGene was utilized for sequence trimming and alignment. 

Phylogenetic reconstruction was carried out using the MEGA7 software. Phylogenetic 

trees were produced with the Maximum Likelihood method (Hasagaya-Kishino-Yano 

and Tamura-3-Parameter model) and the bootstrap value was set to 1000 replications. 

Genetic distances were calculated using the Tamura-3-Parameter and Tamura Nei 

model. Different haplotypes, Haplotypic and Nucleotide diversity values were 

calculated with the DNASP6 software. Haplotype Networks were also constructed by 

NETWORK5 software. 

Species identification was achieved by comparing the resulting sequences with 

existing barcoding sequences on BOLD Database. Some sequences from BOLD 

Database were retrieved and used for phylogenetic reconstruction. 

4) Sequence analysis 

Samples identification was carried out through comparison between resulting 

sequences and deposited BOLD Database sequences. 

All 148 samples that underwent analysis were classified in 8 distinct genuses: 

 Rhinolophus  

 Myotis  

 Pipistrellus  

 Miniopterus 

 Eptesicus  

 Hypsugo  
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 Nyctalus  

 Plecotus  

 

Rhinolophus 

Haplotypes 

As far as Rhinolophus genus is concerned 72 sequences were produced in total, 

attributed to 4 species. 

 Rhinolophus euryale 

 Rhinolophus blasii 

 Rhinolophus hipposideros 

 Rhinolophus ferrumequinum 

Number of samples, haplotypes and polymorphic sites are demonstrated on Table 4 

for each corresponding species. 

Table 4: Number of Samples, haplotypes and polymorphic sites for each species of the 

Rhinolophus genus. 

Species Number of 

Samples  

Number of 

Haplotypes 

Polymorphic sites 

Rhinolophus 

hipposideros  

8 3 25 

Rhinolophus euryale  22 2 1 

Rhinolophus blasii  31 1 - 
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As shown above (Tables 4), Rhinolophus blasii was the most abundant species with 

31 samples, all of these sharing the same haplotype. As far as Rhinolophus euryale is 

concerned, 22 samples were classified in this species comprising 2 haplotypes. 

Rhinolophus ferrumequinum was consisted of 11 samples, all sharing one haplotype. 

Finally, Rhinolophus hipposideros samples were 8, and their sequences were set in 3 

different haplotypes with 25 polymorphic sites.  

Table 5: Haplotype (H) and Nucleotide (π) diversity for sequences grouped to Rhinolophus 

genus. 

 

According to the table above (Table 5) Rhinolophus hipposideros species was the 

most diverse. Both haplotype and nucleotide diversity were greater than those of 

Rhinolophus euryale. (H= 0.750 and π= 0.02566 compared to H= 0.091 and 0.00017 

respectively). Haplotype and nucleotide diversity on the rest species were 0 on the 

grounds that all sequences were identical. 

Genetic distance and phylogenetic reconstruction 

For the purpose of the phylogenetic reconstruction of Rhinolophus genus all 72 

resulting sequences were used, along with 36 sequences retrieved from BOLD 

Rhinolophus 

ferrumequinum  

11 1 - 

Species R. hipposideros R. ferrumequinum R. euryale 

R. hipposideros    

R. ferrumequinum 0.13008   

R. euryale 0.15643 0.12235  

R. blasii 0.15982 0.12004 0.08745 
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database. The final number of sequences included to the phylogenetic tree 

construction was set to 108. 

 Table 6: Average genetic distance between the sequences of each species for Rhinolophus 

genus. 
 

Genetic distance between sequences (Table 6) comprising each species ranges from 

8.7% (between R. blasii and R. euryale) to 15.9% (between R. hipposideros and R. 

blasii).  

The Phylogenetic tree that was constructed from Rhinolophus sequences is shown on 

Figure 1. There is a clear grouping of sequences as Rhinolophus ferrumequinum of the 

present study was grouped with BOLD sequences of the same species.  

As far as Rhinolophus hipposideros, RH1 haplotype is grouped with Rhinolophus 

hipposideros from Cyprus and not with other Greek sequences. Thus, there is no 

specific geographic differentiation for the species.  

As far as Rhinolophus euryale sequences, they are grouped in two clades: the one 

consisted of Russian samples and the other of both Greek and Italian samples 

revealing the greatest relatedness of Greek samples with Italian. 

Finally, Rhinolophus blasii haplotype was grouped with BOLD sequences of other 

Greek samples. 

 

Species  H Π 

Rhinolophus hipposideros 0.750 0.02566 

Rhinolophus euryale 0.091 0.00017 

Rhinolophus blasii - - 

Rhinolophus ferrumequinum - - 
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Figure 1: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Rhinolophus. Marked sequences resulted from this project while unmarked sequences were retrieved 

from BOLD Database. Sequences marked with the same symbol belong to the same species, while 

different colors are used to denote different haplotypes. 

Myotis 

Haplotypes 

From all 148 samples analyzed, 20 were identified to belong into the Myotis genus. 

The sequences resulted from those samples were eventually classified in 5 different 

species as shown below:  

 Myotis myotis 

 Myotis capacinii 

 Myotis daubentonii 

 Myotis aurascens 

 Myotis emarginatus 

The samples’ quantity, haplotypes and polymorphic sites are depicted on Table 7 for 

the corresponding species. 

Table 7: Number of Samples, haplotypes and polymorphic sites for each species of the 

Myotis genus. 

Species Number of 

samples 

Number of haplotypes Polymorphic sites 

Myotis myotis  6 2 13 

Myotis capaccinii  7 1 - 

Myotis aurascens  3 1 - 
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Sequences belonging to Myotis myotis species present two haplotypes. The remaining 

5 species of the Myotis genus are represented by one haplotype each. Even though 

two haplotypes were revealed for Myotis myotis, the number of polymorphic sites was 

13. 

Table 8: Haplotype (H) and Nucleotide (π) diversity for sequences grouped to Myotis genus. 

Species  H Π 

Myotis myotis 0.333 0.0781 

Myotis capaccini 

Myotis aurascens 

Myotis emarginatus 

Myotis daubentonii 

- - 

 

Haplotype and Nucleotide diversity were calculated as 0.333 and 0.0781 respectively. 

Myotis myotis samples are distributed to two haplotypes (Table 8). The first haplotype 

(MM1) is found in 5 samples while the second (MM2) accounts for only one sample. 

Genetic distance and Phylogenetic reconstruction. 

For the purpose of the phylogenetic reconstruction of Myotis genus all 20 resulting 

sequences were used in addition to 30 sequences retrieved from BOLD Database. The 

final number of sequences included into the phylogenetic tree construction was set to 

50. 

 

Myotis emarginatus 3 1 - 

Myotis daubentonii 1 1 - 



 

        
 
 

Deliverable 4.2.3. Research on parentage between bats from both sides of the border based on 
molecular genetic               
  Project co-funded by the European Union and 

                                                                                                             National Funds of the participating countries 
 

*The contents of this publication are sole responsibility of project partners and can in no way be taken to 
reflect the views of the European Union, the participating countries, the Managing Authority, and the Joint 
Secretariat. 

 
 

    

Table 9: Average genetic distance between the sequences of each species for Myotis genus. 

 M. capaccinii M. daubentonii M. aurascens M. emarginatus 

M, capaccinii     

M. daubentonii 0.17227    

M. aurascens 0.17601 0.14606   

M. emarginatus 0.18731 0.14967 0.16370  

M. myotis 0.18229 0.14201 0.16129 0.16657 

Average genetic distance between sequences of each species for the Myotis genus 

range from 14% to about 19% (Table 9). The average genetic distance is overall 

greater than the distance observed in other genuses. The most distant sequence groups 

are those of M. emarginatus and M. capaccinii while the least distant sequence groups 

are those of M. myotis and M. daubentonii. 

The Phylogenetic tree that was constructed from Myotis sequences is given in Figure 

2. Myotis myotis sequences were grouped in two clades together with sequences of  

Myotis blythii. MM1 haplotype was grouped with other four Greek sequences and one 

from Iran. The second haplotype MM2 was grouped with sequences from Spain and 

Switcher land. The grouping of M. blythii και M. myotis in the same clades could be 

attributed to the fact that the two species are hybridized in the Europe and they share 

the same mtDNA. 

As far as Myotis capacini sequences, they are grouped in two clades, the Greek MMC 

haplotype of the present study was grouped with Italian sequences while the other 

clade consists of samples from Syria and Iran revealing the greater relatedness of 

Greek and Italian Haplotypes 
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Figure 2: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Myotis. Marked sequences resulted from this project while unmarked sequences were retrieved from 

BOLD Database. Sequences marked with the same symbol belong to the same species, while different 

colours are used to denote different haplotypes. 

Pipistrellus 

Haplotypes 

As far Pipistrellus genus is concerned a total of 7 samples were collected resulting to 

7 sequences which were later classified into 4 species: 

 Pipistrellus piipistrellus 

 Pipistrellus kuhlii 

 Pipistrellus pygmaeus 

 Pipistrellus nathusii 

Species P. kuhlii, P. pygmaeus, P. nathusii included only one collected sample and 

there is no more than one haplotype. P. pipistrellus samples though, presented two 

haplotypes as shown in Table 10. 

Table 10: Number of Samples, haplotypes and polymorphic sites for each species of the 

Pipistrellus genus. 

 

Species Number of 

samples 

Number of 

Haplotypes 

Polymorphic sites 

Pipistrellus pipistrellus 4 2 3 

Pipistrellus kuhlii 1 1 - 

Pipistrellus pygmaeus 1 1 - 

Pipistrellus nathusii 1 1 - 
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The genetic analysis of the 4 samples of Pipistrellus pipistrellus showed that there are 

3 polymorphic sites, haplotype (Η) and nucleotide (π) diversity for this particular 

species is displayed in table 11. 

Table 11: Haplotype (H) and Nucleotide (π) diversity for sequences belonging to Pipistrellus 

genus. 

 

Haplotype diversity for the species Pipistrellus pipistrellus is 0.5,. Nucleotide 

diversity was calculated to be 0.0290,. 3 out of 4 Pipistrellus pipistrellus sequences 

comprise the first haplotype (PP1) and the remaining one sequence forms the second 

haplotype (PP2). 

Genetic distance and Phylogenetic reconstruction 

For the phylogenetic reconstruction of Pipistrellus genus, all 7 resulting sequences 

were used, along with 30 sequences retrieved from BOLD database. The final number 

of sequences included to the phylogenetic tree construction was set to 37. 

Overall average genetic distance between the sequences of Pipistrellus genus was 

calculated to be 0.105. On the following table (Table 12) average genetic distance 

between each species is shown.  

 

Species H Π 

Pipistrellus pipistrellus 0.500 0.0290 

Pipistrellus kuhlii 

Pipistrellus pygmaeus 

Pipistrellus nathusii 

- - 
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Table 12: Average genetic distance between the sequences of each species for Pipistrellus 

genus 

Average genetic distance for the Pipistrellus genus ranges from 7.6% (between P. 

pygmaeus and P. pipistrellus) to 21% (between P.  nathusii and P. pygmaeus).  

The Phylogenetic tree that was constructed from Pipistrellus sequences is shown in 

Figure 3. As far as Pipistrellus pipistrellus samples, they were grouped with BOLD 

sequences of the same species from Greece and Italy. 

Pipistrellus nathusii was grouped with sequences from Switzerland, France and 

Russia, revealing no specific geographic distribution. Genetic distance between Greek 

and other Pipistellus nathusii sequences was 0.2%. 

Greek Pipistrellus kuhlii was grouped with other Greek sequences retrieved from 

Bold database. The other two clades consisted: the one of sequences form Switzerland 

and the other from Syria and Iran. Additionally, although morphological similar, 

Pipistrellus kuhlii was grouped in a different clade from Pipistrellus pygmaeus. 

 

 P. kuhlii P. pipistrellus  P. pygmaeus 

P. kuhlii    

P. pipistrellus 0.15769   

P. pygmaeus 0.18985 0.07635  

P. nathusii 0.19300 0.16399 0.21475 
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Figure 3: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Pipistrellus. Marked sequences resulted from this project while unmarked sequences were retrieved 

from BOLD Database. Sequences marked with the same symbol belong in the same species, while 

different colours are used to interpret different haplotypes. 

Miniopterus 

Haplotypes 

A total of 41 sequences resulted from this project for the genus Miniopterus. All of 

the above were classified to a single species, Miniopterus schreibersii. Samples’ 

quantity, haplotypes and polymorphic sites for each species of the Miniopterus genus 

are shown on the following table (Table 13). 

Table 13: Number of Samples, haplotypes and polymorphic sites for Miniopterus 

schreibersii. 

Species Number of 

smples 

Number of  

haplotypes 

Polymorphic sites 

Miniopterus schreibersii 41 8 7 

 

Miniopterus schreibersii sequences were categorized in 8 separate haplotypes, 

resulting from 7 polymorphic sites. Haplotype and nucleotide diversity for the species 

Miniopterus schreibersii is demonstrated on table 12. Haplotype diversity displays a 

great value (H = 0.465) since there is consequently a great variety of haplotypes in the 

given sample size. On the contrary, nucleotide diversity values are on the lower side 

of the spectrum (π = 0.001), as a result, those 8 derived haplotypes are very similar to 

each other (Table 14). 
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Table 14: Haplotype (H) and Nucleotide (π) diversity for sequences classified to Miniopterus 

schreibersii. 

Species  Η Π 

Miniopterus schreibersii 0.465 0.00101 

 

A haplotype network was constructed for Miniopterus schreibersii species (Figure 4). 

Each circle represents a haplotype while the circle’s size is equivalent to the amount 

of sequences of each haplotype. What can be inferred from this figure, is that there is 

a central haplotype, where the sequences’ majority falls under (H_2 or MS2, 30 

sequences). MS2 haplotype has served as a template, on which the rest 7 haplotypes 

have been established, altered each time by a single nucleotide replacement (Table 

15).  

Table 15: Number of haplotypes, and the site where the nucleotide alteration happened 

considering H_2 (MS2) as the template. 

Haplotype  Number  

of haplotypes  

Polymorphic site 

H_2 (MS2)  30 - 

H_7 (MS7) 1 224 

H_5 (MS5) 2 456 

H_4 (MS4) 1 263 

H_1 (MS1) 2 2 

H_3 (MS3) 2 422 

H_6 (MS6) 2 521 

H_8 (MS8) 1 323 

Overall 41  
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Figure 4: Haplotype network constructed with Miniopterus schreibersii sequences. Each circle 

represents a haplotype while the circle’s size is equivalent to the amount of sequences falling under 

each haplotype. 
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Genetic distance and Phylogenetic reconstruction 

For the phylogenetic reconstruction of Miniopterus genus all 41 resulting sequences 

were used in addition to 30 sequences retrieved from BOLD Database. The final 

number of sequences included to the phylogenetic tree construction was 71. Average 

genetic distance is low due to low nucleotide= diversity values (Table 16).  

Table 16: Average genetic distance among the sequences of the species Miniopterus 

schreibersii 

  

The phylogenetic tree depicted on Figure 5 was constructed from this project’s 

resulting sequences of Miniopterus schreibersii plus several retrieved BOLD 

Database sequences of M. schreibersii, M. pusillus M. magnateri species. 

Based on the tree, M. schreibersii sequences were grouped in three clades. The one 

was the most abundant one and consists of both Greek, Spain and Italian sequences. 

while the other two clades consist of Miniopterus schreibersii samples from Iran and 

Morocco. 

Species Average genetic distance 

Miniopterus schreibersii 0.00101 
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Figure 5: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Miniopterus. Marked sequences resulted from this project while unmarked sequences were retrieved 

from BOLD Database. Sequences marked with the same symbol belong in the same species, while 

different colours are used to interpret different haplotypes. 

Eptesicus 

A total of 4 sequences resulted from this project for the genus Eptesicus all of them 

comprising a single species, Eptesicus serotinus. All 4 samples of Eptesicus serotinus 

fall under the same haplotype as shown on the table 17.  

Table 17: Number of Samples, and haplotypes for the species of the genus Eptesicus that 

resulted from this project 

  

For the calculation of the average genetic distance among Eptesicus’ species, both 

resulting sequences and BOLD sequences were taken into consideration due to the 

lack of samples. The genetic distance values are shown on the table below (Table 18). 

Table 18: Average genetic distance among Eptesicus species. BOLD sequences were taken 

into account due to the lack of samples. 

Species E. fuscus E. nasutus E. nilsonii 

E. fuscus    

E. nasutus 0.21792   

E. nilsonii 0.14354 0.24466  

Species Number of  

samples 

Number  

of haplotypes 

Eptesicus serotinus 4 1 
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E. serotinus 0.14686 0.24253 0.03645 

 

As deduced from the table above, the genetic distance between Eptesicus’ samples 

classified into each species ranges from 3.6% to 24%. The most related samples are 

those of E. nilsonii and E. serotinus (3.6%) while the least related samples belong to 

the groups of E. nilosonii and E. nasutus.  

The phylogenetic tree displayed on Figure 6 was constructed from this project’s 

resulting sequences of Eptesicus serotinus in addition to 26 retrieved BOLD Database 

sequences of E. fuscus, E. nasutus, E. nilsonii and E. serotinus species.  

 

Eptesicus serotinus sequences were similar with other two sequences retrieved from 

database, the one with Greek origin and the other Russian origin. The other four 

Eptesicus serotinus sequences present in Figure 8 are from Korea and Syria and the 

genetic distance is grater that 6% between all Eptesicus serotinus sequences. Thus, 

there is a clear differentiation between European and Asian sequences. Closer to 

Greek Eptesicus serotinus. samples were the European Eptesicus nilsonii sequences 

of BOLD database, revealing the greater relatedness of the two species in Europe. 



 

        
 
 

Deliverable 4.2.3. Research on parentage between bats from both sides of the border based on 
molecular genetic               
  Project co-funded by the European Union and 

                                                                                                             National Funds of the participating countries 
 

*The contents of this publication are sole responsibility of project partners and can in no way be taken to 
reflect the views of the European Union, the participating countries, the Managing Authority, and the Joint 
Secretariat. 

 
 

    

Figure 6: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Eptesicus. Marked sequences resulted from this project while unmarked sequences were retrieved from 

BOLD Database. Sequences marked with the same symbol belong in the same species, while different 

colours are used to interpret different haplotypes. 
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Plecotus 

Only one sample was collected for the Plecotus genus during the collection 

expeditions and it resulted in only one sequence that was identified to belong to the 

Plecotus austriacus species. 

For the calculation of the average genetic distance among Plecotus species, both the 

resulting sequences and BOLD sequences were included. The genetic distance values 

are shown in Table 19. 

Table 19: Average genetic distance between samples belonging to Plecotus species. 

Species 

 

P. macrobullaris P. auratus 

P.macrobullaris   

P. auritus 0.15149  

P. austriacus 0.20247 0.21059 

 

Genetic distance as observed on the table above ranges from 15% to 21%. Plecotus 

austriacus and Plecotus auratus sequences exhibit the greatest genetic distance (21%) 

The lowest genetic distance (15%) is displayed between Plecotus auritus and Plecotus 

macrobullaris. 

The phylogenetic tree (Figure 7) was constructed using the sole sequence derived 

from this project in conjunction with 17 Plecotus austriacus, Plecotus auritus, 

Plecotus macrobullaris sequences retrieved from BOLD Database. 

Plecotus austriacus sequences of the present study are grouped together with other 

Greek, Slovenian and Swedish sequence of Bold database revealing no specific 

geographic distribution. 
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Figure 7: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Plecotus. Marked sequences resulted from this project while unmarked sequences were retrieved from 

BOLD Database. Sequences marked with the same symbol belong in the same species, while different 

colours are used to interpret different haplotypes 
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Hypsugo 

Two (2) sequences derived from this project and were identified to belong to the 

species Hypsugo savii (Table 20). 

Table 20: Number of Samples and haplotypes for the species of the genus Hypsugo that 

resulted from this project 

 

Table 21: Average genetic distance between samples belonging to Hypsugo species. BOLD 

sequences were taken into consideration. 

Species H. cadornae H. pulveratus 

H. cadornae   

H. pulveratus 0.15662  

H savii 0.14862 0.12126 

 

Average genetic distance between the sequences classified to species is shown in 

Table 21. Overall, the average distance between the sequences of each species ranges 

from 12% to 15.6%. 

The phylogenetic tree that was constructed for Hypsugo species is demonstrated on 

Figure 8. For the phylogenetic reconstruction of Hypsugo genus both 2 resulting 

sequences were used in conjunction with 29 sequences retrieved from BOLD 

Database.  

Species Number of samples Number of haplotypes 

Hypsugo savii 2 1 
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Hypsugo savii sequences of the present study are grouped together with other Greek 

sequences of Bold database, while the other clade consists of Hypsugo savii 

sequences of Iran and Syria. Surprisingly, two Hypsugo savii sequences from 

Switzerland were grouped in different clades. 
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Figure 8: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Hypsugo. Marked sequences resulted from this project while unmarked sequences were retrieved from 

BOLD Database. Sequences marked with the same symbol belong in the same species, while different 

colours are used to interpret different haplotypes 
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Nyctalus 

Exactly like the Plecotus genus, only one Nyctalus sample was collected during the 

collecting expeditions.  

On the following table (Table 22) average genetic distance between each species’ 

sequences is shown. The average genetic distance ranges from about 7% (between N. 

noctula and N. lasiopterus) to 14% (N. noctula and N. leislerii). For the calculation of 

genetic distance BOLD sequences were also included. 

Table 22: Average genetic distance between samples classified to Nyctalus species. BOLD 

sequences were taken into consideration  

Species Ν. lasiopterus Ν. leislerii 

Ν. lasiopterus   

Ν. leislerii 0.13022  

Ν. noctula 0.07421 0.14001 

 

The phylogenetic tree depicted on Figure 9 was constructed using the sequence 

derived from this project in addition to sequences retrieved from BOLD Database 

classified to N. lasiopterus, N. leislerii, N. noctula. For the purpose of the 

Phylogenetic reconstruction of the Nyctalus genus, the one sequence resulted from 

this project was used along with 20 sequences retrieved from BOLD Database. 

Nyctalus leislerii sequences of the present study were grouped together with BOLD 

sequences form Chech Republic, Iran and Russia reviling the lack of geographic 

differentiation. 

 



 

        
 
 

Deliverable 4.2.3. Research on parentage between bats from both sides of the border based on 
molecular genetic               
  Project co-funded by the European Union and 

                                                                                                             National Funds of the participating countries 
 

*The contents of this publication are sole responsibility of project partners and can in no way be taken to 
reflect the views of the European Union, the participating countries, the Managing Authority, and the Joint 
Secretariat. 

 
 

    

 

Figure 9: Phylogenetic tree (Maximum Likelihood) constructed using the sequences of the genus 

Nyctalus. Marked sequences resulted from this project while unmarked sequences were retrieved from 

BOLD Database. Sequences marked with the same symbol belong in the same species, while different 

colours are used to interpret different haplotypes 
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B. Estimation of population diversity parameters of three species 

For population analysis and estimation of diversity indices, an adequate number of 

samples per population per species is required. For this reason, Miniopterus 

schreibersii, Rhinolophus blasii and Rhinolophus euryale were selected for further 

population analysis since more than 30 samples were available per species. In total, 

149 bats samples from Greece and Bulgaria were used for microsatellite analysis 

(Table 23).  

Table 23: Samples per species per population for microsatellite analysis 

 Greece Bulgaria Total 

Miniopterus schreibersii 56 samples 13 samples 69 samples 

Rhinolophus blasii 46 samples 0 samples 46 samples 

Rhinolophus euryale 30 samples 4 samples 34 samples 

 

Amplification, fragment analysis and genotyping 

Initially, six microsatellite markers were selected for population analysis. After 

several trials, five out of six microsatellite markers were (Table 24) successfully 

amplified for Miniopterus schreibersii and Rhinolophus blasii while 4 out of six 

markers were successfully amplified for Rhinolophus euryale. Fragment analysis was 

performed in ABI 3500 and genotyping was performed Geneious 10.2.3. 

In total, 61 samples of Miniopterus screibersii, 44 samples of Rhinolophus blasii and 

33 samples of Rhinolophus euryale were amplified and genotyped successfully and 

the results were used for further population analysis. 
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Table 24: Microsatellite markers per genus or species that were successfully used 

Miniopterus schreibersii Rhinolophus  

Locus Size Range Locus Size Range 

Mschreib2 174–222 RCA3 398–418 

Mschreib3 142–172 RCA6 238-262 

Mschreib4 171–205 RDE1 394-410 

MM22 249–295 RDE2* 387–409 

M31 230–288 RDE3 332-388 

*were not successfully amplified for Rhinolophus euryale  

Miniopterus schreibersii 

From 61 samples of Miniopterus schreibersii, 50 samples were collected from Greece 

and 11 from Bulgaria. A summary of the estimated genetic diversity parameters for 

each of the sample group can be found in the table below. Genetic diversity levels of 

both Greek and Bulgarian samples were low.  It was observed that these values when 

even lower that heterozygosity values of much smaller studied populations of the 

species over Europe (Table 26). Additionally, in the case of Greek populations, where 

more samples are available, observed heterozygosity is lower to expected probably 

due to inbreeding. Since populations that suffer from inbreeding depression are 

vulnerable to extinction in the future, more samples need to be analyzed of 

Miniopterus schreibersii to get a better insight of population condition in Greece and 

Bulgaria. 
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Table 25: Genetic diversity indices per sample group analyzed for 5 microsatellite markers  

 

Ν: number of analysed individuals, Amean: mean # alleles, He: expected heterozygosity, Ho: observed 

heterozygosity, PHW: p-value of Hardy-Weinberg. 

Table 26: Heterozygosity values and mean allelic richness of Miniopterus schreibersii 

populations from Portugal, Greece and Bulgaria. 

Sample origin N A He Bibliography 

NE Portugal Miranda 40 4.8 0.58  

 

 
Ramos Pereira et al. 

Mogadouro 17 4.0 0.59 

CW Portugal Alcanena 39 5.6 0.56 

Tomar 24 5.8 0.60 

CE Portugal Marvao 46 6.2 0.61 

S Portugal Moura 52 6.4 0.69 

Odemira 20 4.2 0.61 

Greece 50 8 0.392 In present study 

Bulgaria 11 4.4 0.318 

 

Population genetic structure was also investigated for the Miniopterus schreibersii 

samples from Greece and Bulgaria (Figure 10). Both the Greek and Bulgarian 

samples cluster together, without giving any sign of population differentiation and 

thus they could be considered as one panmictic population. However, a bigger sample 

size from Bulgaria is needed to verify our results.  

 

 

 

Parameters 

Sample origin 

Greek Bulgarian 

N 50 11 

Amean 8 4.4 

He 0.392 0.318 

Ho 0.277 0.355 

PHW High. sign. 0.177 
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Figure 10. A genetic Structure plot of the Miniopterus schreibersii samples in Greece and Bulgaria. 

 

 

Rhinolophus euryale 

From 33 samples of Rhinolophus euryale, 30 samples were collected from Greece and 

3 from Bulgaria. A summary of the estimated genetic diversity parameters for each of 

the sample groups can be found in the table below. The genetic diversity level was 

moderate for Greece but very low for Bulgarian sample probably due to the small 

sample size. However, heterozygositsy values of Greece were lower than other 

studied populations of Europe (Table 28) were values range from 0.704-0.737. These 

could be the result of smaller populations probably after a bottleneck effect. Thus, 

more samples are needed to be analyzed from both Greece and Bulgaria in order to 

better understand population condition.  
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Table 27: Genetic diversity indices per sample analyzed for 4 microsatellite markers 

  
 Ν: number of analysed individuals, Amean: mean # alleles, He: expected heterozygosity, Ho: observed 

heterozygosity, PHW: p-value of Hardy-Weinberg. 

 Table 28: Heterozygosity values and mean allelic richness of Rhinolophus euryale 

populations from Serbia, Montenegro, Slovenia, Greece and Bulgaria. 

 

 Population genetic structure was also investigated on the Rhinolophus euryale 

samples from Greece and Bulgaria (Figure 11). Both the Greek and Bulgarian 

samples cluster together, without giving any sign of differentiation. However, small 

sample size of Bulgarian population does not allow us to have safe results.  

 

Parameters 

Sample origin 

Greek Bulgarian 

N 30 3 

Amean 5.75 2.75 

He 0.556 0.273 

Ho 0.450 0,389 

PHW High. sign. 0.855 

Sample origin N A He Bibliography 

Eastern Serbia 1 19 6.87 0.734  
 

 

Budinski et al. 

Eastern Serbia 2 21 6.37 0.716 

Eastern Serbia 4 24 6.50 0.745 

Western Serbia 8 23 6.12 0.728 

Western Serbia 9 15 5.75 0.704 

Montenegro 12 6.00 0.727 

Slovenia 13 5.87 0.737 

Greece  30 5.75 0.556 In present study 

Bulgaria 3 2.75 0.273 
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Figure 11. A genetic Structure plot of the Rhinolophus euryale samples in Greece and Bulgaria.  

  

Rhinolophus blasii 

All 44 samples of Rhinolophus euryale were collected from Greece. Heterozygosity 

values were moderate to high for Rhinolophus blasii from Greece revealing that the 

population maintains adequate levels of genetic variability and that it is not vulnerable 

to population extinction in the near future. However, further analysis with more 

samples both from Greek and Bulgarian population will give a better insight in the 

population diversity indices as well as in the levels of population differentiation 

between Greece and Bulgaria.  

Table 29: Genetic diversity indices per sample group analysed for 5 microsatellite markers 

 

Ν: number of analyzed individuals, Amean: mean # alleles, He: expected heterozygosity, Ho: observed 

heterozygosity, PHW: p-value of Hardy-Weinberg. 

 

Parameters 

Sample origin 

Greek 

N 30 

Amean 5.75 

He 0.556 

Ho 0.450 

PHW High. sign. 
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The results of Miniopterus schreibersii and Rhinolophus euryale from present study 

were compared to the other bats studies in the literature while a relative study about 

Rhinolophus blasii were not found. 

 

CONCLUSIONS 

This report outlines the results of a two-year project funded by the Interreg Greece-

Bulgaria program to investigate the genetics of bats population (Chiroptera) along the 

bangs of Mesta (Nestos) River and caves in the region of Momchilgrad – Komotini. 

Mitochondrial and microsatellite analyses were completed to succeed the project 

aims.  

 In total, 148 bat samples from Greece were classified in 8 distinct genera: 1) 

Rhinolophus (4 species), 2) Myotis (5 species), 3) Pipistrellus (4 species), 4) 

Miniopterus (1 species), 5) Eptesicus (1 species), 6) Hypsugo (1 species), 7) 

Nyctalus (1 species), 8) Plecotus (1 species).  

 The most diverge species was Miniopterus schreibersii with 8 different haplotypes 

in total.  

 Phylogenetic trees were constructed for all 18 species by using additionally data 

from Bold data base.  

 In most cases, there was a clear grouping of each species in distinct clades with the 

exception of M. blythii and M. myotis that grouped in the same clade. This could be 

attributed to the fact that the two species are hybridized in the Europe and they 

share the same mtDNA.  

 In most case Greek samples grouped with other European samples and there was 

no specific geographic distribution of haplotypes. 
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 As far as microsatellite analysis, population diversity parameters and genetic 

structure between Greek and Bulgarian population were estimated for three species 

(Miniopterus schreibersii, Rhinolophus euryale and Rhinolophus blasii).  

 In all cases, we found lower levels of heterozygosity values in Greek and 

Bulgarian population compared to other European ones probably due to smaller 

populations or to inbreeding.  

 No signs of population differentiation between Greece and Bulgaria found for all 

studied species.  

 More samples need to be analyzed for all three species in order to drawn safer 

results especially for the case Miniopterus schreibersii that seems to be more 

vulnerable to inbreeding depression. 

 Rhinolophus blasii was the second most numerous species and was captured at 4 

sites. Previously, the species was known from only a single site at Thisauros Dam, 

while the data of the present project have revealed a new breeding site in Chalepi 

 Heterozygosity values were moderate to high for Rhinolophus blasii from Greece 

revealing that the population maintains adequate levels of genetic variability and 

that it is not vulnerable to population extinction soon. 

 All resulting sequences were deposit in BOLD DATA base with accession 

numbers AUTBS-001-20 - AUTBS-228-20. 

 


