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Abstract

With over 1400 species worldwide, the genus Miniopterus (Bonaparte, 1837) is among the most widespread genera
globally. However, the phylogenetic relationships within this genus are poorly understood due to their
morphological uniformity, complicating classification and species delimitation. This study addresses these
challenges by employing various bioinformatics tools to analyze mitochondrial DNA sequences of the
'‘Cytochrome b' gene sourced from GenBank. Phylogenetic tree reconstruction was performed using MEGA,
haplotype identification was conducted with DnaSP, and phylogenetic networks were analyzed using NetWork.
Our findings confirm the monophyly of Miniopterus in two distinct geographic regions: Afro-European and
Australasian-Asian. Furthermore, morphological identification in Algeria reveals the presence of only one species,
Miniopterus schreibersii.
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Introduction

The order Chiroptera represents a unique group of ancient mammals that first appeared on Earth
approximately 65 million years ago (Teeling et al., 2005). Members of this order have developed
autonomous flight as their primary mode of locomotion (Meganathan et al., 2011). Chiroptera is
particularly notable for the diversity in their morphology, habits, and habitats, encompassing around
1400 species worldwide (Stevens et al., 2006), which are divided into 175 genera within 20 families
(Joffrin, 2019). Among these, seven families are particularly well-known: Rhinolophidae (Gray, 1825),
Vespertilionidae (Gray, 1821), Molossidae (Gervais, 1856), Emballonuridae (Gervais, 1856),
Rhinopomatidae (Bonaparte, 1838), Hipposideridae (Lydekker, 1891), and Miniopteridae (Bonaparte,
1837).

Although the family Miniopteridae is represented by a single genus, Miniopterus (Goodman et al.,
2011), it is one of the most widespread mammalian families globally (Miller-Butterworth et al., 2007).
The genus Miniopterus, often referred to as long-toed or curved-winged bats, comprises up to 35 species
(Demos, 2019).

Phylogeny, an area of research essential for understanding different species, whether animal or plant,
helps classify species based on their evolutionary relationships (Patwardhan et al., 2014). Modern
phylogenies are typically represented by phylogenetic trees, which illustrate hypotheses of species'
vertical evolution (Lord, 2015). Concurrently, bioinformatics provides central, globally accessible
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databases that enable scientists to present, search, and analyze information. It offers software for data
analysis and comparison, and tools for modeling, visualization, exploitation, and interpretation of data
(Yvan et al., 2007). Using various bioinformatics software, we conducted a phylogenetic study of the
genus Miniopterus, one of the most widespread bat genera but with several uncertainties in its
classification due to apparent morphological uniformity. Our objective is to reconstruct the phylogenetic
tree characterizing the specific evolution of the Miniopterus genus and to compare the different species
within it.

Material and methods

Our study utilized already published sequences obtained through Polymerase Chain Reaction (PCR)
(Kleppe et al., 1971) and sanger sequencing. The researchers who published the results collected the
samples, extracted the DNA, amplified a targeted DNA fragment, and sequenced that fragment. These
sequences, generated by various research laboratories globally, were then submitted to biological data
repositories such as GenBank, ensuring the data is freely accessible to researchers worldwide (Sayers et
al., 2020).

We extracted all available DNA sequences of the Miniopterus genus from GenBank
(https://www.ncbi.nlm.nih.gov/genbank/). Subsequent analysis and classification of these sequences
were performed using multiple molecular data processing software tools.

o FaBox (Toolbox for Fasta Sequences): A collection of simple, intuitive web services designed
for quick tasks involving sequence data, enabling biologists and medical researchers to
efficiently process and analyze sequences (Villesen, 2007).

o MEGA (Molecular Evolutionary Genetics Analysis): This software provides integrated tools
for statistical analysis of DNA and protein sequence data from an evolutionary perspective. It
constructs sequence alignments and phylogenetic trees, allowing the application of evolutionary
bioinformatics methods in biology, biomedicine, and evolution (Tamura et al., 2011; Yoann,
2012).

e DnaSP (DNA Sequence Polymorphism Analysis of Large Data Sets): A bioinformatics tool
designed for comprehensive analysis of DNA sequence variation, facilitating detailed
polymorphism studies (Rozas et al., 2017).

o NetWork Software: Utilized for reconstructing phylogenetic networks, this software infers
ancestral types, potential evolutionary paths, branching patterns, and estimates datings. It
generates evolutionary trees and networks from genetic, linguistic, and other data (Huson and
Bryant, 2012; Forster and Forster, 2020).

Results and discussion
GenBank result

Our analysis of 51.717 DNA sequences of the Miniopterus genus from GenBank enabled us to
inventory all published species and classify the genes utilized for each. The Cytochrome b (Cytb) gene
emerged as the most frequently used gene for studying the majority of species. The detailed results are
presented in table I.

The Cytb gene, a mitochondrial gene involved in electron transport in the mitochondrial chain, is
extensively used in systematic studies to resolve taxonomic discrepancies across various levels (Izeni et
al., 2001). According to Demos (2019), mitochondrial markers are particularly effective for
phylogenetic studies aimed at determining sister taxa. Consequently, our study focused on the
Cytochrome b gene for the phylogenetic analysis of the Miniopterus genus.

Table 1. DNA sequences of the genus Miniopterus extract from GenBank.

Species Total number of sequences Number of Cytb sequences
Miniopterus aelleni 33 11
Miniopterus cf. aelleni A 6 6
Miniopterus cf. aelleni B 14 14
Miniopterus africanus 16 2
Miniopterus ambohitrensis 6 1
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Miniopterus australis 21 2
Miniopterus fraterculus 106 50
Miniopterus fuliginosus 15900 1
Miniopterus gleni 45 35
Miniopterus griffithsi 16 6
Miniopterus griveaudi griveaudi 10 10
Miniopterus inflatus rufus 1 1
Miniopterus macroceneme 5 1
Miniopterus maghrebensis 14 14
Miniopterus magnater 67 7
Miniopterus mahafaliensis 28 18
Miniopterus majori 55 44
Miniopterus manavi 33 11
Miniopterus medius 4 1
Miniopterus minor 57 7
Miniopterus mossambicus 36 16
Miniopterus newtonii 4 4
Miniopterus schreibersii bassanii 11 1
Miniopterus schreibersii oceanensis 25 2
Miniopterus paululus 18 3
Miniopterus schreibersii blepotis 2 1
Miniopterus petersoni 21 10
Miniopterus schreibersii orianae 3 2
Miniopterus schreibersii pallidus 126 66
Miniopterus schreibersii schreibersii 69 59
Miniopterus schreibersii villiersi 3 3
Miniopterus sororculus 24 13
Miniopterus griveaudi 157 2
Miniopterus inflatus 32 1
Miniopterus natalensis 33529 37
Miniopterus schreibersii 928 7
Miniopterus sp. B165 1 1
Miniopterus sp. B76 1 1
Miniopterus sp. B96 1 1
Miniopterus sp. BBRA-2009¢ 33 23
Miniopterus sp. BRA-2011 25 15
Miniopterus sp. clade 1 TD-20 68 43
Miniopterus sp. clade 10 TD-2020 33 20
Miniopterus sp. clade 2 TD-2020 40 25
Miniopterus sp. clade 3 TD-2020 6 1
Miniopterus sp. clade 4 TD-2020 46 26
Miniopterus sp. clade 5 TD-2020 25 11
Miniopterus sp. clade 6 TD-2020 6 1
Miniopterus sp. clade 7 TD-2020 37 22
Miniopterus sp. clade 8 TD-2020 29 14
Miniopterus sp. clade 9 TD-2020 20 5
Miniopterus sp. Comoros clade 2 9 3
Miniopterus sp. FMNH 167450 1 1
Miniopterus sp. FMNH 172602 1 1
Miniopterus sp. n. TM-2020 5 5
Miniopterus sp. P3 1 1
Miniopterus sp. P4 5 5
Miniopterus sp. P5 3 3
Miniopterus sp. P6 8 8
Miniopterus sp. P7 1 8
Miniopterus sp. SMG-2014a 1 1
Miniopterus sp. Sororculus S 5
Miniopterus sp. X3 1 1
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The phylogenetic trees obtained

The construction of the phylogenetic tree was performed using the MEGA software. We selected
representative Cytb sequences based on their geographical origin and nucleotide base pair (bp) length.
Notably, there was significant size variability among Cytb gene sequences, complicating alignment. To
address this, we separately processed short sequences (between 222bp and 833bp) and determined their
positions relative to long sequences (between 1010bp and 1140bp). This approach allowed us to
categorize the sequences into two groups, A and B (Fig. 1).

5 El
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Fig. 1. Diagram explaining the positions of small versus large sequences in the alignment.
1. Phylogenetic tree of Cytb group A
Group A includes all the long sequences aligned with the short sequences which are at the 5’ position.
The relationships between the Cytb sequences have been represented in the following tree in figure 2.

Upon analyzing the phylogenetic tree derived from group A of the genus Miniopterus, we identified two
monophyletic clades distributed across distinct geographical regions:

e Clade 1 Australasia-Asia: Includes eight taxa from Australasia and Asia: Miniopterus pusillus,
Miniopterus medius, Miniopterus australis, Miniopterus macroceneme, Miniopterus paululus,
Miniopterus schreibersii, Miniopterus magnater, Miniopterus fulginosus.

This clade is subdivided into two subclades:
Sub clade A which is divided into:

Al: contains the species Miniopterus schreibersii, Miniopterus magnate and Miniopterus
fulginosus.

A2: contains the subspecies Miniopterus schreibersii orianae, Miniopterus schreibersii
oceanensis, Miniopterus schreibersii bassanii and Miniopterus schreibersii blepotis.

Sub clade B which is divided into:
B1: contains the species Miniopterus australis and Miniopterus macroceneme.

B2: represented by the species Miniopterus pusillus, Miniopterus medius, Miniopterus
australis and Miniopterus paululus.
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Fig. 2. Phylogenetic tree reconstructed by the UPGMA method based on Cytb sequences from group
A of the Miniopterus genus using the MEGA software.
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. Clade 2 African-European: brings together 22 species which are: Miniopterus
petersoni, Miniopterus manavi, Miniopterus aelleni, Miniopterus cf. aelleni A, Miniopterus cf.
aelleni B, Miniopterus ambohitrensis, Miniopterus mahafaliensis, Miniopterus sororculus,
Miniopterus griveaudi, Miniopterus majori, Miniopterus gleni, Miniopterus griffithsi,
Miniopterus africanus, Miniopterus mossambicus, Miniopterus newtonii,
Miniopterusnatalensis, Miniopterus schreibersii, Miniopterus macroceneme, Miniopterus
maghrebensis, Miniopterus fra terculus, Miniopterus minor and Miniopterus inflatus.

This clade is subdivided into 2 subclades:

Sub-clade C which is divided into:

C1: contains the species Miniopterus inflatus and the subspecies Miniopterus inflatus rufus.
C1: represents the subspecies Miniopterus schreibersii villersi.

Sub clade D which is the most branched, it is divided into:

D1.: represents a single unclassified species Miniopterus sp.

D2: contains two species Miniopterus fraterculus and Miniopterus minor.

D3: contains the species Miniopterus maghrebensis, Miniopterus schreibersii, Miniopterus
natalensis, with the subspecies Miniopterus schreibersii pallidus.

D4: includes three species Miniopterus africanus, Miniopterus mossambicus and Miniopterus
newtonii.

D5: includes three species Miniopterus gleni, Miniopterus griffithsi and Miniopterus majori.

D6: represents a species Miniopterus griveaudi and a subspecies Miniopterus griveaudi
griveaudi.

D7: includes Miniopterus mahafaliensis and Miniopterus sororculus.

D8: contains the Miniopterus species cf. aelleni B, Miniopterus ambhitrensis, Miniopterus cf.
aelleni A and Miniopterus aelleni.

D9: contains Miniopterus petersoni and Miniopterus manavi.
2. Phylogenetic tree of Cytb group B

Group B comprises all the long sequences aligned with the short sequences at the 3' position. The
relationships between the Cytb sequences within this group are illustrated in the phylogenetic tree shown
in figure 3.

According to the tree of group B of the genus Miniopterus, we noticed two main clades which are divided
into several subclades:

e Clade 1 Australasia-Asia: Brings together 5 different species which are: Miniopterus paululus,
Miniopterus medius, Miniopterus magnater, Miniopterus fuliginosus, and Miniopterus pusillus.

Sub clade A: divides into:
Al: includes the species Miniopterus magnater and Miniopterus fuliginosus.

AZ2: contains the species Miniopterus medius and Miniopterus pusillus.

Sub clade B: represents a single species Miniopterus paululus.
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Fig. 3. Phylogenetic tree reconstructed by the UPGMA method based on Cytochrome b sequences
from group B of the genus Miniopterus using MEGA.
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e Clade 2 African-European: brings together 18 different species which are: Miniopterus
petersoni, Miniopterus manavi, Miniopterus aelleni, Miniopterus cf. aelleni A, Miniopterus cf.
aelleni B, Miniopterus ambohitrensis, Miniopterus mahafaliensis, Miniopterus sororculus,
Miniopterus griveaudi, Miniopterus majori, Miniopterus gleni, Miniopterus griffithsi,
Miniopterus africanus, Miniopterus mossambicus, Miniopterus maghrebensis, Miniopterus
fraterculus, Miniopterus minor and Miniopterus inflatus.

Sub-clade C: divides into:

C1: contains the subspecies Miniopterus schreibersii palludis.

C2: includes the species Miniopterus maghrebensis and the subspecies Miniopterus
schreibersii schreibersii.

Sub clade D: it is the most branched, it is divided into:

D1.: represented by a single subspecies Miniopterus sp Malawi.

D2: contains the species Miniopterus petersoni, Miniopterus manavi and Miniopterus
mahafaliensis.

D3: represented by the species Miniopterus minor, Miniopterus fraterculus and the subspecies
Miniopterus inflatus rufus.

D4: includes the species Miniopterus gleni, Miniopterus griffithsi and Miniopterus majori.
D5: contains three unclassified species Miniopterus sp Mozambique (2), Miniopterus sp
Tanzania (3), and Miniopterus sp Kenya (4).

D6: represents three unclassified species Miniopterus sp Uganda (3), Miniopterus sp Kenya
(5) and Miniopterus sp Kenya (6).

D7: contains a species Miniopterus sororculus.

D8: represented by two species Miniopterus griveaudi and Miniopterus mossambicus, and one
subspecies Miniopterus griveaudi griveaudi.

D9: contains the species Miniopterus aelleni, Miniopterus cf. aelleni A, Miniopterus cf. aelleni
B, Miniopterus ambohitrensis and Miniopterus africanus.

Comparison between the phylogenetic trees obtained

The Cytb phylogenetic trees for groups A and B show a consistent placement of species into two distinct
clades:

e Clade 1: this clade contains species from Australasia and Asia.
e Clade 2: this clade primarily includes species from Africa, along with some species from
Europe.

Determination of Haplotypes

The Cytb analysis of mitochondrial DNA conducted using DnaSP revealed significant genetic diversity.
Among the 109 sequences studied, 169 polymorphic sites and 82 haplotypes were identified. Notably,
66 private haplotypes were detected, which are unique to a single population. Additionally, 16
haplotypes exhibited haplotypic diversity, each consisting of 2 to 4 identical sequences. The haplotype
diversity (Hd) within the analyzed DNA sequences was exceptionally high, measured at 0.9939.

Construction of phylogenetic networks

Haplotype networks representing the evolutionary and phylogenetic relationships among the determined
haplotypes were generated using the NetWork program. These networks revealed two haplogroups that
correspond to the different Cytb sequences studied (Fig. 4).
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Fig. 4. Haplotypic network produced by NetWork from Cytochrome b sequences of the Miniopterus
genus.

In the haplotype network, the size of each circle is proportional to the number of identical haplotypes
observed in the dataset. The branch lengths are proportional to the number of mutations between
haplotypes, with the numbers above the branches in red indicating the number of mutations. According
to Saitou (1987), the greater the difference between two homologous sequences, the larger the
evolutionary distance separating them, indicating they diverged longer ago. Conversely, the closer the
homologous sequences, the smaller the evolutionary distance. Our analysis identified two haplogroups:
Haplogroup 1, corresponding to the Australasian and Asian groups, and Haplogroup 2, corresponding
to the African-European groups.

Comparison between the results of the different software used

To evaluate the effectiveness of our study, we compared the results obtained from different
software tools. The construction of the phylogenetic tree of the Cytb gene using MEGA allowed us to
observe a distribution of species into two clades: the Australasian-Asian clade and the African-European
clade. These results were consistent with the haplotypic networks generated by the NetWork program,
which also showed two major haplogroups corresponding to the same geographical distribution
presented in the phylogenetic tree.

Nicole (2008) emphasized that localized analyses on haplotypic networks offer more precision, leading
us to validate our results through the Cytb gene haplotypic networks. According to Saitou and Nei
(1987), haplotypic diversity (Hd) is defined as the probability that two genes drawn at random from a
sample are identical. This is represented in our phylogenetic tree by the placement of identical sequences
within the same clade and in the NetWork program by circles proportional to the number of identical
haplotypes or points for unique haplotypes.

MEGA is a comprehensive tool for statistical analysis of DNA and protein sequences, offering
functionalities such as sequence alignment and phylogenetic tree construction (Tamura et al., 2011).
NetWork, on the other hand, excels in reconstructing phylogenetic networks, estimating ancestral types,
and visualizing evolutionary relationships (Forster and Forster, 2020). By using both tools, we were able
to cross-validate our findings and ensure robust phylogenetic inferences.
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Phylogenetic relationships between species of the genus Miniopterus

Our examination of the overall taxonomy among Miniopterus reveals two monophyletic clades, each
geographically separated. According to Burland et al. (1999), McCracken et al. (1994), and Petit et al.
(1999), this separation indicates that gene flow occurs within distinct geographic areas.

1. Phylogenetic relationships within the Australasia-Asia clade

This clade is well-defined, containing monophyletic groups distributed across Australia, New Guinea,
and Asia. Notably, M. fuliginosus from Japan is closely related to M. magnater, suggesting significant
differences in cranial and dental characteristics, as reported by Li et al. (2015). Christidis et al. (2014)
proposed that Australian M. schreibersii are derived from their Spanish counterparts, leading to
divergences and the emergence of new subspecies: M. schreibersii oreanae, oceanensis, bassani, and
blepotis. Cardinal and Christidis (2000) highlighted the morphological distinctiveness of these
subspecies. Furthermore, the close relationship between M. macrochneme and M. australis with other
Asian species (M. paululus, M. pusillus, and M. medius) is affirmed by Kitchener and Suyanto (2002),
indicating that these species appear as sister taxa.

2. Phylogenetic relationships within the African-European clade

This clade encompasses the majority of Miniopterus species, predominantly consisting of endemic
Malagasy fauna, which includes a mixture of taxa from Africa and Madagascar. We identified five deep
lineages among Malagasy species, each forming a monophyletic group:

D5: M. majori, M. gleni, M. griffitsi

D6: M. griveaudi

D7: M. mahafaliensis, M. sororculus

D8: M. manavi, M. petersoni

D9: M. aelleni, M. aelleni A, M. aelleni B, M. ambohitrensis

The species in lineage D8 are identified as sister species and morphologically distinct, linked to a group
of five genetically distinct species from Madagascar (Miniopterus sp. Madagascar species 5, 6, 7, 8, and
9) as shown in the tree constructed by Christidis et al. (2014). The adaptive radiation of Malagasy
Miniopterus is evidenced by their genetic diversity and morphological character overlap, necessitating
species identification based on molecular sequence analysis.

Regarding African species, they diverge into two monophyletic groups:

Group C: contains M. inflatus

Group D: includes several subgroups:

D2: M. fraterculus, M. minor

D4: M. africanus, M. mossambicus, M. newtonii

D3: M. schreibersii (from Spain and Turkey), M. maghrebensis, M. s. pallidus (from Lebanon), M.
natalensis, and the subspecies M. s. pallidus, suggesting they share a common ancestor despite the
geographical distances.

Demos et al. (2019) indicated that M. schreibersii forms a paraphyletic species complex, with at least
seven different species and subspecies in Europe, Asia Minor, and North Africa, except for the
subspecies M. s. villersi, which is not closely related to M. schreibersii.

Corrected phylogenetic tree

Using the Blast bioinformatics platform on GenBank (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
allowed us to find similar regions between two or more nucleotide sequences, by comparing the regions
homologs we were able to identify unclassified species nicknamed sp species in the phylogenetic trees
that we obtained. The final presentation of our corrected global tree is shown in the following figure 5.

32



Derouiche et al 2024, Genet. Biodiv. J, 2024; 8 (2): 23-36

DOI: 10.46325/gabj.v8i2.395

Miniopterus
Miniopterus
Miniopterus
Miniopterus

manavi Madagascar (3)
manavi Madagascar (4)
manavi Madagascar (9)
manavi N =] 5)

Miniopterus
Miniopterus
Miniopterus
Miniopterus

petersoni Madagascar 1
petersoni Madagascar 2
manavi Madagascar 1
manavi Madagascar 2

Mir us
Mini us

Miniopterus

Miniopterus

Miniopterus
Min us

sp 7
manavi Madagascar (6)
manavi Madagascar (2) sp
manavi Madagascar (8)
manavi Madagascar (10)

of. ni B N 1)

Miniopterus

Miniopterus

of. ni B

ambohitrensis Madagascar

Mir us

Miniopterus

. W AN
of. aelleni A Comores

Mir us
Mini us

i Mac 1

ni M 2

Miniopterus
Miniopterus

Mir us
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus

Miniopterus
Miniopterus

—_— |: Miniopterus
Miniopterus

Miniopterus

Miniopterus
Miniopterus
Miniopterus
Miniopterus

Miniopterus

mahafaliensis Madagascar 1
mahafaliensis Madagascar 2
sororculus Madagascar 1
Sororculus Madagascar <4
sororoulus Madagascar 2
Sororculus Madagascar 3
Griveaudi Comores

griveaudi griveaudi Madagascar
griveaudi griveaudi Comores 1
griveaudi griveaudi Comores 2
majori Madagascar 1

majori Madagascar 2

gleni Madagascar 3

gleni Madagasca 2

gleni Madagascar 1

griffithsi Madagascar 3
griffithsi Madagascar 1
griffithsi Madagascar 2

74 Miniopterus
09 Miniopterus

mossambicus Tanzania (3)
mossambicus Kenya (4) spP

Mir us

mbique (2)

Aafricanus Kenya

africanus Kenya (7)| sp

on Miniopterus
as [_:|Minioptorus

Miniopterus

africanus Comores

67 Mir us

Miniopterus
Miniopterus
Miniopterus

o T is Kenya
mossambicus Mozambique
mossambicus Tanzania
mossambicus Congo

"
Miniopterus

opterus

mossambicus Uganda 3] g,
mossambicus Kenya (6)

G i Sao Tome

1s Uganda (2) ] spP

Nir us
[Mir us T v
Mir us

76 Miniopterus

26 Miniopterus
Miniopterus
Min us

18

Miniopterus
Miniopterus
zs ™M opterus

09 Miniopterus
Miniopterus
Miniopterus
Miniopterus
Min us

ze 70

Mir us

o T s
maghrebensis Maroc
maghrebensis Libye
schreibersi Espagne
schreibersii pallidus Lebanon
schreibersii Turkie
schreibersii pallidus Palestine
natalensis Afrique du Sud 1
natalensis Afrique du sud 2
fraterculus Afrique du Sud 2
fraterculus Afrique du Sud 3
fraterculus Afrique du Sud 4
fraterculus Afrique du Sud 1
fraterculus Swaziland

minor Kenya

aa

i Miniopterus
o r—_:IMlnloplerus

minor Kenya (3)| s

Miniopterus

minor Tanzania

Miniopterus
Miniopterus
Miniopterus
Miniopterus

minor Tanzania (2)
minor Kenya (1)
minor Uganda (1)
minor Tanzania (1)

Miniopterus

minor Burundi

[Min us

gleni Kenya (5| sp

iopterus

iopterus
Miniopterus
Miniopterus
PPy Minioptarus

schreiber: villier: Liberia

inflatus Gabon
inflatus rufus Liberia
inflatus rufus Kenya
inflatus Kenya

ET) [Miniopterus

inflatus rufus Kenya (2)| sp

Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus
Miniopterus

pusillus Inde
pusillus Chine
medius Malaisie
australis Vanuatu
paululus Philippines
Australis Australie
macroceneme Papouasie Nouvelle Guin
schreibersii oceanensis Australie
schreibersii orianae Australie 1
schreibersii orianae Australie 2
schreibersii bassanii Australie
schreibersii Papouasi Nouvelle Guinee
schreibersii blepotis Nouvelle Guinie
magnater Chine

magnater Malaisie

magnater Inde

schreibersii Philippines

schreibersii Chine

schreibersii Australie

fuliginosus Japan

schreibersii Japan

Clade?

>o

Clade]

Fig. 5. Final corrected phylogenetic tree based on Cytochrome b sequences.
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Miniopters in Algeria

Only one species of the Miniopterus genus has been determined in Algeria, it is Miniopterus
schreibersii (Kowalski and Rzebick-Kowalska, 1991), this species is inventoried in several works
including the works of Khelfaoui (2018), Bendjoudi (2019), Ahmim (2019) and Messaoud (2021). A
new cryptic species found in sympatry with Miniopterus schreibersii was determined in North Africa,
the latter seem similar for this reason the identification of the new species Miniopterus maghrebensis
was based on molecular, cranial and dental analyzes. Molecular analyzes of Miniopterus maghrebensis
have not been established in Algeria, but given its distribution area which extends to several regions in
Morocco and Tunisia, as well as their ability to migrate to other ecological niches this species is probably
present in Algeria (Puechmaille et al., 2014).

Conclusion

Phylogeny is an essential procedure for tracing the evolutionary history of organisms at all
taxonomic levels. This analysis is also of great importance for clarifying the evolutionary patterns of
species and for understanding adaptive evolution at the morphological and molecular level. Our
phylogenetic study was developed using various bioinformatics software (MEGA, DnaSP, NetWork)
applied to Cytb DNA sequences extracted from GenBank.

The results obtained by DnaSP to a large extent confirm the results of MEGA, whose identical sequences
of each haplotype of different species correspond to the same clade in the phylogenetic tree. We also
noticed that the results obtained by NetWork are comparable with MEGA, they showed the existence of
two haplogroups for the Cytb gene represented by two distinct and geographically separated clades
which are the African-European clade which includes the majority of species organized in monophyletic
groups and distributed in the Malagasy region as well as in Sub-Saharan Africa and Europe. The second
Australasian-Asia clade of monophyletic groups is distributed across regions of Australia and islands
surrounding Asia. A single species Miniopterus schreibersii is classified in Algeria as a sister species to
with European Miniopterus schreibersii, thus a new cryptic species Miniopterus maghrebensis was
detected in Tunisia and Morocco, according to its distribution area we assume that the latter is present
in Algeria but no work has been carried out on this subject to date.
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