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Abstract. The taxonomic status of the Turanian serotine Eptesicus serotinus turcomanus is still debat-
able. To examine the pattern of genetic variation in E. s. turcomanus and E. s. serotinus from SE Europe
we analyzed sequence data on mitochondrial cytb gene and introns of THY and SPTBN genes. The
cytb results do not reveal any substantial difference between E. s. turcomanus and E. s. serotinus from
southern Russia. In contrast to that, the data on both nuclear genes indicate moderate differentiation
between eastern and western populations and, at the same time, suggest the existence of gene flow
between them. Several population history hypotheses can be proposed to explain the pattern. However,
regardless of the scenario, our results demonstrate the lack of genetic isolation between E. s. serotinus
and E. s. turcomanus and, therefore, contradict the species status for the latter.
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Introduction

The common serotine, Eptesicus serotinus (Schreber, 1774), is one of the most widely distributed
Palacarctic bat species, occurring from westernmost Europe to northern Indochina and Taiwan
(Bobrinskij et al. 1965, Corbet 1978, Corbet & Hill 1992, Simmons 2005, Smith & Xie 2008).
Such a large distribution range correlates with pronounced geographical variation, with about ten
subspecies being currently recognized (Simmons 2005); presumably two of them are present in
the Russian fauna (Strelkov & Iljin 1992).

However, recent studies, and primarily those based on molecular data, demonstrated signifi-
cant heterogeneity within E. serotinus sensu lato suggesting that this name might correspond to
a complex of cryptic species (Ibafiez et al. 2006, Mayer et al. 2007). The separate species status
of one of these forms — E. isabellinus (Temminck, 1840) — has been confirmed by several studies
and accepted by most specialists (Benda et al. 2004, Garcia-Mudarra et al. 2009, Ibafiez et al.
2006).

The so-called Turanian serotine, E. s. turcomanus (Eversmann, 1840) was described from the
territory of Kazakhstan, “in between the Aral and Caspian seas” (cf. Ognev 1928, Pavlinov & Ros-
solimo 1987), probably, from the northern slopes of the Ustyurt Plateau (see Sokolov & Shishkin
2005). Considered a full species in the original description, it is now regarded as a subspecies of E.
serotinus. Traditionally E. s. turcomanus was distinguished from the nominotypical subspecies by
smaller skull size and paler skin and fur coloration (Bobrinskiy et al. 1965, Ognev 1928, Gaisler
1970). Both subspecies occur in the European part of Russia, their distribution being parapatric
in the Lower Volga region (Iljin et al. 2002, Strelkov & Iljin 1992). Benda et al. (2006) analyzed
craniodental measurements of West Asian serotines and confirmed that E. s. furcomanus is a well-
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differentiated subspecies of E. serotinus. Smirnov & Yanyaeva (2003) conducted a colorimetric
analysis of fur color; according to these authors, populations assigned to E. s. turcomanus are
significantly different from the typical serotine despite high color variation within certain popu-
lations. Finally, based on the results of inter-SINE PCR analysis, it was suggested to elevate the
Turanian serotine to the species rank (Mateveev 2003); the same conclusion was supported by
some mtDNA studies (Juste et al. 2010, Benda et al. 2011). Contrary to that, our previous molecular
results (Artyushin et al. 2009) did not reveal any significant difference between E. s. serotinus and
E. s. turcomanus in southern Russia, this being in sharp contrast to huge mtDNA differentiation
between Russian and West European E. serotinus s.str. The latter phenomenon was explained by
mtDNA introgression from a different species — E. nilssonii (Keyserling et Blasius, 1839) — which
affected only the European populations of E. serotinus (Artyushin et al. 2009).

Given this background, one has to conclude that the status of the Turanian serotine still requires
clarification. In our study we addressed this issue based on the sequence data for one mitochondrial
and two nuclear genes.

Material and Methods

In our analyses we used 67 Eptesicus serotinus s.l. tissue samples from museum vouchers and our tissue sample col-
lection. We also used our previously obtained sequences deposited in the GeneBank. For sampling localities, voucher and
GeneBank accession numbers see Appendix.

Genomic DNA was isolated from ethanol-fixed liver, kidney or muscles by proteinase K digestion, phenol-chloroform
deproteinization and isopropanol precipitation (Sambrook et al. 1989). The whole of the mitochondrial cyth gene (1140
bp) was amplified by polymerase chain reaction (PCR) with the forward/reverse primer combination L14734/H15395 pip;
in cases when DNA was degraded, fragments of cyth were amplified using the internal primers Ept 1.486 and Ept H602
(Artyushin et al. 2009). For amplification of intron 2 and exon 3 of THY gene and intron 13 of SPTBN gene we used
primers designed by Eick et al (2005).

The conditions of the double-stranded PCR for cytb and introns amplification included the initial denaturation at 94 °C
for 3 min, 35 cycles of 94 °C for 30 s, annealing at 57 °C for cytb, 59 °C for THY and 71 °C for SPTBN during 1 min,
and extension at 72 °C for 1 min, followed by a final extension at 72 °C for 10 min, and indefinite storage at 4 °C. PCR
products were visualized on 1% agarose gel and then purified using DEAE Watman or NH,EtOH.

Approximately 1040 ng of the purified PCR product were used for sequencing with each primer by the ABI 3100-
Avant autosequencing system using ABI PRISM®BigDyeTM Terminator v. 3.1.

Sequences were aligned by eye in Bioedit (v. 7.0.9; Hall 1999). For allelic phase reconstruction, Phase 2.1 (Stephens
et al. 2001, Stephens & Donnelly 2003) was used. Total alignment length for THY and SPTBN genes was 498 bp and
540 bp, respectively.

The SPTBN alignment contained informative gaps which were recoded and treated as nucleotide substitutions in
subsequent analysis. For haplotype frequency analysis we divided our sample into 8 geographical groups (Fig. 1). Three
eastern samples (ASTR, KAZ and UZB) include specimens which are identified as E. s. turcomanus based on morpho-
logical criteria. Four other geographical samples (KRSN, SAM, BRYA, UKR) represent the nominotypical subspecies.
Most of specimens from the Volgograd region (VOLG) belong to E. s. serotinus; however, the attribution of several
specimens is ambiguous.

Statistical parsimony networks were drawn by TCS v1.21 software (Clement et al. 2000) using default settings.

NJ trees and inter-population net-distance matrices were calculated in MEGA version 5 (Tamura et al. 2011) based on
uncorrected p-distances between haplotypes. The matrix of net-distances between geographical populations was factored
using the principal coordinate method as implemented in NTSY'S 2.0 (Rohlf 1998)

Results and Discussion

Haplotype network analysis for both genes yielded distinct groupings: two groups for THY (TA,
TB) and three groups for SPTBN (SA, SB, SC) (Fig. 2). The NJ trees also contain most of these
groupings, but with moderate to low support (Fig. 3).
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Fig. 2. A haplotype network generated from
phased alleles of THY (A) and SPTBN (B) using
statistical parsimony in TCS 1.21 with default
settings. Small open circles indicate unsampled
intermediate haplotypes. Size of nodes
corresponds to the number of specimens of each
haplotype. Different symbols represent different
population groups (see legend in Fig. 1).
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Fig. 3. The NJ tree inferred from reconstructed
THY (A) and SPTBN (B) alleles (p-distance).
Values at nodes correspond to bootstrap supports
over 1000 replicates. Brackets denote allele
groups which correspond to those in Fig. 2.
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Table 1. Net-distance between different species and populations of Eptesicus. Distance values in rows 1 and
2 were calculated as the weighed mean of interpopulation net-distances with weights corresponding to sample
sizes

net distance (%) THY SPTBN cytb
E. s. serotinus — E. s. turcomanus 0.13 0.70 0.150
E. serotinus — E. nilssonii 0.43 1.58 5.770
within E. nilssonii (western — eastern populations) 0.00 0.00 1.700
(E. s. serotinus — E. s. turcomanus) | (E. serotinus — E. nilssonii) 0.31 0.44 0.026

As can be seen in Fig. 2, neither of the two loci can be used to diagnose between E. s. serotinus
and E. s. turcomanus. The most common allele groups such as TB and SC are distributed throughout
the examined range. Moreover, a number of alleles (THY-Eser2, SPTBN-Eser20, SPTBN-Eser18)
are shared by geographically distant eastern and western populations. For example, the haplotype
THY-Eser2 is found in Ukraine, in the Bryansk, Volgograd and Krasnodar regions as well as in
the Astrakhan region and Kazakhstan.

At the same time, the data indicate a certain level of differentiation between eastern (ASTR,
KAZ and UZB) and western (KRSN, VOLG, SAM, BRYA, UKR) populations manifested pri-
marily as the difference in haplotype group frequencies (Fig. 4). Thus, the SC and TB groups are
obviously more frequent in eastern and western populations, respectively, while the SC group is
restricted to the latter.

The same pattern of inter-population variation is evident from the results of the principle coor-
dinate analysis (Fig. 5). The eastern populations (ASTR, KAZ, UZB) are clearly separated from
most of the western ones (SAM, BRYA, UKR) with VOLG (in case of THY) or KRSN (in case
of SPTBN) occupying intermediate positions. It can be concluded that genetic distances between
populations roughly correspond to geographical distances, with the distance between adjacent
VOLG and ASTR being, however, disproportionately large.

In contrast to nuclear genes, the mtDNA shows a little geographical variation. All native
(non-introgressed) haplotypes from both western and eastern populations constitute a single
shallow clade (Fig. 6). As evident from the values of net-distances (Table 1), there is an apparent
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Fig. 4. Distribution of allele groups in different geographical samples. All designations follow Fig. 2.
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Fig. 5. The plot of the first two principal coordinates (% and %) produced by the analysis of net-distance matrix
calculated from THY (above) and SPTBN (below) data.
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Fig. 6. The NJ tree inferred from reconstructed cytb haplotype data (p-distance). Values at nodes correspond to boot-
strap supports over 1000 replicates.
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discrepancy in the levels of genetic differentiation between E. s. serotinus and E. s. turcomanus
as assessed from the nuclear versus mitochondrial data. Nuclear genes suggest a much higher
divergence between the two forms relative to the distance between E. serotinus and E. nilssonii
or within the latter.

The observed discordance between nuclear and mitochondrial gene markers can be explained
by several scenarios. One of them implies that, in correspondence to the mtDNA data pattern,
the two forms have diverged quite recently. Then, the apparently excessive variability in nuclear
genes might be explained by high ancestral polymorphism. This hypothesis is in agreement with
the fact that £. s. serotinus and E. 5. turcomanus are very similar morphologically with size, skull
shape and pelage coloration being the main discriminative features.

At the same time, nuclear data tentatively support subdivision into two distinct groups of
populations (despite the fact that their gene pools share many common alleles). Based on that,
one can hypothesize that the ancestors of E. s. serotinus and E. s. turcomanus were once separated
and, for some time, the two lineages evolved in isolation from each other having differentiated
finally to the level of distinct subspecies. At a later stage, a secondary contact zone was formed,
presumably as a result of postglacial range expansion. According to this scenario, the pattern of
spatial variation in nuclear genes (a steep cline in the Lower Volga region) is best explained by the
effect of recent and/or on-going hybridization between the two forms. In this case, the low level
of mtDNA differentiation can be accounted for by mtDNA introgression from one subspecies to
the other followed by rapid fixation of alien haplotypes (say, due to a selective sweep).

Both scenarios remain speculative and should be tested based on a larger number of genes
and sampling localities. At the same time, regardless of which hypothesis is correct, the observed
pattern of genetic variation indicates a lack of genetic isolation between E. s. serotinus and E. s.
turcomanus and, hence, does not support species status for the latter taxon.
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