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INTRODUCTION

In modern studies on the phylogeny and taxonomy
of the intraorder level, the role of PCR-based molecular
markers has significantly enhanced. The examples are
molecular markers obtained using the following meth-
ods: RAPD, which detects randomly amplified poly-
morphic DNA fragments in PCR with a single arbitrary
primer [1]; SSR–PCR, which enables one to amplify
DNA fragments situated between microsatellites [2];
and AFLP, which represents the results of selective
amplification of restriction fragments of genomic DNA
and combines the potentialities of RFLP and PCR [3].
The search for universal markers that are applicable for
both diagnostic and phylogenetic purposes is continued.

In this work, we report the results of using one more
variety of fingerprinting, which is related to short inter-
spersed elements (SINEs). We used this method, inter-
SINE–PCR, in the studies of taxonomic relationship in
mammals. SINEs (short interspersed elements, short ret-
roposons) are repeated 80- to 400-bp DNA sequences,
tens and even hundreds of thousands copies of which
are dispersed throughout the genome [4–6]. SINEs are
transcribed by RNA polymerase III, and the reverse
transcription of the newly formed low-molecular-
weight RNA can result in the formation of new SINE
copies. The overwhelming majority of SINE families
originate from tRNA molecules, which was established
from the similarity between the nucleotide sequences
of tRNA and the head part of SINEs. The tail part of
SINEs is usually formed by an A-rich sequence,
whereas the central part is quite different in different

SINE families. The presence or absence of a SINE fam-
ily in a genome is a perfect synapomorphy, because,
once appeared, the SINE family is preserved in all later
separated branches of the given stem of the evolution-
ary tree [7, 8]. Another perfect synapomorphy is the
presence or absence of some SINE copies in certain loci
of the genome. These traits were successfully used in
phylogenetic studies of mammals and fish [9, 10].
However, this approach is labor-consuming and expen-
sive.

Another approach to phylogenetic studies that is also
based on using SINEs is considerably easier and less
expensive. This method, inter-SINE–PCR, consists in the
amplification of fragments situated between SINE copies
situated at a relatively small (100 to 1000 bp) distance
apart (Fig. 1). For the first time, restriction polymor-
phism of DNA fragments flanked by short interspersed
repeats was investigated in the study of 

 

Alu

 

-polymor-
phism in the human genome (so-called 

 

Alu

 

–PCR or
IRS–PCR [11]). Later, polymorphism of other short
interspersed repeats was studied in the mammalian
order Artiodactyla [12]

Our attention was drawn by a SINE family named
the mammalian interspersed repeat (MIR), which is
represented by 10

 

5

 

 copies probably in all mammalian
genomes [13–15]. The MIR elements represent one of
the most ancient of known SINE families, which is
indicated by their wide distribution and an extremely
high (up to 50%) divergence of their copies. The latter
fact also indicates that, in contrast to other known
SINEs, MIR stopped multiplying long ago. Apparently,
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Abstract

 

—Results of the use of the fingerprinting method related to short interspersed elements (SINEs), inter-
SINE–PCR, in the study of phylogenetic and taxonomic relationship in mammals from orders Chiroptera (fam-
ily Vespertilionidae) and Lipotyphla (family Erinaceidae) are reported. The inter-SINE–PCR method is based
on the amplification of fragments situated between copies of SINEs, which are short retroposons spaced 100 to
1000 bp apart. Specifically selected primers were used, which are complementary to consensus sequences of
two short retroposons: the mammalian interspersed repeat (MIR), which is typical of all mammals and some
other vertebrates, was used in the cases of bats and Erinaceidae, and the ERI-1 element recently isolated from
the genome of the Daurian hedgehog was used in the case of Erinaceidae. The results support the current view
on phylogenetic relationship between hedgehogs belonging to genera 

 

Erinaceus, Hemiechinus

 

, and 

 

Paraechi-
nus

 

 (but not the genus 

 

Atelerix

 

). In bats, the phylogenetic reconstruction revealed a statistically valid topology
only at lower taxonomic levels, whereas the topology for the genus and supragenus ranks was unresolved and
fan-shaped. The benefits and limitations of the inter-SINE–PCR method are discussed.
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because of the ancient origin, full-sized MIR copies
(260 bp in length) occur relatively seldom. As a rule,
the copies are lacking one or both termini, and the
majority of these copies are represented by the only
central region (core sequence), 70 bp in length, for
which the reasons are not clearly understood. Differ-
ences in the patterns of inter-SINE–PCR products are
caused by both mutations in the copies of these repeats
per se and deletions and insertions in DNA regions sit-
uated between the copies.

To date, the inter-SINE–PCR method was used only
for the studies of phylogeny in Artiodactyla [16]. The
objects of our study were mammals belonging to two
orders: Lipotyphla and Chiroptera. In addition to the
MIR elements, we studied a short retroposon ERI1
(158 bp in length), which is specific of only the family
Erinaceidae and has recently been isolated from the
genome of the Daurian hedgehog 

 

Hemiechinus dauuri-
cus

 

 [17]. Note that such SINEs, which are characterized
by a narrow distribution range and a relatively low
divergence of copies, were never used in phylogenetic
studies conducted by the inter-SINE–PCR method
before our work.

According to recent data of molecular macrotaxon-
omy [18, 19], true insectivorous mammals Eulipo-
typhla and bats Microchiroptera represent a monophyl-
etic group, whereas they greatly differ in the direction
of radiation. Ancient insectivorous mammals were a
very generalized group, which allowed them to become
ancestral forms for most of latest placental animals.
From their origin till the present, Chiroptera have been
related to the most specialized mammals, while some
of them, e.g., bats, preserved some particular morpho-
logical features that bring these bats closer to insectiv-
orous mammals [20]. Among Lipotyphla, the most
ancient family is Erinaceidae. So far, no consensus
exist on the number of genera and species of this fam-
ily. The largest bat family, Vespertilionidae, is also the
most taxonomically confused. All of the above has
motivated a comparative study of these two taxa.

MATERIALS AND METHODS

 

Samples.

 

 In Lipotyphla, we examined 39 hedgehogs
(subfamily Erinaceinae) and 2 gymnures (subfamily

Hylomyinae); in Chiroptera, 40 vespertilionid bats
(family Vespertilionidae), 2 bats of different horseshoe
bat species (family Rhinolophidae), and 2 bulldog bats
(family Molossidae). The description of samples is
given in Table 1.

 

DNA isolation.

 

 DNA was isolated from ethanol-
fixed tissues (muscles, testes, kidneys, and liver) by
phenol–chloroform extraction following the treatment
of tissue homogenates with pronase [21].

 

Conditions of inter-SINE–PCR.

 

 Inter-MIR–PCR
(hereafter, MIR–PCR) was conducted using one or two
primers that were complementary to the most con-
served region of the central core sequence of the MIR
element [14]: MIR17, 5'-AGTGACTTGCTCAAGGT-3',
and MIL17, 5'-GCCTCAGTTTCCTCATC-3' (Fig. 1).
Primers (100 pmole each) were labeled with [

 

γ

 

32

 

P

 

]-ATP
(1 MBq) by polynucleotide kinase [22]. PCR was con-
ducted in 20 

 

µ

 

l of a reaction mixture containing 10 mM of
a Tris–HCl buffer, pH 8.3; 50 mM KCl; 2.5 mM MgCl

 

2

 

;
0.001% gelatin; dNTPs, 0.2 mM each; 4 pmole of each
primer; 1 EU of 

 

Taq

 

 polymerase (Sileks); and 25 ng of
DNA template. The conditions of MIR-specific PCR
corresponded to an earlier described schedule [14]:
denaturation, 30 s at 94

 

°

 

C; annealing, 45 s at 56

 

°

 

C; and
elongation, 2 min at 72

 

°

 

C. The number of cycles was 27.
The initial denaturation and final synthesis lasted for 3
min at 94

 

°

 

C and 5 min at 72

 

°

 

C, respectively.

In ERI–PCR, we used the primer that was comple-
mentary to the fore end of the ERI1 element (5'-CCAC-
CTCCC(G/A)GGACCAC-3') [17] and initiated DNA
synthesis in the direction upstream of the SINE. The
primer was labeled as described above. In the experi-
ments with ERI1, a consistently reproducible pattern
was obtained upon increasing the annealing tempera-
ture by 5

 

°

 

C as against the calculated temperature. As a
result, PCR was conducted under the following condi-
tions: denaturation, 30 s at 94

 

°

 

C; annealing, 45 s at
65

 

°

 

C; and elongation, 2 min at 72

 

°

 

C. The number of
cycles was 27. The initial denaturation and final synthe-
sis lasted for 3 min at 94

 

°

 

C and 5 min at 72

 

°

 

C, respec-
tively.

All PCR procedures were conducted in an MJ
Research thermal cycler (MJ Research, United States).
PCR products were denaturated and separated by elec-

 

Genomic
DNA

PCR
products

 

MIR MIR MIR MIR

 

locus

 

 1

 

locus

 

 2

 

locus

 

 3

MIL17 MIR17 MIL17

MIL17MIR17MIL17

 

Fig. 1.

 

 Scheme of SINE–PCR. Four MIR element copies are shown, of which three are oriented in one direction and one in the other.
Thin arrows indicate primers MIL17 and MIR17, which are complementary to different DNA strands. Taken separately, each of the
primers ensures the amplification of the regions situated between tail-to-tail- or head-to-head-oriented MIR element copies (locus
1 or locus 2, respectively). Simultaneous presence of both primers in the reaction mixture ensures the amplification of the fragment
flanked by equally (tail-to-head) oriented MIR element copies (locus 3).
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Table 1.  

 

Description of material

Sample 
no. Species

N
um

be
r

of
 a

ni
m

al
s

st
ud

ie
d Localities

Lipothyphla
1–14

 

Erinaceus roumanicus

 

14 Kaluga oblast, Ryazan’ oblast (Solotcha), Moscow oblast (Nikolina Gora),
Bryansk oblast (Katalino and Vyshkov), Stavropol’ krai, Kabardino-Balkaria 
(Nal’chik), and Dagestan

15–21

 

E. concolor

 

7 Azerbaijan (Lenkoran’), Abkhazia (Gudauty), Turkey*, and Israel (Haifa)*
22–27

 

E. europaeus

 

6 Moscow oblast (Nikolina Gora and Krasnogorsk), Tver’ oblast (Kolchevatiki 
and Krutitsy), and United Kingdom (Norwich)*

28

 

E. amurensis

 

1 Primorskii krai (Ussuriisk raion)
29

 

Atelerix frontalis

 

1 South Africa**
30

 

A. algirus

 

1 Gran-Canario (Las Palmas)
31

 

A. albiventris

 

1 Senegal (Dakar)*
32–33

 

Paraechinus aethiopicus

 

2 Saudi Arabia (Òumamah)*, Saudi Arabia**
34

 

P. hypomelas

 

1 Turkmenistan
35

 

Hemiechinus dauuricus

 

1 Buryatia
36–37

 

H. auritus

 

4 Turkmenistan (Kara-Kala and Babarab) and Stavropol’ krai (Stepanovskoe)
40

 

Neotetracus sinensis

 

1 Vietnam***
41

 

Hylomys suillus

 

1 Thailand (Chaiyaphum)**
Chiroptera

1–3

 

Pipistrellus nathusii

 

3 Moscow oblast and Byelorussia
4

 

P. pipistrellus

 

1 Krasnodar krai (Tuapse raion)
5–6

 

P. kuhli

 

2 Volgograd oblast (Mikhailovskii raion)
7

 

P. abramus

 

Vietnam (Hanoi)
8

 

Hypsugo pulveratus

 

1 Vietnam (province Binh Quan)
9

 

H. savii

 

1 Primorskii krai
10

 

Nyctalus noctula

 

1 Volgograd oblast (Mikhailovskii raion)
11–12

 

N. leisleri

 

2 Volgograd oblast (Mikhailovskii raion)
13

 

Vespertilio sinensis

 

1 Chita oblast (Daurian Reserve)
14

 

V. murinus

 

1 Obtained from captivity
15

 

Eptesicus serotinus

 

1 Kabardino-Balkaria (Nal’chik)
16–17

 

Scotomanes ornatus

 

2 Nepal (Annapurna), Vietnam
18

 

Hesperoptenus blanfordi

 

1 Cambodia (Phnom Bokor)
19

 

Miniopterus schreibersii

 

1 Nepal (Annapurna)
20–21

 

M. sp.

 

2 Cambodia (Phnom Bokor)
22

 

M. inflatus

 

1 Ethiopia (province Bale)
23

 

Plecotus auritus

 

1 Volgograd oblast (Mikhailovskii raion)
24

 

P. balensis

 

1 Ethiopia (province Bale)
25

 

Barbastella leucomelas

 

1 Tajikistan (Khujand)
26

 

Myotis montivagus

 

1 Vietnam
27

 

M. annamiticus

 

1 Vietnam (province Binh Quan)
28–29

 

M. daubentoni

 

2 Moscow oblast (Tuchkovo)
30–32

 

M. muricola

 

3 Cambodia (Phnom Penh and Kampot) and Nepal
33

 

M. csorbai

 

1 Nepal (Annapurna)
34

 

M. ikonnikovi

 

1 Primorskii krai (Ussuriisk raion)
35

 

M. nattereri

 

1 Moscow oblast (Tuchkovo)
36

 

M. blythi

 

1 Georgia
37

 

M. dasycneme

 

1 Moscow oblast (Tuchkovo)
38

 

M. brandti

 

1 Moscow oblast (Tuchkovo)
39

 

M. mystacinus

 

1 Krasnodar krai (Tuapse raion)
40

 

Harpiocephalus mordax

 

1 Cambodia (Phnom Bokor)
41

 

R. ferrumequinum

 

1 Krasnodar krai (Adler raion)
42

 

Rhinolophus affinis

 

1 Ethiopia (province Bale)
43–44

 

Chaerephon plicata

 

2 Cambodia (Phnom Bokor)

 

    * The material for DNA isolation was kindly presented by F. Santucci (School of Biological Sciences, University of East Anglia, Nor-
wich, UK).

  ** The material for DNA isolation was kindly presented by F.M. Catzeflis (Institut des Sciences de 

 

l

 

’

 

Evolution, Universit

 

 Montpellier,
France).

*** The material for DNA isolation was collected by G.V. Kuznetsov (Severtsov Institute of Ecology and Evolution, Russian Academy of
Sciences).
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trophoresis in a 6% polyacrylamide gel containing a
Tris–borate buffer and 8M urea (similar to a sequencing
gel composition). Gel length and width were 50 cm and
0.4 mm, respectively. Electrophoresis was run for 7 h at
a constant power capacity of 75 W. Dried gels were
autoradiographed by gel exposure with a Retina X-ray
film for 16 to 48 h.

 

Phylogenetic analysis.

 

 The data from fingerprints
obtained by MIR– and ERI–PCR, were compiled into a
binary matrix (where 1 or 0 are the presence or absence
of the marker, respectively), which was analyzed by the
Wagner maximum parsimony (MP) method (PAUP
software package, version 4.0b4a [23]), and by the
neighbor joining (NJ) method (TREECONW software
package [24]). Genetic distances (

 

D

 

L

 

) were calculated
according to Link 

 

et al.

 

 [25] and related to Jacquard’s
similarity index (

 

J

 

) by the following formula: 

 

D

 

L

 

 = 1 – 

 

J.

 

The Bootstrap analysis included 1000 iterations.

RESULTS AND DISCUSSION

 

Description of Primers and Characterization 
of Inter-SINE–PCR Patterns 

 

In all studied species of Erinaceidae and Chiroptera,
we obtained highly informative patterns of PCR DNA
products that contained many clearly visible bands. As
an example, Fig. 2 shows a fragment of an electro-
phoregram containing the MIR–PCR products in bats.
The top part (approximately, one-eighth) of the electro-
phoregram, which contains fragments with a length of
more than 1000 nucleotides (nt), was not analyzed and
is thus omitted from Fig. 2.

MIR copies are present in the genome in both orien-
tations. This provides the possibility of using either one
or two oppositely directed primers in the MIR-specific
PCR (Fig. 1). In the case of one primer, only oppositely
(head-to-head or tail-to-tail) oriented MIR copies are
amplified. In the case of primer MIL17, which initiates
the amplification of loci flanked by tail-to-tail–oriented
MIR copies, 100 to 200 fragments with a length of 100
to 1000 bp were detected in each bat DNA sample. In
hedgehogs, a relatively small number of fragments was
amplified using this primer (no more than 40 fragments
per sample). To increase the number of fragments in
hedgehogs, we used one more MIR-specific primer,
MIR17, which initiates the amplification of loci flanked
by head-to-head–oriented MIR copies. The concurrent
use of these to oppositely directed primers enabled us
to increase the number of fragments and to obtain
smaller fragments (90 to 1500 nt in length). In this
case, hedgehog fingerprints contained 60 to 70 bands in
each DNA sample. Apparently, this is explained by the
fact that PCR with two primers proceeds on both oppo-
sitely and identically (head-to-tail) directed copies
(Fig. 1).

In hedgehogs, we analyzed fingerprints obtained by
MIR–PCR with two primers. For 40 hedgehog DNA
samples, the number of binary characters taken into

consideration was 298. For 44 bat DNA samples, the
number of binary characters taken into consideration
was 757. Since we obtained so rich a pattern, we con-
sidered it inexpedient to increase it by introduction of
the second primer.

We found that, in ERI-specific PCR, the ERI1-spe-
cific primer sequence must be complementary to the
head part of the repeat. In this case, the amplification
proceeds on oppositely directed (head-to-head) copies.
In the attempts of using primers complementary to the
central region of the retroposon, the amplification of
tail-to-tail-oriented copies proceeded less successfully.
In this case, PCR patterns consisted of unclear, blurred
bands. We suppose that this was caused by the forma-
tion of hairpin structures because of adhesion between
long complementary regions, which are available in the
termini of PCR products in this case. Moreover, in this
variant, not only the region that is flanked by the retro-
poson but also long regions of the repeat itself are
amplified. Therefore, the PCR products contain many
fragments that are too long to be qualitatively analyzed.
In ERI–PCR with one primer, fragments with a length
of 70 to 700 nt were detected: 50 fragments in hedge-
hogs and 18 to 20 fragments in gymnures. The number
of binary traits taken into consideration was 237 for 41
samples. As in the case of MIR–PCR, fragments of
more than 700 nt were omitted from analysis.

Figures 3–5 show phylogenetic trees constructed
using the NJ method. As the topology of the NJ and MP
dendrograms was identical, the MP trees are not pre-
sented.

 

Individual and Geographical Variation 

 

In this work, we take individual variation to mean
intrapopulation variation over a limited area, for exam-
ple, within the boundaries of oblast or raion.

MIR–PCR appeared to be more sensitive in the
detection of individual variation than ERI–PCR. The
MIR–PCR patterns of all studied samples were charac-
terized by individual variation. Only three samples of
East-European hedgehogs from Vyshkov, Bryansk
oblast, were exceptions: they had identical patterns. For
samples from Bryansk oblast, genetic distance (

 

D

 

L

 

)
was 0.00 to 0.09; for samples from Stavropol’ krai, 0.02
to 0.09; for samples from Abkhasia, 0.02 to 0.10. The
samples of E. europaeus from two localities of Moscow
oblast (Nikolina Gora and Krasnogorsk) appeared to be
relatively distant from each other (DL = 0.13) (Fig. 3).

As a rule, fingerprints of individuals from geograph-
ically distant localities were more different from one
another than fingerprints of individuals from the same
locality. Apparently, such variation is related to the
interpopulation level. In most cases, DL between hedge-
hogs of the same species from geographically distant
localities varied from 0.1 to 0.35. However, genetic dis-
tance between individuals is not directly related to geo-
graphical proximity of localities. Thus, an East-Euro-
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pean hedgehog from Moscow oblast was included in
different clusters with hedgehogs from geographically
close localities (Kaluga, Ryazan’), and hedgehogs from
Stavropol’ krai unexpectedly fell into one cluster with
hedgehogs from Bryansk oblast rather than with hedge-
hogs from Nal’chik and Dagestan, which belong to the
same region. West-European hedgehogs from Moscow
and Tver’ oblast were very closely related (DL = 0.02–

0.08) and did not form any regional groups. Long-eared
hedgehogs from Stavropol’ krai and eastern and west-
ern Kopet-Dag also were not clustered in accordance
with their geographical proximity.

In bats, individual genetic distances varied over a
wide range. A remarkable fact is that genetic distances
for Pipistrellus nathusii individuals from three different
European colonies in the same geographical locality

M 1 2 3 4 5 6 M 7 8 9 10 11M12 13 1415 161718 M19 20 2122 2324 25M26 27 28 29 30 31 32M 33 3435 3637 38M 39 40414243 44M

Fig. 2. Electrophoretic fractioning of MIR–PCR products of genomic DNA in 31 bat species. Lanes correspond to the order of spe-
cies listed in Table 1. M is a marker representing the product of sequencing of plasmid pGEM7z (for one out of four nucleotides).
The markers were added once in each set of seven or eight lanes.
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were not related to the remoteness of these colonies
from one another. The genetic distance between two
P. nathusii bats, one from Vitebsk oblast and the other
from Moscow oblast, was only 0.24, whereas the dis-
tances between these bats and another P. nathusii bat
belonging to another raion of Moscow oblast was 0.41.
Two Scotomanes ornatus bats from very distant, iso-
lated populations from Nepal and Vietnam were char-
acterized by a very great genetic distance (DL = 0.51);
however, this genetic distance was lower than genetic
distances for different species belonging to the same
genus, for example, 0.85 for two Myotis species (Myo-
tis daubentoni and M. muricola). A surprisingly great
genetic distance was found between two M. muricola
individual from Nepal and two M. muricola individuals
from different regions of Cambodia (DL = 0.74). This
distance even exceeds some intraspecific genetic dis-
tances in other genera. Probably, these M. muricola
samples should be related to different species. It is
known that M. muricola is characterized by consider-
able variability of many morphological traits, and the

taxonomy of the entire Myotis genus is considered by
some authors only “preliminary” [26].

Minimum and maximum values of MIR–PCR-
based DL for hedgehogs and bats are shown in Table 2.
As seen from Table 2, individual and geographical vari-
ation is distinctly greater in bats. In both hedgehogs and
bats, a wide range of DL variation characterizes geo-
graphical variation. In bats, this type of distance exhib-
ited highest variation. In hedgehogs, the interspecific
DL distance varied in the greatest range. The results for
both taxa indicate that a genetic distance calculated
based on inter-SINE–PCR markers reflect not only the
geographical distance between individuals or popula-
tions.

Taxonomic Variation and Phylogeny 

Erinaceidae. As an outgroup, we used two gym-
nures, Neotetracus sinensis or Hylomys suillus. The
replacement of one of these outgroups by the other did
not fundamentally affect the tree topology or bootstrap
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Bryansk(402)
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Bryansk(404)
Stavropol’(65)
Stavropol’(262)

Stavropol’(66)
Stavropol’(263)

Bryansk(400)
Ryazan’

Kaluga
Nal’chik

Nikolina gora(3)
Dagestan

Turkey
Israel

Lenkoran’
Abkhasia(68)
Abkhasia(69)

Abkhasia(71)
Abkhasia(70)

United Kingdom
Tver’(1)

Nikolina gora(5)
Tver’(3)

Tver’(2)
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A. albiventris
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?(c)

A. frontalis

E. amurensis

Neotetracus sinensis

Fig. 3. NJ dendrogram of phylogenetic relationship in hedgehogs based on the MIR–PCR results. Numbers above the branches are
bootstrap indices (percent of 1000 trials); clusters with a validity of less than 50% are shown unresolved and are not provided with
bootstrap indices. Collection codes are given after sample localities in parentheses. The species Neotetracus sinensis was used as
outgroup.
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indices (BI). The trees that were constructed based on
MIR–and ERI–PCR differed in the number of resolved
clusters and in the position of Atelerix frontalis and the
A. algirus–A. albiventris cluster (Figs. 3 and 4).

In the MIR–PCR-based tree (Fig. 3), A. frontalis
with a high BI (97%) is included in the group corre-
sponding to the genus Erinaceus. Withing the genus
Erinaceus, the clusters corresponding to E. concolor
and E. roumanicus had very moderate BI (55 and 64%),
and the position of E. amurensis in relation to this spe-
cies pair and E. europaeus is uncertain (BI = 42%). The
position of the A. algirus–A. albiventris cluster is actu-
ally unresolved, because its attachment to the genus
Paraechinus was not supported by BI (34%). The same
concerns the genus Hemiechinus: the position of this
cluster on the same branch with genera Paraechinus
and Atelerix was characterized by a moderate BI of
only 47%.

In the ERI–PCR-based tree (Fig. 4), the hedgehog
genera were better resolved, which made phylogenetic
relationships among them more clear than in the case of
MIR–PCR-based tree. The genus Erinaceus was subdi-
vided into four clusters (BI = 90–100%), which corre-
spond to four species. The position of A. frontalis is

uncertain (BI = 47%). The position of the A. algirus–
A. albiventris cluster is basal in relation to all other
clusters (BI = 93%).

The species belonging to the genus Erinaceus
deserve special attention, because the species status of
forms concolor and roumanicus is debatable and far
from being accepted by all taxonomists [27]. Our
results confirm the assumption on a profound diver-
gence between East-European hedgehogs from eastern
Europe, on the one hand (form roumanicus), and from
Asia Minor and the Near East, on the other (form con-
color) [28, 29]. Apparently, these forms should be
assigned the status of species.

Taxonomically, our results indicate the following:
(1) The genus Erinaceus includes four species, because
the subspecies forms concolor and roumanicus deserve
the rank of a separate species. (2) The Daurian hedge-
hog does not deserve the rank of a separate genus, is
related to the genus Hemiechinus, and is phylogeneti-
cally distant from Erinaceus. This result confirms the
evidence obtained earlier based on another molecular
marker [30]. (3) The assignement of Brandt’s hedgehog
(Paraechinus) into the same genus with the long-eared
hedgehog (Hemiechinus) [31–33] is incorrect. (4) Of
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Fig. 4. NJ dendrogram of phylogenetic relationship in hedgehogs based on the ERI–PCR results. Designations as in Fig. 3.
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African hedgehogs studied, the South-African species
Atelerix frontalis is phylogenetically closer to the genus
Erinaceus. This conclusion is the most unexpected. By
morphological criteria, all three species of the genus
Atelerix are rather close to each other and to the genus
Erinaceus. Sometimes they are included in the latter
genus [31, 34], but more often Atelerix is considered a sep-
arate genus phylogenetically close to Erinaceus [32, 33].
A viewpoint also exist on isolating of the South-African
hedgehog A. frontalis and the Algerian hedgehog A. algi-
rus into a genus Aethechinus [35, 36]; however, other
authors do not accept it [31, 37]. Our results are in con-
tradiction with either of these variants, because only
two of these species were clustered together (A. algi-
rus–A. albiventris), and only one of them, A. frontalis,
was actually close to species belonging to the genus
Erinaceus. Thus, as follows from our data, the South-Afri-
can hedgehog represents one genus, and the Algerian and
Cenral-African hedgehogs belong to another one.

Chiroptera. A distinctive feature of bat fingerprints
was a high degree of specificity, i.e., the predominance
of unique fragments that are species-specific or shared
by species groups within the same genus over the frag-
ments discriminating the related taxa having a higher
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Fig. 5. NJ dendrogram of phylogenetic relationship in the bat subfamily Vespertilionidae based on the MIR–PCR results. The spe-
cies Rhinolophus ferrumequinum was used as an outgroup. Bootstrap indices for clusters with a validity below 50% are not shown.
Sample numbers are given in parentheses. 

Table 2.  Genetic variation estimated based on the results of
MIR–PCR in Erinaceidae and Chiroptera at different taxo-
nomic levels

Taxonomic level
of variation

DL

Erinaceidae Chiroptera

Intraspecific
individual 0.0–0.13 0.2–0.33
geographical 0.1–0.35 (0.02) 0.3–0.5

Interspecific 0.35–0.7 0.7–0.86
Intergeneric 0.75–0.84 0.9–0.96 (0.81)
Note: The cases of deviation from means are given in parentheses.
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rank, for instance, all species of this genus or genera as
such. As a result, a valid tree topology supported by
moderate and high BI was obtained only at low taxo-
nomic levels, whereas the topology at the level of genus
and supragenus was unresolved and fan-shaped
because of low BI (lower than 50%). As an outgroup,
we used a horseshoe bat species R. ferrumequinum
(Fig. 5). Within Vespertilionidae, only the isolated posi-
tion of two large sister clusters, one corresponding to
the genus Myotis (BI = 85%) and the other including all
other Vespertilionidae (BI = 65%), was valid. The iso-
lated position of Myotis agrees with karyological evi-
dence according to which the tribe Myotini has the
same rank as subfamilies. Within Myotis, the cluster, in
which M. csorbai and M. annamiticus formed a sister
group in relation to M. montivagus, was valid (with BIs
of 74 and 81%, respectively).

Within the cluster including all other Vespertilion-
idae, the isolated groups, which never the less did not
have a fixed position on the dendrogram, formed the
clusters of genera: Miniopteris (BI = 100%), Plecotus
(BI = 100), Vespertilio (BI = 94%), and Nyctalus (BI =
70%). The fact that Scotomanes ornatus and Eptesicus
serotinus fell into the same cluster (BI = 80%) is note-
worthy. The possibility of uniting these genera into one
or at least including them into one tribe is indicated by
karyological and morphological data [38, 39]. The fact
that Pipistrellus species fell into different clusters is
also interesting. One of these clusters includes three
European Pipistrellus species, P. pipistrellus–P. nathusii
(BI = 97%) + P. kuhli (BI = 61%) and the other consists
of two Asian Hypsugo species and P. abramus: H. pul-
veratus–H. savii (BI = 69%) + P. abramus (52%). The
H. pulveratus–H. savii pair was characterized by a
genetic distance typical of phylogenetically distant spe-
cies included in the same genus (DL = 0.82). This agrees
with the current idea on the taxonomic position of
H. pulveratus [40], which include this species in the
genus Hypsugo. As for European Pipistrellus species,
clustering P. pipistrellus with P. nathusii and not with
P. kuhli agrees with a conventional viewpoint on a
closer relationship between the former two species
[41]. In addition to these conclusions, the following are
also taxonomically valuable: Myotis bats deserve the
rank of a separate subfamily (Myotinae); Murininae
and Miniopterinae do not deserve the rank of indepen-
dent families; M. muricola samples from Nepal and
Cambodia are related to different species.

Some Specific Features, Benefits, and Limitations
of the Inter-SINE–PCR Method 

Recently, the RAPD markers become widespread in
molecular systematics. However, the RAPD finger-
prints are not always reproducible [42], and intraspe-
cific polymorphism pertaining to these markers often
results in imperfect estimation of genetic distances
between taxa of supraspecies rank [43]. A methodical
advantage of inter-SINE–PCR over the RAPD analysis

is a higher information capacity and better reproduc-
ibility of results. Because of using very short primers
(9 to 11 bp in length) in RAPD–PCR, this method
appears to be more sensitive to even small deviations
from specified PCR conditions, which explains fre-
quently observed poor reproducibility of results.
Increasing the length of arbitrary primer in RAPD–
PCR results in a decrease in the number of fragments
detected. Therefore, to obtain reliable and informative
results, one has to conduct many PCR trials with many
short arbitrary primers, whereas a single PCR trial with
only one primer is enough to obtain the same and even
greater amount of fragments in inter-SINE–PCR.

For inter-SINE–PCR, one should know consensus
sequence for at least one SINE family specific of the
studied taxon. Compared to RAPD–PCR, this is a dis-
advantage of inter-SINE–PCR, although it can be over-
come. First, in all mammals, MIR–PCR can be used
thanks to the presence of MIR copies in all representa-
tives of this class. In addition, for most mammalian
orders, SINEs and their nucleotide sequences are
already known ([6–17] and references therein). Second,
universal methods for detection and cloning of SINEs
have recently been developed [44], which enable one to
establish nucleotide sequences of new SINEs within a
relatively short time.

Using MIR–PCR for analyzing interspecific
genomic polymorphism in Lipotyphla and Chiroptera
we could obtain a significantly greater number of
amplified fragments in the latter taxon under similar
experimental conditions. This agrees with data of Jurka
et al. [14], which indicate that Lipotyphla and Rodentia
have a considerably lower number of MIR copies than
other mammals. The authors think that such a reduced
number of MIR copies can be explained by more
intense degradation of MIR copies in these taxa. In our
opinion, another likely explanation is that the rate of
amplification of MIR element is dissimilar in different
phyletic branches. Nevertheless, a significantly greater
amount of bands on fingerprints in bats, compared to
hedgehogs, does not promote better resolution of the
obtained tree. This is due to a small number of shared
fragments, which is reflected in grouping genera. The
latter fact can be explained by presumably ancient
divergence of genera and (or) especially by high muta-
tion rate in bat DNA.

Thus, it should be admitted that the taxonomic level
for which inter-SINE–PCR produces the most informa-
tive and reliable phylogenetic data can vary among dif-
ferent groups of organisms. Our results indicate that
inter-SINE–PCR is a simple and reliable tool for study-
ing both phylogeny (at the levels of the species and the
genus) and intraspecific polymorphism.
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