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RAPDs in representatives of the genus Sorex, including
chromosome races of Sorex araneus

Natalia A. lllarionova*, Sergey G. Potapov & Victor N. Orlov

ABSTRACT. We analysed genetic divergence between species of the genus Sorex (S. araneus, S.
caecutiens, S. minutus and S. minutissimus) using the RAPD (random amplified polymorphic DNA)
method. We also examined RAPDs in 26 individuals of six chromosome races of the common shrew
(Moscow, Ilomantsi, St. Petersburg, Neroosa, Penza, and Sok) from the European part of Russia. Nine
primers were used for the detection of 24 to 79 fragments. The number of clearly identified DNA fragments
by all primers was 539. Loci specific for different chromosome races of S. araneus were revealed. On the
basis of summary matrices of the RAPD spectrum for nine primers, trees showing the genetic divergence
were constructed. This study demonstrated the value of RAPDs for the analysis of relationship between
species and chromosome races in Sorex.
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RAPD y npeactaButeneu poaa Sorex,
BKIIHOYasi XPOMOCOMHbIe pacbl Sorex araneus

H.A. UnnapuoHoBa, C.I". NMotanos., B.H. Opnos

PE3IOME. Hamu mpoBe/ieH aHaNIW3 CTEIEHU T'CHETHYECKOH OJNU30CTH IMPEICTaBUTEICH Pa3HBIX BHIOB
poma Sorex (S. araneus, S. caecutiens, S. minutus, S. minutissimus) 1o qaHEEIM RAPD-monmumopduzma.
Kpowme toro, Bniepssie ipoananmu3upoBadn RAPD-nonumopdusm 26 npencraButeseii 6 XpOMOCOMHBIX pac
0OBIKHOBEHHOH Oypo3yOku (S. araneus) (pacsl Mocksa, Mnomanrtcu, Cankr-IlerepOypr, Hepycca, [lenza
u Cok) Ha teppuropun EBponeiickoii yactu Poccun. Jlns npoenennss RAPD-ananu3za 0b110 0T0oOpano 9
CJly4alHBIX TpaiiMepoB, IalOUIUX Hanboee moauMopdHble 1 HHPOPMATHBHBIE CIIEKTPHI aMILTH(UIIUPO-
BaHHBIX (hparmenToB JJHK. Uucno ammmudunupoBanusx gparmenToB JJHK, BRIABISEMBIX C MOMOIIBIO
JAaHHBIX TpaitMepoB, koebmnetrcs oT 24 o 79. Uucno sicHo uaeHTudunnpoBaHabix ¢pparmentoB JJHK mmst
MIOJTHOTO CIIeKTpa npaimMepoB 0610 539. BBIABIICHBI TOKYCHI, CTICITU(PUIHBIE TSI TPEICTABUTEISH pa3iid-
HBIX XPOMOCOMHBIX pac Sorex araneus. Ha ocHoBanmm cymmapubix Mmatpurl RAPD-cnextpoB mo 9
npaiiMepam ObUIN TOCTPOEHBI JIEHIPOTPAMMbI TEHETUYECKOT0 CX0/ICTBA. DTO HCCIIEA0BaHNE MIPOJIEMOHCT-
pupoBano 3¢ pexTuBHOCTh MeToaa RAPD Ju1s n3ydeHnst TeHETHUECKON CTPYKTYpPBI pojia Sorex U XpoMo-
COMHBIX pac S. araneus.

KITFOUEBBIE CJIOBA: o6sikHOBEeHHASI Oypo3yOKa, Sorex araneus, xpomocoMHuble pacsl, RAPDs, RAPD-
PCR.
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Introduction

The genus Sorex is widespread in different biotopes
and comprises about 70 species. Because species of
Sorex have rather uniform phenotypes, phylogenies
based on morphological characters are problematic and
species level relationships are still uncertain. Classifi-
cations have been based primarily on morphology, kary-
ology and biochemical analyses, each of which has its
own limitations. Results of phylogenetic analyses of
mitochondrial DNA sequence data (Taberlet et al.,
1994; Fumagalli et al., 1996, 1999) contradict interpre-
tations based on karyotype (Zima et al., 1998) and
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biochemical characteristics (George, 1988; George &
Sarich, 1994; Ruedi, 1998).

One species within this genus, the common shrew
Sorex araneus Linnaeus, 1758 demonstrates substan-
tial chromosome variation, largely attributable to Rob-
ertsonian rearrangements (Searle, 1984). Populations
with identical or similar karyotypes are defined as chro-
mosome races, which are, in turn, grouped into larger
evolutionary units, karyotypic groups. About 68 chro-
mosome races and 8 karyotypic group of Sorex araneus
are currently known (Wojcik ef al., 2003; Orlov ef al.,
2004). Molecular studies of the chromosomal variation
in Sorex araneus have included cytochrome b gene
sequencing and microsatellite typing (Taberlet et al.,
1991, 1994; Lugon-Moulinet al., 1996, 1999a, b; Wyt-
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Table 1. Details of the samples used for RAPD comparison of chromosome races of Sorex araneus.

Localit
ocatty Sample names | Locality, chromosome race Coordinates | Karyotype | Source
number
| 4, 5,10, 20, 31, | Tver Province, Kruticy Village, Russia, |N 56°10', gm, hi, ji, Orlov et al., 1996
35,48, 49 "Moscow" (Mo) E 35°00' kr, no, pq
) 62 Moscow Province, Chernogolovka, N 55°55', gm, hi, ji, Aniskin &
Russia, "Moscow" (Mo) E 38°30' kr, no, pq Lukianova, 1989
3 233,234,235, [Rostov Province, Cymlyansk District, N 46°55', g/o, hi, jl, Bystrakova et al.,
240 Russia, "Neroosa" (Ne) E 42°28' k/r, mn, p/q 2007
Novgorod Province, Russia, "St- N 58°00', hk, ip, nr,
4 353, 354 Orlov et al., 2007
Petersburg" (SPb) E 33°40' mq, g o roveta
Karelia Republic, Ladoga Lake, eastern | N 60°40', g/o, hn, i/p,
5 383, 385, 386 Orlov et al., 2007
T bank, Russia, "Tlomantsi" (II) E 33°20' J/L I, m/q rovetd,
N 52°40' /m, hn, i/o, | Bystrak t al.,
6 69, 70 Tambov Province, Russia, "Penza" (Pe) E 41 050" flwllcr :/ql o 2())’05; ovaela
7 85, 86, 87, 89, | Saratov Province, Rovensky District, N 50°40', go, hn, ip, Bystrakova et al.,
90, 101 Russia, "Sok" (So) E 46°00' Jjl, kq, mr 2003

tenbach & Hausser, 1996; Wyttenbach et al., 1999),
fingerprints generated by amplified DNA regions flanked
by short interspersed elements (Bannikova et al., 2003)
and allozymes (Wojcik, 1993; Briinner & Hausser,
1996; Wojcik et al., 2002; Ratkiewicz et al., 2003). In
the present work, several species of the genus Sorex
and chromosome races in Sorex araneus were studied
using the RAPD (randomly amplified polymorphic
DNA) method.

Material and methods

Sampling localities. For the interspecific compari-
sons, shrews were collected in the Komi Republic,
Russia (Pechora-Ilych Nature Reserve): three individu-
als of Sorex araneus (Serov chromosome race), one
individual of S. caecutiens, two individuals of S. minu-
tus and one individual of S. minutissimus. A specimen
of Crocidura suaveolens was collected in the Voronezh
Nature Reserve, Russia to provide an outgroup.

Details of the specimens used for comparisons of
chromosome races of Sorex araneus are given in Tab. 1
and Fig. 1. Racial affiliation of specimens was deduced
from the literature. Races are listed under their usual
names (Wojcik et al., 2003) except Penza which is
treated separately from the Mologa chromosome race
(see Orlov et al., 2007).

DNA isolation and amplification. DNA was ex-
tracted from samples in 96% ethanol by a standard
phenol—chloroform technique (Mathew, 1984). PCR
was performed in a 50 pL volume containing 10 mM
Tris-HCI (pH 8.0), 50 mM KCl, 2 mM MgCl,,10 mg
BSA, 0.2 mM each deoxynucleoside triphosphate
(dATP, dCTP, dGTP and dTTP), 1 mM primer, 50 ng
template DNA and 1 U Tag polymerase. Mineral oil
(50 puL) was layered on top of the reaction mixture, to
prevent evaporation (Welsh & McClelland, 1990). Dur-
ing preliminary experiments more than 60 primers dif-

fering in size, GC content and sequence were tested.
Only nine of these that yielded reproducible species-
specific patterns were chosen for the main analysis.
These 10-mer oligonucleotide primers provided by
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Figure 1. Map of collection localities for representatives of
the following Sorex araneus chromosome races: Moscow (1,
2), Neroosa (3), St. Petersburg (4), llomantsi (5), Penza (6),
Sok (7).
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Figure 2. RAPDs using primers OPA-11 (1-8), OPA-12 (9-16) and OPA-19 (17-24) of representatives of the genus Sorex:
1,2,3,9,10, 11, 17, 18, 19 — S§. araneus; 4, 12, 20 — S. caecutiens; 5, 6, 13, 14, 21, 22 — S. minutus; 7, 15, 23 — S.
minutissimus; 8, 16, 24 — Crocidura suaveolens. M — 100 bp Ladder.

Operon Technologies (Operon Technologies Inc.,
Alameda, CA, USA) were (5’-3%): OPA-11 (CAATCG
CCGT), OPA-12 (TCGGCGATAG), OPA-19 (CAAA
CGTCGG), OPE-06 (ACGCATCGCA), OPE-13 (CCA
CACTACC), OPW-05 (GGCGGATAAG), OPW-15
(ACACCGGAAC), OPAB-01 (CCGTCGGTAG) and
OPAB-04 (GGCACGCGTT).

PCR was conducted in a Tercik thermocycler (DNK-
Tehnologia) as follows: elongation, 1 min at 72°C;
denaturation, 30 s at 94°C; annealing, 30 s at 37°C.
After 45 cycles, the amplification products were subject-
ed to electrophoresis (2% agarose gels, TAE buffer).

Descriptive statistics and tree reconstruction. The
RAPD data were tabulated in the form of a binary data
matrix of the “object-sign” type. Nei & Li’s (1979)
standard coefficients were calculated to estimate the
dissimilarity among individual patterns. This measure
was chosen due to its biological meaning and favour-
able statistical properties (Lamboy, 1994). UPGMA
and neighbour-joining (NJ) dendrograms were con-
structed using the TREECONW software package (Van
de Peer & DeWachter, 1994). For each analysis the
values of bootstrap support based on 1000 replicates
were obtained.

Results

The nine primers selected for RAPD analysis gener-
ated from 22 to 43 fragments for the individual species
studied (Fig. 2) and from 24 to 79 fragments for speci-
mens of the chromosome races of Sorex araneus (Fig.
3). The total number of clearly identified DNA frag-

ments by all nine primers was 308 (representatives of
the genus Sorex) and 539 (representatives of S. araneus
chromosome races).

Phenetic analysis of Nei-Li distances (UPGMA clus-
tering) of representatives of the genus Sorex demon-
strated the presence of three well-differentiated clusters
with high bootstrap support, two of which correspond
to the separation of the subgenus Sorex Linnaeus, 1758
(S. araneus and S. caecutiens) and the subgenus Euro-
sorex Stroganov, 1952 (S. minutus and S. minutissi-
mus) (Fig. 4). The topologies of the neighbour-joining
(Fig. 5) and UPGMA (Fig. 4) trees are very similar.

The neighbour-joining tree of S. araneus chromo-
some races based on Nei-Li distances calculated from
RAPD data revealed three well-differentiated clusters
with high bootstrap support (Fig. 6). Representatives of
the Moscow chromosome races are found in one clus-
ter, with individuals from the Tver Province and Cher-
nogolovka in subclusters. Another cluster is formed by
separate groupings of representatives of the Neroosa
and Sok chromosome races. The third cluster includes
three separate subclusters of representatives of the Ilo-
mantsi, St. Petersburg and Penza chromosome races of
S. araneus. The topology of the UPGMA dendrogram
is very similar to the neighbour-joining tree for these
chromosome races.

Discussion

The UPGMA dendrogram of representatives of the
genus Sorex (Fig. 4) demonstrated a division of the
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Figure 3. RAPDs using primer OPA-11 for 26 representatives of six chromosome races of the common shrew (Sorex
araneus): 1-9 — Moscow, 10-11 — Neroosa, 12—17 — Sok, 18-21 — Penza, 22-23 — St. Petersburg, 24-26 — Ilomantsi,
27 — Sorex caecutiens. M — 100 bp Ladder.
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Figure 4. UPGMA dendrogram of representatives of the genus Sorex based on Nei-Li distances calculated from RAPD data.
Bootstrap support values are based on 1000 replications.
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Figure 5. Neighbour-joining tree of representatives of the
genus Sorex based on Nei-Li distances calculated from RAPD
data. Crocidura suaveolens was used as the outgroup. Boot-
strap support values are based on 1000 replications.

genus Sorex into two subgenera: Sorex (S. araneus and
S. caecutiens) and Eurosorex (S. minutus and S. minut-
issimus) (Yudin, 1989). The interspecific genetic dis-
tances of representatives of the genus Sorex were ap-
proximately twice as high as the inter-racial distances
of Sorex araneus. This supports the use of the RAPD
method in the resolution of genetic structure in the
genus Sorex following previous successes in the genera
Microtus (Potapov et al., 1999) and Sicista (Baskevich
et al., 2004) and in the Lophuromys flavopunctatus
species complex (Lavrenchenko ef al., 2001, 2004).

The phylogenetic affinities of the chromosome rac-
es of the common shrew in European Russia are rather
confusing on the basis of our RAPD results. Among the
races examined in the present study, the Moscow race
obviously belongs to the West European karyotypic
group, WEKG (Orlov et al., 1996). The representatives
of the Moscow chromosome race form a separate group
on the trees. The karyotypes of the Neroosa and Penza
chromosome races may be defined as derivatives of the
WEKG that evolved during its eastward postglacial
expansion (Bulatova et al., 2000). These races form
different clusters on the molecular trees. On the con-
trary, the Ilomantsi race (Finnish family of races) and
St. Petersburg race (East-Baltic family) — differ slightly
with respect to RAPD patterns, suggesting low genetic
differentiation between them. The association of these
races in one cluster with the Neroosa chromosome race
suggests their ancient contact. The Sok chromosome
race belongs to the widely distributed Ural family of
races and forms a separate group on the trees together
with the unrelated Penza chromosome race. Overall,
the composition and cluster structure of the dendro-
gram obtained relate to the scheme for evolution of
common shrew chromosome races developed by Orlov
et al. (2004, 2000).

The topology of the trees based on RAPDs show
differences from those generated by analysis of ampli-
fied DNA regions flanked by short interspersed ele-
ments (Bannikova et al., 2003), suggesting marker-
specific patterns. However, there is a notable concor-
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Figure 6. Neighbour-joining tree of representatives of chromosome races of Sorex araneus based on Nei-Li distances
calculated from RAPD data. Sorex caecutiens was used as the outgroup. Bootstrap support values are based on 1000

replications.
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dance between the RAPD data and results from the
analysis from mtDNA cytochrome b nucleotide se-
quence (Balakirev ef al., 2007).
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