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Three karyotypic variants were revealed in the Moscow—Neroosa chromosomal hybrid zone by compara-
tive cytogenetic analysis: homozygotes of the pure parental races and complex heterozygotes (F1 hybrids). As
expected, a ring-of-four configuration (RIV) was observed in diakinesis spreads of hybrids. No disturbances in
the structure of the RIV were found. Distribution of telomeric repeats and rDNA on the chromosomes of an in-
dividual of the Neroosa race were studied using dual-colour FISH.
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As a result of high karyotypic variability, at least 72 para-
patric chromosomal races have been described in the common
shrew (Sorex araneus L., 1758), a small insectivorous mam-
mal (White et al., 2010). These races are distinguished by me-
tacentrics deriving from 12 originally acrocentric autosomes
by Robertsonian (Rb) centric fusions and whole-arm recipro-
cal translocations (WARTs). Three pairs of biarmed autoso-
mes (af, bc, tu) and the sex chromosomes (XX in females and
XY1Y2 in males) are invariant in all chromosomal races, whi-
le the other autosomal arms (from g to r) may occur as acro-
centrics and/or metacentrics.

The chromosomal races of S. araneus make contact and
hybridise, forming hybrid zones (Searle, Wójcik, 1998).
Chromosomal heterozygotes may be expected to have low
fertility due to meiotic abnormalities, and hybrid zones are
excellent places to examine such individuals and to assess the
reproductive isolation between the chromosomal races.

In this paper the results of cytogenetic studies carried out
in the Moscow—Neroosa hybrid zone, recently discovered in
the European part of Russia (Moscow Region, Ozery city,
N 56°56R E 38°31R), are presented. These chromosomal races
differ by two pairs of race-specific metacentrics gm-no and
go-nm, respectively, such that a ring-of-four configuration
(RIV) is expected at meiosis I of hybrids. It may be anticipa-
ted that such a complex meiotic configuration would disrupt
the meiotic process. This is examined here, together with cy-
togenetic characterisation of the two races using various stai-
ning methods.

Materials and Methods

In October 2011 and April 2012, eleven animals were
collected from several localities within the Moscow—Neroo-
sa hybrid zone. All individuals were karyotyped by a standard
mitotic technique from both bone marrow and spleen (Bulato-
va et al., 2009). G-banding was used for chromosome identi-

fication (Searle et al., 1991). The nuclear organiser regions
(NORs) were detected by silver nitrate staining following
Graphodatsky and Radjabli (1988). Meiotic preparations from
the eight adult males caught in April were made following the
method of Williams et al. (1971).

Fluorescent in situ hybridisation (FISH) for one individu-
al was carried out in the Institute of Molecular and Cellular
Biology SD RAS, Novosibirsk (Laboratory of Prof.
A. S. Graphodatsky). Two probes were used for FISH: a telo-
meric DNA probe and plasmid pHr13 (human ribosomal plas-
mid), containing genes for both 18S- and 28S-rDNA. To ge-
nerate the telomeric probe PCR was carried out in the absence
of template using the primers (TTAGGG)5 and (CCCTAA)5

(Ijudo et al., 1991). The probes were labelled with bio-
tin-11-dUTP or digoxigenin-11-dUTP by nick translation.

FISH was performed following G-banding of metaphase
chromosomes according to published protocols (Graphodats-
ky et al., 2000) with some modifications. Images were captu-
red with a ProgRes CCD (Jenoptic) camera, mounted on an
Axioscope 2 plus (Zeiss) microscope with filter sets for
DAPI, FITC and rhodamine, using VideoTesT-FISH 2.0. and
VideoTesT-Karyo 3.1. (VideoTesT, St. Petersburg, Russia)
software.

Results

Three main karyotypic variants were detected in the hyb-
rid zone: the homozygotes of the pure parental races (Mos-
cow and Neroosa) and complex Robertsonian heterozygotes
(F1 hybrids).

The majority of homozygous individuals (N = 6) had a
Moscow race karyotype — gm, hi, kr, no, pq (2nA = 18, fe-
male 2n = 20; males 2n = 21). Silver nitrate staining revealed
the terminal localisation of NORs on the chromosomal arms o
and q of both no and pq, respectively, as well as in both arms
of the metacentric tu (Fig. 1).
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Only one individual with a homozygous karyotype of the
Neroosa race was found — go, hi, kr, mn, pq (2nA = 18, male
2n = 21) (Fig. 2, a; 3, a). For this specimen the active rDNA
sites (which are equivalent to NORs) were visualised by FISH
using an rDNA probe. Positive signals were observed at the
terminal ends of the same chromosomal arms as in the Mos-
cow race — o, q, t and u (Fig. 3, c). But in the last case only
one homologue go had a bright signal of the NOR on the o
arm, whereas arms q, t and u demonstrated active NORs on
both homologous metacentrics. The hybridisation with the te-
lomeric DNA probe revealed distinct signals at the telomeres
of all chromosomes (Fig. 3, b). Also, positive signals were
detected in pericentric regions of the race-specific metacent-
rics go, hi, jl, kr, mn and pq. Other metacentrics did not show
any positive signals in the pericentric regions, though one me-
taphase cell displayed rather weak signals in the pericentric
regions of both bc homologues.

Four common shrews were complex heterozygotes, F1
hybrids (Fig. 2, b), with both Moscow and Neroosa race me-
tacentrics in their karyotypes — gm/go/no/nm, hi, kr, pq
(2nA = 18, female 2n = 20; males 2n = 21). Therefore, they
were expected to form a ring-of-four (RIV) configuration at
meiosis I.

Indeed, such RIV configurations (gm/go/no/nm) were fo-
und in diakinesis/MI spreads of three hybrid males (Fig. 4, b).
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Fig. 1. Ag-stained karyotype of a common shrew belonging to the
Moscow race.

Arrows indicate the localizations of NORs. Obj. 100�.

Fig. 2. G-banded karyotypes of the common shrew: the Neroosa race (a) and a Moscow-Neroosa F1 hybrid (b).

Obj. 100�.



The number of meiotic configurations corresponded to a hyb-
rid karyotype: seven autosomal bivalents af, bc, hi, jl, kr, pq
and tu, the RIV multivalent comprising four monobrachial
homologues (gm/go/no/nm), and the sex trivalent (*XY**1**
Y**2*). Nine bivalents (af, bc, jl, tu, gm, hi, kr, no and pq)
and the sex trivalent (*XY**1**Y**2*) were recorded in
each spread of the Moscow race specimens (Fig. 4, a). In both
homozygotes and complex heterozygotes numerous sperma-
tozoa of normal appearance were observed (Fig. 4, c).

Discussion

The ranges of the Moscow and Neroosa races close to
Ozery city meet at the Oka River which is about 250 m wide.
Interracial hybrids together with individuals of the Moscow
race were found on the left bank, whereas the specimen of the
Neroosa race occupied the right bank of the river.

Due to the presence of four metacentrics with monobrac-
hial homology in the hybrid karyotypes, a specific multiva-
lent (RIV) is found at meiosis I. In the common shrew this
configuration has only previously be demonstrated in hybrids
between the Uppsala and Hällefors chromosomal races (Nara-
in, Fredga, 1997).

In the present study no abnormal pairing or disturbances
in the structure of RIV configurations in F1 hybrids was ob-
served. These data are in close correspondence with the re-
sults obtained from the Uppsala—Hällefors hybrid zone (Na-

rain, Fredga, 1997) as well as with data from other chromoso-
mal hybrid zones of S. araneus showing regularity of chain
and ring configurations in complex heterozygotes (Searle,
1986; Mercer et al., 1992; Jadwiszczak, Banaszek, 2006; Pav-
lova et al., 2007). Moreover, our recent analysis of synaptone-
mal complexes (SCs) in pachytene spermatocytes of F1 males
from the Moscow—Neroosa hybrid zone did not reveal chro-
mosome asynaptic regions or other pairing abnormality com-
pared to pure Moscow race individuals (Matveevsky et al.,
2012).

Robertsonian centric translocations and WARTs play an
important role in the evolution of the S. araneus chromoso-
mal races (Searle, Wójcik, 1998). Since pericentric regions of
all race-specific metacentrics in the Neroosa race (go, hi, jl,
kr, mn, pq) individual carried telomeric signals following
FISH, we can suggest that telomeric sequences are not comp-
letely lost during centric fusion. Subsequent to fusion such se-
quences may be lost over time, however, based on the near
absence of telomeric sequences on the metacentrics af, bc and
tu, which were formed earlier in the evolution of the common
shrew karyotype (Searle and Wójcik, 1998). Similar data
were obtained by Zhdanova et al. (2007) who also found peri-
centric telomeric sequences in the Novosibirsk race metacent-
rics go, hn, jl, ik, mp, qr.
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Fig. 3. Dual-colour FISH on G-banded chromosomes (a) of the common shrew (the Neroosa race), using biotinylated probe of rDNA (b)
and digoxigenin-11-dUTP labelled telomeric probe (c).

Chromosomes counterstained with DAPI (b and c images are inverted). Obj. 100�.

Fig. 4. Diakinesis/M I spreads of common shrews from the hybrid zone: (a) Moscow race and (b) Moscow-Neroosa F1 hybrid.

The sex trivalent (XY1Y2) is indicated by a star. An arrow marks the ring-of-four configuration (RIV); c — spermatozoa in meiotic preparations of the Mos-
cow-Neroosa F1 hybrid. Bar: 10mm. Obj. 100�.
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ÖÈÒÎÃÅÍÅÒÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÃÈÁÐÈÄÍÎÉ ÇÎÍÛ ÌÅÆÄÓ ÐÀÑÀÌÈ ÌÎÑÊÂÀ
È ÍÅÐÓÑÑÀ ÎÁÛÊÍÎÂÅÍÍÎÉ ÁÓÐÎÇÓÁÊÈ SOREX ARANEUS, ÐÀÇËÈ×ÀÞÙÈÌÈÑß ÎÄÍÎÉ

ÕÐÎÌÎÑÎÌÍÎÉ ÏÅÐÅÑÒÐÎÉÊÎÉ ÒÈÏÀ WART
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Ñ ïîìîùüþ ñðàâíèòåëüíîãî öèòîãåíåòè÷åñêîãî àíàëèçà â ãèáðèäíîé çîíå ìåæäó õðîìîñîìíûìè ðà-
ñàìè Ìîñêâà è Íåðóññà áûëè âûÿâëåíû òðè êàðèîòèïè÷åñêèå êàòåãîðèè: ãîìîçèãîòû îáåèõ ðîäèòåëü-
ñêèõ ðàñ è ñëîæíûå ãåòåðîçèãîòû, ò. å. ãèáðèäû F1. Â ìåéîçå ó ãèáðèäîâ (íà ñòàäèè äèàêèíåçà) áûëà îá-
íàðóæåíà ìåéîòè÷åñêàÿ êîíôèãóðàöèÿ â âèäå êîëüöà èç ÷åòûðåõ ýëåìåíòîâ (ring-of-four, RIV), êàê è
ïðåäïîëàãàëîñü èñõîäÿ èç êàðèîòèïè÷åñêîé ôîðìóëû. Êàêèõ-ëèáî íàðóøåíèé ñòðóêòóðû ýòîé êîíôèãó-
ðàöèè âûÿâëåíî íå áûëî. Ëîêàëèçàöèÿ ñèãíàëîâ òåëîìåðíûõ ïîâòîðîâ è ðèáîñîìíîé ÄÍÊ íà õðîìîñî-
ìàõ îäíîé îñîáè ðàñû Íåðóññà áûëà èññëåäîâàíà ñ ïîìîùüþ äâîéíîé ôëóîðåñöåíòíîé ãèáðèäèçàöèè
in situ (FISH).
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