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Chromosome analysis in mammals over the last half century has largely focused on species identification.
A growing number of hybrid zones of karyotypically differentiated cryptic taxa have been described. A good
example is provided by two karyoforms of the 46-chromosome common vole (long known as «arvalis» and
«obscurus») that make contact longitudinally from the north to the south of European Russia. The hybrid F1 ka-
ryotype displays genomic markers which distinguish arvalis and obscurus and which are cytogenetically detec-
table as minor variants. The apparent insignificance of the genomic region of heterozygosity associated with
these markers perhaps does not prevent hybrid chromosome pair formation at meiosis but may reflect a site re-
sistant to gene flow. A cytogenetic analogy with so-called «speciation islands», based, for example, on the stu-
dy of the corvine hybrid zone and represented by a small number of limited genomic sites (occupying less than
1 % of the genome) (Poelstra et al., 2014), may be relevant.

K e y w o r d s: chromosome hybrid zone, common vole, FISH, molecular-cytogenetic markers, telomeric
sequences.

A b b r e v i a t i o n s: AR — arvalis, FNA — fundamental number of autosomal arms, ITS — interstitial te-
lomeric site, NOR — nucleolus organizing region, OB — obscurus.

Chromosome analysis is an effective tool for species
identification in mammals represented by the field of cytota-
xonomy and the modern discipline of comparative cytogene-
tics but ultimately founded on the most universal method of
metaphase chromosome preparation by Ford and Hamerton
(1956). At a within-species level there are a growing number
of chromosome races and hybrid zones between them descri-
bed since the 1960s (Searle, 1993 and references herein). The
contact of the two widely distributed karyoforms of the
46-chromosome common vole (the «arvalis» and «obscurus»
forms of Microtus arvalis) has been detected in Eastern Euro-
pe by systematic chromosome studies accumulated accurately
and finished exactly at the joint (Meyer et al., 1996, 1997).
The findings of the hybrid F1 karyotype and varied recombi-
nant karyotypes marks the position of the narrow chromoso-
mal hybrid zone between the two forms (Bulatova et al.,
2010a).

The hybrid zone between the «arvalis» and «obscurus»
karyoforms was first localized in the Vladimir region of Cent-
ral European Russia in a continuous area, without geographic
barriers, within 24 km of the main highway near Kovrov
(Meyer et al., 1997). The two pure karyotypes called here AR
(arvalis) and OB (obscurus), both 2N = 46, can easily be dis-
tinguished: one karyotype with 8 diagnostic acrocentrics, or
4 pairs (AR, FNA = 80) and the other karyotype with 20 diag-
nostic acrocentrics, or 10 pairs (MOB, FNA = 68). A series of
intermediate karyotypes with acrocentric numbers varying
between the two parental forms are found in the Vladimir
hybrid zone, including the expected number of 14 acrocent-
rics for the F1 hybrid (FNA = 74; Bulatova et al., 2010a).

DNA studies have revealed a 4.6 % divergence between AR
and OB for the mitochondrial cytochrome b gene (Lavrenc-
henko et al., 2009) that corresponds to the lower limits for
species-level differences in Microtus (Jaarola et al., 2004).
Within the hybrid zone all individuals so far examined have
had the AR mitotype (Bulatova et al., 2010b).

Additional data reveal the level of cytogenetic differenti-
ation of the two 46-chromosome genomes. Full euchromatin
G-band homology between the AR/OB karyotypes has been
reported repeatedly with conventional G-banding (e. g. Meyer
et al., 1996) and confirmed with high resolution G-banding
analysis (Mazurok et al., 2001). Besides a diploid number of
2N = 46, the two karyotypes share five large bi-armed ele-
ments among the autosomes, a metacentric X-chromosome of
medium size and groups of small metacentrics and small ac-
rocentrics. Among the largest pairs of chromosomes, a comp-
lex evolutionary origin can be inferred from banding and
chromosome painting data with homology to acrocentrics of
the 54-chromosome ancient karyotype such as that seen in
one of the sibling species, M. rossiaemeridionalis (also
known as M. subarvalis) (Mazurok et al., 2001; Lemskaya
et al., 2010). The large subtelocentric No 5 is polymorphic for
centromere position in the OB karyotype and has been descri-
bed as heterozygous subtelocentric/acrocentric or occasional
homozygous acrocentric (e. g., Malygin, Sablina, 1994; Mey-
er et al., 1996).

AR/OB karyotypic differences have been recorded in
previous studies including Y chromosome morphology (Mey-
er et al., 1996) and the alternative presence/absence of nucle-
olar-organizing regions (NORs) in large chromosomes of the
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OB/AR karyotypes, respectively (Mazurok et al., 2001). Vari-
ation in heterochromatic regions between the karyoforms is
also suspected, but so far is poorly studied.

Karyotypic differences produced by chromosome rear-
rangements in 6 small chromosomes have been identified on
the basis of chromosome differential staining and interpreted
as centromeric shifts (Mazurok et al., 2001). The expectations
of possible negative meiotic effect on hybrid reproduction
have, however, not been supported in laboratory crosses
(Meyer et al., 1997). The AR/OB hybrid zone, thus, repre-
sents a case rather different in a mammalian context from the
more widely reported Robertsonian chromosomal hybrid zo-
nes (Searle, 1993).

New interesting minor chromosome markers distingui-
shing AR and OB have been revealed by FISH (Bulatova
et al., 2013). FISH analysis shows a specific chromosome dis-
tribution (+ presence, – absence) of standard telomeric and
rDNA sequences marking, first, a pericentromeric ITS signal
and, second, telomeric NOR signals on the larger chromoso-
mes of the AR (+/–) and OB (–/+) genomes.

In this communication, new details of a natural F1 hybrid
from the AR/OB hybrid zone are presented.

Karyotype analysis was carried out in the southern part of
the established AR/OB hybrid zone in Vladimir region, on the
OB side of the hybrid zone. The basic procedure of mammal

chromosome preparation of Ford and Hamerton (1956)
was followed by conventional Giemsa metaphase chromoso-
me staining, C-banding and meiotic divisions’ fixation using
standard protocols (in a modification of the methods
from the laboratory of A. S. Graphodatsky http://www.bio-
net.nsc.ru/labs/chromosomes/intr_engl.htm). The FISH pro-
cedure introduced earlier by Bulatova et al. (2013) for com-
mon voles were applied. Digital images of several full meta-
phases were analyzed in each case.

The hybrid origin of an adult vole male (specimen code
12—26) was demonstrated chromosomally in contrast to 3 ot-
her specimens collected in the same locality showing the pure
«obscurus» karyotype (OB codes 12—20, 21, 22). Also from
this locality (Shevinskaya village) a single individual of the
sibling species (M. rossiaemeridionalis, 2N = 54) and several
specimens of M. oeconomus (2N = 30) were identified from
karyotype.

Fig. 1 presents the karyogram of the hybrid male, sho-
wing that it is typical for an F1 hybrid, with combination of
metacentric and acrocentric small diagnostic chromosomes in
a homozygous (7 and 4 pairs, respectively) and a heterozygo-
us state (6 single homologues in each group, metacentric or
acrocentric). The Y-chromosome of this specimen is one of
the acrocentrics, not recognizable without C-banding among
all other acrocentrics, thus, showing its attribution to the OB
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Fig. 1. Karyogram of a male from the hybrid zone of two 46-chromosome common voles (AR, OB).

1 to 22 — autosome pair numbers, XY — sex chromosomes. 6 heterozygous pairs of the diagnostic group are placed unpaired separately in each category (small
metacentrics or acrocentrics), in addition to homozygous pairs — 7 metacentric (OB diagnosis) and 4 acrocentric (AR diagnosis). Conventional Giemsa staining.

Fig. 2. Molecular-cytogenetic probes identified successively in metaphase chromosomes of the hybrid specimen against DAPI control (a) :
FISH (inverted signals) for tDNA (b) and rDNA (c).

Black arrowheads indicate homologs of the remarkable large metacentric heterozygous for ITS signal (positive in AR genome). White arrowheads indicate two
large metacentrics heterozygous for the rDNA site (OB genome markers).



karyotype (Meyer et al., 1996; Bulatova et al., 2010a). There-
fore, the X, though morphologically indistinguishable betwe-
en the two karyotypes, belongs to the AR genome in this F1

hybrid male.
The FISH procedure revealed additional heterozygosity.

The signal for the standard telomeric sequence (TTAGGGn)
shows a typical telomeric distribution in all the chromosomes,
except for one. The ITS (interstitial telomeric site) signal
marked the centromeric region of only one homologue of the
two large metacentrics with identical G-bands (Fig. 2, a, b).
Referring to our previous data (Bulatova et al., 2013), the pre-
sence of the centromeric ITS is a characteristic of the AR ge-
nome. Conversely, rDNA signals on the same preparation re-
veal two heterozygous large pairs (Fig. 2, c). This is in corres-
pondence with the results of our previous finding of rDNA
markers on the large chromosomes of the OB genome and
earlier reported NOR localization data (Mazurok et al., 2001).

Despite the karyotypic peculiarities, meiotic preparations
do not show any irregularity at metaphase I-diakinesis stage
prepared from the same hybrid (Fig. 3).

In concert with genetic data, the two 46-chromosome ka-
ryotypes of AR and OB show free hybridization permitted by
a regular meiotic process. On the contrary, subchromosome
minor differences between AR and OB karyotypes might be
the indicators of small regions of the nuclear genome that are
resistant to massive gene flow. In this respect, a cytogenetic
analogy with «speciation islands» is relevant, based, for
example, on the study of the corvine hybrid zone and repre-
sented by a small number of limited genomic sites (occupying
less than 1 % of the genome) (Poelstra et al., 2014).

The experimental part of the study connected with the
use of the FISH method was carried out in the Laboratory of
Prof. A.S. Graphodatsky, with kind support of Drs S. Roma-
nenko and N. Serdyukova. The results were in parts presen-
ted at the International Conference Chromosoma 2015 in
continuation of a previous presentation by the same authors

at Chromosoma 2012. We acknowledge scientific and lingu-
istic help from Prof. J. B. Searle of Cornell University, Itha-
ca, New York. Grant support from the Russian Foundation
for Basic Research was appreciated.
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Fig. 3. Regular meiotic configuration of autosome homologs and
sex bivalent in metaphase I-diakinesis of the F1 AR � OB hybrid.
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Ïðè èçó÷åíèè ãèáðèäà äâóõ ðàçëè÷àþùèõñÿ ïî êàðèîòèïó ôîðì ó ãðûçóíîâ íàäâèäîâîãî êîìïëåêñà
îáûêíîâåííàÿ ïîëåâêà èç çîíû èõ ïðèðîäíîãî êîíòàêòà ïîêàçàíî, ÷òî ðàçëè÷èÿ â õðîìîñîìíîé ëîêàëè-
çàöèè ñòàíäàðòíûõ ãåíîìíûõ ìàðêåðîâ, òàêèõ êàê ñàéòû òåëîìåðíîé è ðèáîñîìíîé ÄÍÊ, ìîãóò ðàñ-
ñìàòðèâàòüñÿ êàê âèäîñïåöèôè÷åñêèå. Â ñâåòå ïðîáëåìû ãåíåòè÷åñêîé èçîëèðîâàííîñòè âèäà ïîäîáíûå
ó÷àñòêè õðîìîñîì, íå ñâÿçàííûå íåïîñðåäñòâåííî ñ õðîìîñîìíîé ñòåðèëüíîñòüþ ãèáðèäîâ, ìîãóò ÿâëÿ-
òüñÿ èíäèêàòîðàìè ãåíîìíûõ ñàéòîâ, õàðàêòåðèçóþùèõ ðåçèñòåíòíîñòü ê ãåííîìó ïîòîêó è ïîòîìó èí-
òåðåñíûõ â àñïåêòå âèäîîáðàçîâàíèÿ.

Ê ë þ ÷ å â û å ñ ë î â à: FISH, ìîëåêóëÿðíî-öèòîãåíåòè÷åñêèå ìàðêåðû, îáûêíîâåííàÿ ïîëåâêà, òåëî-
ìåðíûå ïîñëåäîâàòåëüíîñòè, õðîìîñîìíàÿ ãèáðèäíàÿ çîíà.
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