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Hybrid zones of house mice of genus Mus (Rodentia, Muridae)
in Russia and neighbouring countries:
role of hybridisation in evolution of commensal taxa
Elena V. Kotenkova
ABSTRACT. The significance of hybridisation in the evolution and diversification of commensal taxa of
Mus musculus s.l. species group is discussed. Allozyme analysis has shown that Transcaucasian populations
of commensal house mice possess an admixture of musculus and domesticus genes. This region is either a
zone of secondary contact between musculus and domesticus, with very wide introgression of domesticus
genes into the genome of musculus, or these are relict populations descended from non-differentiated forms
with ancestral polymorphism. The main feature of this zone is the unusually large extent of domesticus genes,
which occur throughout the entire Transcaucasia (about 350 000 km2). Data and observations favour the view
suggest that Transcaucasian house mouse populations are relicts of an early-differentiated form of M.
musculus, preserving much of the ancestral gene pool. The second possible hypothesis is that populations of
Transcaucasia are result of hybridisation of ancient not finally differentiated forms of house mice. It is
possible that ancient oriental lineage and ancient form of musculus were colonised the Transcaucasia and
mixed in this territory. The Adzharian populations would then be a product of contact between these forms
and early of fully differentiated M. domesticus from Turkey. Large zones of hybridisation are present also
in other regions of Asia. Analysis of hybrid populations of house mice in Russia demonstrates the particular
significance of hybridisation in the evolution of commensal taxa. This enhanced role in commensals is linked
to their unique ability to expand their geographic ranges through human agency and even survive as
commensals in areas that are beyond their physiological tolerance.
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Çîíû ãèáðèäèçàöèè äîìîâûõ ìûøåé ðîäà Mus
(Rodentia, Muridae) Ðîññèè è ñîïðåäåëüíûõ òåððèòîðèé:
ðîëü ãèáðèäèçàöèè â ýâîëþöèè ñèíàíòðîïíûõ òàêñîíîâ
Å.Â. Êîòåíêîâà
ÐÅÇÞÌÅ. Îáñóæäàåòñÿ çíà÷åíèå ãèáðèäèçàöèè â ýâîëþöèè è ðàçíîîáðàçèè ñèíàíòðîïíûõ äîìîâûõ
ìûøåé ãðóïïû âèäîâ Mus musculus s.l. Àíàëèç àëëîçèìîâ ïîêàçàë, ÷òî äëÿ ïîïóëÿöèé ñèíàíòðîïíûõ
äîìîâûõ ìûøåé Çàêàâêàçüÿ õàðàêòåðíî íàëè÷èå ãåíîâ êàê musculus, òàê è domesticus. Â ýòîì ðåãèîíå
íàõîäèòñÿ ëèáî çîíà âòîðè÷íîãî êîíòàêòà ìåæäó musculus è domesticus ñ øèðîêîé èíòðîãðåññèåé
ãåíîâ domesticus â ãåíîì musculus, ëèáî ïîïóëÿöèè Çàêàâêàçüÿ ïðåäñòàâëÿþò ñîáîé ðåëèêòîâûå
ïîïóëÿöèè äî êîíöà íå äèôôåðåíöèðîâàííûõ ïðåäêîâûõ ôîðì, ñîõðàíèâøèõ âûñîêîå ãåíåòè÷åñêîå
ðàçíîîáðàçèå. Õàðàêòåðíàÿ ÷åðòà ýòîé çîíû  îòíîñèòåëüíî ðàâíîìåðíîå ðàñïðåäåëåíèå ãåíîâ
domesticus ïî áîëüøîé òåððèòîðèè (îêîëî 350 000 êì2). Ðÿä äàííûõ ïîäòâåðæäàþò òî÷êó çðåíèÿ,
ñîãëàñíî êîòîðîé ïîïóëÿöèè Çàêàâêàçüÿ ïðåäñòàâëÿþò ñîáîé ðåëèêòîâóþ ôîðìó, áëèçêóþ ê Mus
musculus, ñîõðàíèâøóþ ïðåäêîâûé ãåíåòè÷åñêèé ïóë. Âòîðàÿ âîçìîæíàÿ ãèïîòåçà  ïîïóëÿöèè
Çàêàâêàçüÿ ïðåäñòàâëÿþò ñîáîé ðåçóëüòàò ãèáðèäèçàöèè äðåâíèõ äî êîíöà íå äèôôåðåíöèðîâàííûõ
ôîðì äîìîâûõ ìûøåé. Âîçìîæíî, Çàêàâêàçüå áûëî êîëîíèçîâàíî äâóìÿ ôîðìàìè: oriental è
musculus, êîòîðûå ñêðåùèâàëèñü â ýòîì ðåãèîíå. Ïîïóëÿöèè Àäæàðèè, âîçìîæíî, âîçíèêëè â
ðåçóëüòàòå ãèáðèäèçàöèè ýòèõ ôîðì è ðàííåé óæå äèôôåðåíöèðîâàííîé ôîðìîé domesticus èç
Òóðöèè. Áîëüøèå ïî ïëîùàäè çîíû ãèáðèäèçàöèè îáíàðóæåíû â äðóãèõ ðåãèîíàõ Àçèè. Àíàëèç
ãèáðèäíûõ ïîïóëÿöèé äîìîâûõ ìûøåé Ðîññèè äåìîíñòðèðóåò îñîáóþ âàæíîñòü ãèáðèäèçàöèè â
ýâîëþöèè ñèíàíòðîïíûõ òàêñîíîâ. Òàêàÿ ñóùåñòâåííàÿ ðîëü ãèáðèäèçàöèè â ýâîëþöèè ñèíàíòðîïíûõ òàêñîíîâ äîìîâûõ ìûøåé îáúÿñíÿåòñÿ èõ óíèêàëüíîé ñïîñîáíîñòüþ ðàñøèðÿòü àðåàë, ðàññåëÿÿñü ñ ïîìîùüþ ÷åëîâåêà, è äàæå âûæèâàòü áëàãîäàðÿ ñèíàíòðîïíîìó îáðàçó æèçíè â ðåãèîíàõ, ãäå
èõ ñóùåñòâîâàíèå â ïðèðîäå íåâîçìîæíî èç-çà êëèìàòè÷åñêèõ óñëîâèé.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: ãèáðèäèçàöèÿ, ãðóïïà âèäîâ Mus musculus, ñèíàíòðîïèÿ, çîíû ãèáðèäèçàöèè.
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Introduction
The process of speciation, the significance of introgressive hybridisation in the evolution and diversification of mammals are important problems of evolutionary
theory. The Mus musculus s.l. species group includes
closely related taxa in different stages of divergence:
sympatric species (Mus musculus Linnaeus, 1758  M.
spicilegus Peternyi, 1882; M. domesticus Schwarz &
Schwarz, 1943  M. macedonicus Petrov & Ruzic,
1983; M. domesticus  M. spretus Lataste, 1883); parapatric taxa which hybridise in zones of their contact (M.
musculus  M. domesticus  M. castaneus Waterhouse,
1842) and allopatric species (M. spicilegus  M. macedonicus  M. spretus) (Thaler et al., 1981; Bonhomme
et al., 1984; Sokolov et al., 1990; Boursot et al., 1993;
Sage et al., 1993). As a result the Mus musculus s.l. has
served as model group in studies of microevolution
(Boursot et al., 1993; Sage et al., 1993). In addition, this
species group has been valuable in studies concerning of
precopulatory isolating mechanisms and their formation
in phylo- ant ontogenesis (Kotenkova & Naidenko,
1999). It was demonstrated two large divergent groups
in Mus musculus s.l. (Boursot et al., 1993; Sage et al.,
1993). The first ones includes commensal genetic groups:
M. m. musculus, M. m. domesticus, and M. m. castaneus.
One approach is to give them subspecies status (Boursot
et al., 1993). The alternative approach is to classify all
genetic groups as species: M. musculus, M. domesticus,
and M. castaneus and after Sage et al. (1993) we
consider these as distinct species. One of the reasons of
such classification consists of high morphological and in
part chromosomal polymorphism of M. musculus (Kotenkova, 2000, 2003). According to many authors M.
musculus includes subspecies well distinguished on the
bases of external morphology, morphology of chromosomes and cranial morphology (M. m. wagneri Eversmann, 1948, M. m. raddei Kastchenko, 1910, M. m.
musculus and some other  Argiropulo, 1940; Vinogradov & Gromov, 1952; Lavrenchenko, 1994; Yakimenkoet al., 2000). Commensal taxa ofMus musculus s.l.
species group hybridise in zones of their contacts. There
is a narrow 1650 km wide zone of introgressive hybridisation between M. musculus and M. domesticus in Central Europe, a well-studied tension zone of secondary
contact (Boursot et al., 1993; Sage et al., 1993).
Intensive systematic studies, involving the investigation of allozyme variation and morphological analysis
of both genetically marked individuals and other museum specimens have revealed three species of the genus
Mus in the territory of the former Union of Soviet Social
Republics (USSR). One is commensal (Mus musculus),
while two are free-living (M. spicilegus and M. macedonicus) (Mezhzherin & Kotenkova 1989, 1992; Frisman et al., 1990). Some populations of house mice had
high levels of genetic polymorphism, sometimes extending across large zones (e.g. Transcaucasia, Primorskii Territory, Tuva, and Transbaikalia) (Mezhzherin et
al., 1994, 1998; Yakimenko et al., 2000).

The aims of this work are (i) evaluation of the
interdependence of commensalism and hybridisation in
evolution of Mus musculus s.l. species group, (ii) revision and discussion of origin of commensal Transcaucasian populations of house mice possessing high levels of
genetic variability.

Origin of Transcaucasian Populations of
House Mice
1. Protein polymorphism
Allozyme analysis has shown that Transcaucasian
populations of commensal house mice possess an admixture of musculus and domesticus genes (Mezhzherin
& Kotenkova, 1989; Milishnikov et al., 1990;
Mezhzherin et al., 1998). This region is either a zone of
secondary contact between musculus and domesticus,
with very wide introgression of domesticus genes into
the genome of musculus (Mezhzherin & Kotenkova,
1989; Frisman et al., 1990; Mezhzherin et al., 1994,
1998), or these are relict populations descended from
non-differentiated forms with ancestral polymorphism
(Milishnikov et al., 1990). The main feature of this zone
is the unusually large extent of domesticus genes, which
occur throughout the entire Transcaucasia (about 350
000 km2) (Mezhzherin et al., 1998).
Within the last decade much progress has been made
in the study of populations of the M. musculus species
group in India and Pakistan (Boursot et al., 1996; Din et
al., 1996). Populations of house mice from the northern
part of the Indian subcontinent are more heterozygous
than samples from any other regions. They also contain
the majority of the alleles that exist in the various
differentiated species at the periphery of the wider
geographic range of the group. According to a neighbour-joining analysis using Neis genetic distances, and
a factorial correspondence analysis of allelic composition, the Pakistanian and Indian populations occupy a
genetically central position with respect to the peripheral species. Boursot et al. (1996) and Din et al. (1996)
interpreted these results as a retention of ancestral genetic polymorphism and identified northern India as possible cradle of this commensal species. Mus musculus and
M. domesticus lineages probably started to differentiate
a few hundred thousand years ago in isolated mountain
areas, and they may have colonised the peripheral parts
of their ranges only recently. In a related publication
Orth et al. (1996) reiterated the view that the Transcaucasian region is a zone of secondary contact between M.
musculus and M. domesticus. However, a hybrid origin
of Transcaucasian populations of house mice is doubtful
in the light of some facts, which will be discussed below.
In Transcaucasian populations of commensal house
mice allozyme variation were studied in whole by different investigators in more than 200 individuals (Mezhzherin & Kotenkova, 1989, 1992; Milishnikov et al.,
1990; Frisman et al., 1990; Mezhzherin et al., 1992,
1994, 1998; Orth et al., 1996). On the basis of these data
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Figure 1. Geographic distribution of musculus and domesticus alleles in Transcaucasia. I  musculus alleles, II 
domesticus alleles.

1  Viselkovskii District, Krasnodar Territory, n=8 (Mezhzherin et al., 1992, 1998); 2 - city Groznyi, n=7 (Frisman et al., 1990); 3  coast
of Sulak River, Dagestan, n=5 (Mezhzherin et al., 1992, 1998); 4  coast of Caspian Sea, Dagestan, n=2 (Mezhzherin et al., 1998 ); 5 
city Makhachkala, Dagestan, n=3 (Milishnikov et al., 1990; Rafiev, 1990); 6  village Ismaili, Azerbaijan, n=4 (Mezhzherin et al., 1998);
7  village Eshindibi, Azerbaijan, n=10 (Mezhzherin & Kotenkova, 1989; 1992; Mezhzherin et al., 1992, 1994, 1998) ; 8  Azerbaijan,
n=5 (Mezhzherin et al., 1998); 9  city Baku, Azerbaijan, n=20 (Milishnikov et al., 1990; Rafiev, 1990); 10  Apsheron Peninsula, n=6
(Frisman et al., 1990); 11  Lenkoran District, Azerbaijan, n=7 (Rafiev, 1990); 12  Megri, Armenia, n=13 (Orth et al., 1996); 13 
Armenia, n=8 (Mezhzherin et al., 1998); 14  Vashvalan, Georgia, n=5 (Orth et al., 1996); 15  Didich-Chiragui, Georgia, n=4 (Orth et
al., 1996); 17  Lagodehi, Georgia, n=13 (Orth et al., 1996); 18  Lissy, Georgia, n=4 (Orth et al., 1996); 19  city Tbilisi, Georgia, n=4
(Orth et al., 1996); 20  Gori, Georgia, n=7 (Orth et al., 1996); 21  Helvachaury, Georgia, n=7 (Orth et al., 1996); 22  Botanical garden
of Batumi, Adzharia, n=12 (Mezhzherin & Kotenkova, 1989, 1992; Mezhzherin et al., 1994, 1998); 23  Kobulety, Adzharia, n=4
(Mezhzherin et al., 1998); 24  Kobulety, Adzharia, n=32 (Rafiev, 1990); 25  Gantiadi, Abkhazia, n=7 (Orth et al., 1996).

geographic distribution of musculus and domesticus genes in Transcaucasian populations of commensal
house mice were reconstructed (Fig. 1). Authors investigated different number of allozymes and these evaluations can be modified in the case of other set of diagnostic loci for musculus and domesticus, but it is possible to
assume that gene distribution presented in Fig.1 is adequate real situation. There are no good pronounced
genetic gradient suggesting introgression of domesticus
genes from the west to the east of Transcaucasia, but in
south-western Georgia (Batumi, Kobulety) house mice
possess predominantly domesticus genotype. Populations of Transcaucasia contain some alleles that are not
found in peripheral populations of M. musculus and M.
domesticus. Allele Pgm-2120 was found only in Transcaucasia (Orth et al., 1996), Pakistan and Deli popula-

tions (Din et al., 1996). According to Milishnikov et al.
(1990, 1994) and Rafiev (1990) in populations of Transcaucasia were found five alleles (Got-180, Gsr 70, Mod2125, Np-185, Pgd125), which were found also only in
population of M. musculus from Middle Asia with low
frequency. In whole different authors investigated allozyme variation (2134 loci) in 12 samples (n=77) from
Turkmenistan, three samples from Uzbekistan (n=44)
and two samples (n=22) from Tajikistan (Frisman et al.,
1990; Mezhzherinet al., 1992; Milishnikovet al., 1994).
Morphologically these mice were detected as Mus musculus wagneri Eversmann, 1948. They were short-tailed;
colour of back was pale straw; colour of belly was pure
white or whitish; border between coloration of back and
belly is distinct (Frisman et al., 1990; Mezhzherin et al.,
1992; Milishnikov et al., 1994). Alleles of diagnostic
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loci in house mice of this territory correspond to M.
musculus and mice from Middle Asia were similar to
those from European part of Russia (Frisman et al.,
1990; Mezhzherin et al., 1992). In two samples (n=5)
from Turkmenistan Prager et al. (1998) detected only B
allele in Zfy-2, along with only musculus mtDNA. Middle Asian populations showed high levels of genetic
diversity (Milishnikov et al., 1994) and authors considered this fact as presumably related to their proximity to
ancient centre of M. musculus origin. Some localities
from Turkmenistan were not far from the east and south
east coast of Caspian Sea. The presence of five alleles
mentioned above in populations of Transcaucasia and
Middle Asia support the idea of common origin of house
mice of these territories. Boursot et al. (1996) suppose
that M. m. musculus (=M. musculus according to our
terminology) originated in Transcaucasia or east of the
Caspian Sea. It is possible to suppose that the territory to
the east of Caspian Sea can be the cradle of this species
and ancient form of musculus could have colonised the
Transcaucasia not only round the north (Boursot et al.,
1996), but also round the south cost of Caspian Sea.
Probably the oriental lineage (according to terminology of Boursot et al., 1996) colonised Transcaucasia
from north of India other routes than ancient form of
musculus. The presence in Transcaucasia praetextuslike phenotypes (see below) and domesticus alleles of
diagnostic loci supports this possibility.
Transcaucasian sample from Kobulety (Adzharia)
was the most numerous and includes 32 specimens
(Milishnikov et al., 1990; Rafiev, 1990). There was no
found deficit of heterozygotes in this locality. The correspondence between expected and real frequency of
heterozygotes of diagnostic loci were demonstrated in
population of Kobulety. The fact supports the evidence
of genetic balance in this population.

2. Morphology
Presence of at least two commensal forms of house
mice has been traditionally recognised in the Transcaucasian region (Heptner, 1930; Argiropulo, 1940; Shidlovskii, 1947, 1958, 1976; Vereshchagin, 1959). They
were the occidental dark-bellied mice M. m. formosovi
(Heptner, 1930) and oriental white-bellied form identified by many authors as M. m. praetextus, M. m. bactrianus, and M. m. tataricus. In this work we use M. d.
praetextus, because according to Marshall (1998) lectotype of M. bactrianus Blyth, 1946, described from
Kandagar, Afghanistan, and holotype of M. d. praetextus Brants, 1827, described from Syria, do not differ and
M. bactrianus should now be considered as synonym of
M. d. praetextus. Revision of collections of genetically
marked individuals and other museum specimens (collections of zoological museums of Moscow, St. Petersburg, Kiev and others) confirms this concept in general,
although the patterns of variability of coloration and
length of the tail have proven to be far more complicated
(Mezhzherin et al., 1994, 1998). Commensal popula-

tions of Transcaucasian house mice were divided into
three phenotypes (Mezhzherin et al., 1998): (i) phenotype musculus  not large mice, coat colour varies and
can be gray, reddish or brownish, tail is shorter than
body, they are distributed in northern parts of Caucasus
and have diagnostic loci of musculus; (ii) phenotype
domesticus  large, long-tailed, very dark, sometimes
practically black mice with dark or black belly sometimes with albino sports, they are distributed in moist
subtropics of Adzharia, central Georgia, some parts of
Armenia and Dagestan; genotype is intermediate between musculus and domesticus; (iii) phenotype praetextus  large, long-tailed, white-bellied mice with light
brown or red back, they are distributed in steppe regions
of central Azerbaijan, genotype is intermediate between
musculus and domesticus. External morphology of the
house mice from Azerbaijan not differs from those of
Syria (15 specimens from St. Petersburg Zoological
Institute and two genetically investigated individuals;
Mezhzherin et al., 1998). There are also intermediate
phenotypes in many localities of Transcaucasia.
Of all Transcaucasian mice analysed by electrophoresis, only some individuals from Georgia demonstrated the occlusal surface of m1, in shape similar to that
of M. domesticus. The remainder of mice from the
region shows patterns usual forM. musculus. The populations of M. musculus from the northern Caucasus demonstrate a pattern typical for this species (Mezhzherin et
al., 1998).
According to multiple-factor analysis of cranial
morphology commensal populations of Transcaucasia
are similar to Mus musculus from European part of
Russia (Lavrenchenko, 1994). Author investigated more
than 700 individuals (M. m. musculus, M. m. wagneri,
M. m. raddei, M. domesticus, M. m. bactrianus, M.
spicilegus, and M. macedonicus) of 32 samples from
different localities of Russia, Bulgaria, Afghanistan,
Mongolia, and Cuba.

3. Reproduction, exploratory and sexual
behaviour in the light of concept of low fitness
of hybrids
Traditionally hybridisation is considered as negative
process because hybrids have genomic disruption and as
result lower fitness than either parental genotypes. The
European hybrid zone is considered a tension zone
(Boursot et al., 1993; Sage et al., 1993). The tension
zone model develops from a balance between the zonewidening effect of dispersal and the narrowing effect of
negative selection on heterozygotes. Evidence that negative selection might be acting comes from increased
loads of intestinal parasites in hybrids (Sage et al., 1986;
Moulina et al., 1991) and unique variants of nonmetric
skeletal traits from contact zone in Denmark (Schnell &
Selander, 1981). According to our preliminary data
Transcaucasian house mice reproduce in laboratory and
the litter size is similar with litter size of M. musculus.
There were no found any indications of lower fitness in
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behavioural experiments. In pair encounters (male and
oestrous female) on neutral territory Transcaucasian
males try to copulate with intra- and interspecific females (Transcaucasian females, females of M. musculus
and M. spicilegus) and were more active than males of
M. musculus and M. spicilegus (Potanskyi & Kotenkova, 1992). In other experiment a comparative analysis of
exploratory behaviour in different commensal taxa of
the Mus musculus species group was conducted in a 4 x
4 x 1.5 m enclosure (Kotenkova et al., 2003). The
interior of the enclosure imitated a room with table,
chair, plants, shoes and some other objects. The exploratory behaviour of the Transcaucasian house mice was
more similar to that of M. musculus there being two
significant differences with M. musculus from Moscow
and only one difference with M. musculus from the
Kerch Peninsula. They differed significantly from M.
domesticus in four behavioural patterns. Previous experimental analysis of exploratory behaviour of commensal and free-living mice has demonstrated some
differences in patterns of exploratory behaviour, which
closely correlate with ecology and lifestyle of species
(Kotenkova et al., 2003). If exploratory behaviour in
commensal and outdoor mice is an adaptation to their
living conditions, and the Transcaucasian populations
show similar patterns and strategy to differentiated commensal species, we can suppose that these results support the idea that Transcaucasian house mice are well
adapted to commensal living conditions.

4. Are Transcaucasian house mice hybrids
or not?
In summary, a hybrid origin of Transcaucasian populations of commensal house mice is doubtful in the light
of following facts.
1. There are no clear genetic gradients suggesting
introgression of domesticus genes from the west to the
east of Transcaucasia (Fig.1).
2. In all populations of Transcaucasia (except southwestern Georgia) only musculus type of Ychromosome has been found (Orth et al., 1996).
3. Populations of Transcaucasia have allele (Pgm2120) that was not found in other populations of M.
musculus and M. domesticus except populations of
Pakistan and Deli (Din et al., 1996; Orth et al., 1996).
Transcaucasian house mice have some alleles (Got-180,
Gsr 70, Mod-2125, Np-185, Pgd125), that were found also
only in populations of M. musculus from Middle Asia
with low frequency (Rafiev, 1990; Milishnikov et al.,
1994). Only in Transcaucasia were found two alleles
(Sod-1130 in Adzharia and Me-1120 in Baku) that were no
found in populations of M. musculus and M. domesticus
(Milishnikov et al., 1990).
4. In population of Kobulety there was no found
deficit of heterozygotes. The correspondence between
expected and real frequency of heterozygotes of diagnostic loci was demonstrated for this population (Rafiev,
1990).

'

5. According to multiple-factor analysis of cranial
morphology commensal populations of Transcaucasia
(from Adzharia) are similar to M. musculus from European part of Russia (Lavrenchenko, 1994).
6. There were no found some facts supported lower
fitness or lower fecundity of commensal Transcaucasian
house mice (Potanskyi & Kotenkova, 1992; Kotenkova
et al., 2003).
7. In a comparative analysis of exploratory behaviour
in eight populations of different species and subspecies of
house mice, the Transcaucasian population was similar to
populations of M. musculus (Kotenkova et al., 2003).
These facts favour the point of view that populations
of Transcaucasia are relicts of an early-differentiated
form (presumably related to M. musculus), preserving
much of ancestral gene pool. The second possible hypothesis is that populations of Transcaucasia are result
of hybridisation of ancient not finally differentiated
forms of house mice. May be ancient oriental lineage
(according to terminology of Boursot et al., 1996) and
ancient form of musculus were colonised the Transcaucasia and mixed in this territory. This hybrid complex
can exist and has own evolutionary development. The
Adzharian population would then be a product of contact between these forms and ancient or modern M.
domesticus from Turkey that was investigated by Gunduz et al. (2000). According to Prager et al. (1998) and
Gunduz et al. (2000) in Turkey and Iran that adjacent
with Transcaucasia domesticus and castaneus mtDNA
patterns are distributed. This model can only be considered a working hypothesis.
The following facts support hybridisation of Transcaucasia house mice with one of the form M. m. domesticus in Adzharia: only in this region domesticus genotype (allozymes and mtDNA haplotypes) predominated (Mezhzherin et al., 1994, 1998; Orth et al., 1996;
Prager et al., 1998) and domesticus type of Y-chromosome (Orth et al., 1996) was found; only in Adzharia
were found mice with the occlusal surface of m1, in
shape similar to that of M. domesticus. The remainder of
mice from Transcaucasia show patterns domesticus and
musculus mtDNA haplotypes followed more or less the
allozymic transition (Orth et al., 1996) and usual for M.
musculus shape of m1 (Mezhzherin et al., 1998).

Hybrid Zones of Eastern Asia
Large zones of hybridisation are present also in Asia.
Genetic investigations of commensal house mice demonstrated large hybrid zones in the south of Primorskii
Territory, Tuva and Transbaikalia (Frisman & Korobitsyna, 1990; Frisman et al., 1990; Frisman et al., 1990).
According to Yakimenko et al. (2000) there are a minimum of three large hybrid zones in Primorskii Territory,
Amur Province and Sakhalin. Investigation of allozyme
variation, karyotypes and mtDNA support thatM. musculus and M. castaneus hybridise in these territories (Korobitsynaet al., 2000; Yakimenko & Korobitsyna, 2000). In
Primorskii Territory have been found alleles typical for
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domesticus. In whole it was demonstrated that the taxa
involved in the formation of these hybrid zones are M.
castaneus, M. domesticus and various subspecies of M.
musculus. The hybrid zone of Primorskii Territory is very
young, dating to the last 3040 years of the 19th Century
at a time when the territory of Primorskii Territory was
settled by people from Amur Province; the European
part of Russia, Siberia, and China. In Primorskii Territory house mice can not live outside human houses,
formation and structure of this hybrid zone was closely
connected with their transition by people.

Hybrid Zones and Speciation
There are some different kinds of hybridisation in
commensal taxa of house mice.
1. A narrow 1650 km zone of introgressive hybridisation between M. musculus and M. domesticus in
Central Europe, a well-studied tension zone zone of
secondary contact (Boursot et al., 1993; Sage et al.,
1993).
2. Large zones of gene introgression in Asia between
M. castaneus, M. domesticus and various subspecies of
M. musculus (Frisman & Korobitsyna, 1990; Frisman et
al., 1990; Yakimenko et al., 2000).
3. Hybrid origin of M. m. molossinus of Japanese
Islands (Yonekawa et al., 1988), according to Sage et al.
(1993) this is possible example of stabilised hybrid
genome.
4. Hybrid origin of population at Lake Casitas,
California, intermediate between M. musculus and M.
castaneus (Orth et al., 1998).
5. Hybridisation of different commensal taxa in large
cities (Milishnikov, 1994; Milishnikov et al., 1994).
Allozyme variation of commensal mice in large cities
(Brno, Moscow and Samarkand) was higher than in
other populations.
It is possible to predict different ways of evolution in
hybrid populations: stabilisation of hybrid genome, formation of premating reproductive isolation arise between parental taxa because of reinforcement and dedifferentiation of closely related taxa. The analysis of
different kinds of hybridisation supports the hypothesis
of dedifferentiation (Mezhzherin et al., 1994) and
demonstrates that now this process really exists in commensal populations of house mice.
Analysis of hybrid populations of commensal house
mice demonstrates the particular significance of hybridisation in the evolution of commensal taxa. This enhanced role in commensals is linked to their unique
ability to expand their geographic ranges through human
agency and even survive as commensals in areas that are
beyond their physiological tolerance.
According to Golenishev & Malikov (2003) hybridisation can be important factor of evolution not only in
commensal, but also in wild living rodents.
ACKNOLEDGMENTS. I thank Alexander Milishnikov
for discussion the problems of hybridisation in house mice

and suggestions about manuscript. The authors research was
supported by the Russian Foundation of Basic Research,
grant 04-04-48412.

References
Argiropulo A.I. 1940. [The Fauna of the USSR. Mammals.
T.3. Vyp.5. Family Muridae  Mice]. Moskva-Leningrad:
Izdatelstvo AN SSSR. 170 p. [in Russian].
Bonhomme F., Catalan J., Britton-Davidian J., Capman V.M.,
Morivaki K., Nevo E. & Thaler L. 1984. Biochemical
diversity and evolution in the genus Mus // Biochemical
Genetics. Vol.22. No.34. P.275303.
Boursot P., Auffray J.C., Britton-Davidian J. & Bonhomme F.
1993. The evolution of house mice // Annual Review of
Ecology and Systematics. Vol.24. P.119152.
Boursot P., Din W., Anand R., Darviche D., Dod B., von
Deimling F., Talwar G.P. & Bonhomme F. 1996. Origin
and radiation of the house mouse: mithochondrial DNA
phylogeny // Journal of Evolutionary Biology. Vol.9.
No.4. P.391415.
Din W., Anand R., Boursot P., Darviche D., Dod B., JouvinMarche E., Orth A., Talwar G.P., Cazenave P-A. &
Bonhomme F. 1996. Origin and radiation of the house
mouse: clues from nuclear genes // Journal of Evolutionary Biology. Vol.9. No.5. P.519539.
Frisman L.V. & Korobitsyna K.V. 1990. [Genetic differentiation of house mice in the South of the Soviet Far East] //
Genetica. Vol.26. No.12. P.21472155 [in Russian, with
English summary].
Frisman L.V., Korobitsyna K.V.& Yakimenko L.V. 1990.
Genetic differentiation of USSR house mice: electrophoretic study of proteins // Biological Journal of the
Linnean Society. Vol.41. No.1. P.6572.
Frisman L.V., Korobitsyna K.V., Yakimenko L.V.& Vorontsov N.N. 1990. [What biochemical groups of house mice
distribute in the territory of the USSR] // Allenova T.V.,
Korobitsyna K.V. & Kosoi M.T. (eds.). [Evolutionary
Genetic Studies of Mammals]. Vladivostok: DVO AN
SSSR. T.1. P.3554 [in Russian].
Golenischev F.N. & Malikov V.G. 2003. [Evolutionary and
systematic aspects of historical interrelations of discretely
heterogenic genetic pools] // Golenischev F.N. & Baranova G.I. (eds.). [Theriological Investigations]. No.3. P.23
40 [in Russian, with English summary].
Gunduz I., Coskun T., Malikov V., Vaziri A., Polyakov A.V.
& Searle J.B. 2000. Mitochondrial DNA and chromosomal studies of wild mice (Mus) from Turkey and Iran //
Heredity. Vol.84. No.4. P.458467.
Heptner W.G. 1930. Uber die Rassen von Mus m. musculus im
ostlichen Kaukasus (Cis- und Transkukasien) // Zoologisher Anzeiger. Bd.89. Hf.12. S.522.
Korobitsyna K.L., Yakimenko L.V., Frisman L.V., Moriwaki
K. & Yonekawa H. 2000. [Genetic investigations of wild
house mice from hybrid zones of Russian Far East] //
Agadjanian A.K. & Orlov V.N. (eds.). [Systematics and
Phylogeny of Rodents and Lagomorphs]. Moskva: Teriologicheskoe Obshchestvo. P.7981 [in Russian].
Kotenkova E.V. 2000. [Commensal and wild-living mice of
Mus musculus s.l. species complex: systematics, distribution, lifestyle, isolating mechanisms and evolution]. Av-

Hybrid zones in Mus
toreferat Dissertatsii na Soiskanie Uchenoi Stepeni Doctora Biologicheskih Nauk. Moskva. 55 p. [in Russian].
Kotenkova E.V. 2003. Systematics and distribution of the
house mice of Russia and neighbouring countries, with
special regards to zones of high genetic polymorphism //
Singleton C.R., Hinds L.A., Krebs C.J. & Spratt D.M.
(eds.). Rats, Mice and People: Rodent Biology and Management. ACIAR Monographs. Vol.96. P.148150.
Kotenkova E.V., Ambarian A.V., Kandaurov A.S. & Meshkova N.N. 2003. Exploratory behavior and response to
olfactory cues by the Mus musculus species group: implications for the origins of Transcaucasian forms of Mus //
Singleton C.R., Hinds L.A., Krebs C.J. & Spratt D.M.
(eds.). Rats, Mice and People: Rodent Biology and Management. ACIAR Monographs. Vol.96. P.151154.
Kotenkova E.V., Meshkova N.N. & Zagoruiko N.V. 1994.
Exploratory behaviour in synantropic and outdoor mice
of superspecies complex Mus musculus // Polish Ecological Studies. Vol.20. No.34. P.377383.
Kotenkova E.V. & Naidenko S.V. 1999. Discrimination of
con- and heterospecific odors in different taxa of the Mus
musculus species group: Olfactory cues as precopulatory
isolating mechanism // Johnston R.E., Muller-Schwarze
D. & Sorensen P. (eds.). Advances in Chemical Communication in Vertebrates. Proceedings of the Eighth International Symposium on Chemical Signals in Vertebrates,
July 2025 1997. New York: Kluwer Academic & Plenum Publishers. P.299308.
Lavrenchenko L.A. 1994. [Analysis of craniometric characters of house mice Mus musculus sensu lato (Rodentia,
Muridae): a multivariate approach] // Zoologicheskii
Zhurnal. T.73. No.7. P.169178 [in Russian, with English summary].
Marshall J.T. 1998. Identification and Scientific Names of
Eurasian House Mice and Their European Allies, Subgenus Mus (Rodentia: Muridae). Springfield: Virginia. 80 p.
Mezhzherin S.V. & Kotenkova E.V. 1989. [Genetic marking
of subspecies of the house mice of the USSR] // Doklady
Akademii Nauk SSSR. T.304. No.5. P.12721275 [in
Russian].
Mezhzherin S.V. & Kotenkova E.V. 1992. Biochemical systematics of house mice from the central Palearctic region
// Zeitschrift für zoologische Systematik und Evolutionsforschung. Bd.30. Hf.3. P.180188.
Mezhzherin S.V., Kotenkova E.V. & Mikhailenko A.G. 1994.
[Hybrid zones] // Kotenkova E.V. & Bulatova N.S. (eds.).
[House Mouse]. Moskva: Nauka. P.3750 [in Russian,
with English summary].
Mezhzherin S.V, Kotenkova E.V & Mikhailenko A.G. 1998.
The house mice, Mus musculus s.l., hybrid zone of TransCaucasus // Zeitschrift für Säugetierkunde. Bd.63. Hf.2.
P. 154168.
Mezhzherin S.V., Kotenkova E.V., Zikov A.E. & Mikhailenko A.G. 1992. Morphological and genetic variability of
house mice Mus musculus s. lato of western Palearctic
region // Karaseva E.V. (ed.). [Commensalism of Rodents
and Regulation of Their Density]. Moskva: Rossiiskaya
Akademiya Nauk. P.231255 [in Russian].
Milishnikov A.N. 1994. [Comparative protein variability in
populations] // Kotenkova E.V. & Bulatova N.S. (eds.).

!

[House Mouse]. Moskva: Nauka. P.116139 [in Russian,
with English summary].
Milishnikov A.N,. Lavrenchenko L.A., Rafiev A.N. & Orlov
V.N. 1990. [High level of introgression of Mus domesticus genes into populations of M. musculus s. str. in
Transcaucasia] // Doklady Akademii Nauk SSSR. Vol.311.
No.3. P.764768 [in Russian].
Milishnikov A.N., Rafiev A.N. & Orlov V.N. 1994. [Genetic
variation in populations of the house mouse Mus musculus L. 1758 s. stricto from western, central, and southeastern parts of species range] // Genetica. Vol.30. No.7.
P.906912 [in Russian, with English summary].
Moulina C.J., Aussel P., Bonhomme F., Boursot P., Nielsen
J.T. & Renaud F. 1991. Wormy mice in a hybrid zone: A
genetic control of susceptibility to parasite infection //
Journal of Evolutionary Biology. Vol.4. No.4. P.679687.
Orth A., Adama T., Din W.& Bonhomme F. 1998. Hybridation naturelle entre deux sous-especes de souris domestique, Mus musculus domesticus et Mus musculus castaneus, pres du lac Casitas (Californie) // Genome. Vol.41.
No.1. P.104110.
Orth A., Lyapunova E., Kandaurov A., Boissinot S., Boursot
P., Vorontsov N. & Bonhomme P. 1996. Lespece polytypigue Mus musculus in Transcaucasie // Comptes Rendus de lAcademie des Sciences, Paris. Series 3: Sciences
de la vie. Vol.319. No.5. P.435441.
Prager E.M., Orrego C. & Sage R.D. 1998. Genetic variation
and phylogeography of central Asian and other house
mice, including a major new mithochondrial lineage in
Yemen // Genetics. Vol.150. No.2. P.835861.
Potanskyi V.G.& Kotenkova E.V. 1992. [Experimental study
of precopulatory isolating mechanisms between three genetically differentiated forms of house mice genus Mus] //
Izvestiya Akademii Nauk, Seriya Biologicheskaiya. No.6.
P.881887 [in Russian, with English summary].
Rafiev A.N. 1990. [Protein polymorphism of house mice
(genus Mus) in the territory of the USSR]. Avtoreferat
Dissertatsii na Soiskanie Uchenoi Stepeni Kandidata Biologicheskih Nauk. Moskva. 26 p. [in Russian].
Sage R.D., Atchley W.R. & Capanna E. 1993. House mice as
a model in systematic biology // Systematic Biology.
Vol.42. No.4. P.523561.
Sage R.D., Heyneman D., Lim K.-C. & Wilson A.C. 1986.
Wormy mice in a hybrid zone // Nature. Vol.324. No.6092.
P.6063.
Schnell G.D. & Selander R.K. 1981. Environmental and
morphological correlates of genetic variation in mammals
// Joule J. & Smith M.H. (eds.). Mammalian Population
Genetics. Athens: University of Georgia Press. P.6099.
Sokolov V.E, Kotenkova E.V. & Lyalyukhina S.I. 1990.
[Biology of the House and Mound-building Mice]. Moskva: Nauka. 207 p. [in Russian, with English summary].
Shidlovskii M.V. 1947. [Rodents of the Black Sea coast of
Georgia] // Trudy Zoologicheskogo Instituta AN Gruzinskoi SSR. Vol.7. P.212221 [in Russian].
Shidlovskii M.V. 1958. [Small mammals of Klukhorskyi
region] // Trudy Zoologicheskogo Instituta AN Gruzinskoi SSR. Vol.16. P.215222 [in Russian].
Shidlovskii M.V. 1976. [Guidebook of Rodents of Transcaucasia]. Tbilisi: Metsniereba. 255 p. [in Russian].

!

Elena V. Kotenkova

Thaler L., Bonhomme F., Britton-Davidian J. & Hamar M.
1981. The house mouse complex of species: sympatric
occurrence of biochemical groups Mus 2 and 4 in Rumania // Zeitschrift für Säugetierkunde. Bd.46. Hf.3. P.169
173.
Vinogradov B.S. & Gromov I.M. 1952. [Rodents of the Fauna
of the USSR. Guidebooks on the Fauna of Russia, Issued
by Zoological Institute of Academy of Sciences of the
USSR. Vyp.48]. Moskva, Leningrad: Izdatelstvo AN
SSSR. 297 p. [in Russian].
Vereshchagin N.K. 1959. [Mammals of the Caucasus: History of Fauna Formation]. Moskva-Leningrad: Izdatelstvo
AN SSSR. 703 p. [in Russian].
Yakimenko L.V. & Korobitsyna K.L. 2000. [Cytogenetic and
morphological investigation of house mice of southern

Transbaikalia] // Agadjanian A.K & Orlov V.N. (eds.).
[Systematics and Phylogeny of Rodents and Lagomorphs]. Moskva: Teriologicheskoe Obshchestvo. P.188
191 [in Russian].
Yakimenko L.V., Korobitsyna K.L, Frisman L.V., Moriwaki
K. & Yonekawa H. 2000. [Genetic studies on house mice
from the hybrid area of the Primorskii Territory] // Genetica. Vol.36. No.1. P.7786 [in Russian, with English
summary].
Yonekawa H., Moriwaki K., Goton O., Miyashita N., Yoshibumi M., Shi L., Cho W.S., Zhen X-L.& Tagashira Y. 1988.
Hybrid origin of Japanese mice Mus musculus molossinus : Evidence from restriction analysis of mithochondrial DNA // Molecular Biology and Evolution. Vol.5.
No.1. P.6378.

