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tion 1,10-12. The exothermic reaction of MIC gas with 
cellular water is thought to cause molecular 11 - 15, cellu- 
lar 1, 5, cytogenetic s, 16, 17 and morphological dam- 
age 4, 8. Most of the abnormalities could not be discarded 
by self-eliminating processes in successive generations of 
plants; this indicates that MIC has long-term effects on 
biological systems. 
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Summary. Two chromosome markers of Mus hortulanus are described: a dotted Y chromosome exceeding half of the 
length of autosome 19, and the 'domesticus' type of C-banding in the X chromosome. In Mus musculus from distant 
regions of the USSR (more than 200 specimens of various subspecies), the Y chromosome is equal to autosome 19, 
and the X chromosome is o f  the 'molossinus' type. Specific biochemical characteristics of house mice of the USSR 
are shown. 
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The relative uniformity of all chromosomes of the house 
mouse complement hinders cytogenetic studies of these 
animals. Beginning from 1970 the newest techniques 
have been used for analysis of chromosome structure in 
Mus musculus. Nevertheless, the problem of chromo- 
some markers for differentiation of laboratory strains, 
and as subspeeific and specific diagnostic criteria for var- 
ious forms of house mice, has not been solved. 
Comparative electrophoretie studies 2-4 provided the 
framework for the recognition of five genetic units in 
Europe: Mus domestieus, M. musculus, M. spretus, M. 
hortulanus and M. abbotti. M. domestieus and M. mus- 
culus hybridize in Central and South Europe 5, and from 
there M. musculus extends all over the USSR. M. hortu- 
lanus inhabits southern Europe, but the eastern limit of 
its range has not been determined. M. abbotti's range 
extends at least close to the Caucasus, but remains to be 
clarified. Also, the relationships between these species 
and Asian house mice are not known 6, 7. 
M. hortulanus differs from M. musculus in several ecolog- 
ical and ethological traits, even though the two species 
are very similar in morphology 7, 8. The hitherto-de- 

scribed karyotype of M. hortulanus, when compared to 
that of the house mouse, reveals no peculiarities by con- 
ventional staining, or in C-banding 7, 9. 
The paper presents the results of comparative studies of 
M. musculus s. str. and M. hortulanus, thus completing 
the data of Mezhzherin 1~ The species assignment of 
animals was determined according to Bonhomme et 
al. 11. 

Materials and methods 
More than 200 mice from 35 localities in the USSR were 
studied (table). Specimens from Kalmykia, Tuva and 
Transbaikalia were obtained both indoors and outdoors 
in summer. Animals from Moldavia were obtained in 
winter. 
The chromosomes were prepared from cells of the bone 
marrow using standard procedures. C-banding for re- 
vealing the heterochromatin regions of chromosomes 
was performed according to Sumner 12. The horizontal 
electrophoresis of proteins was carried out in starch gel 
with the buffer systems described by Selander et al. 13, 
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Samples ][dh-1 Sod-1 Aat-I  M b b  Alb Est-1 Est-2 
a b c d a b a b s d p a f* 1"* a x*** b b c x**** 10f 

1. Moldavia ,  
obta ined  
in mounds ,  
n = 8  + 

2. Moldavia ,  
obta ined  
indoors  and  
in hays tacks ,  
n =  10 + 

3. Podmoskovye ,  
Apsheron ,  
Ka lmykia ,  
Siberia, 
Cent ra l  pa r t  
o f  Tnva and  
Transbaikal ia ,  
n = 29 + 

4. Extreme south  
o f  Tuva and  
Transbaikal ia ,  
n = 40 + + 

5. Pr imorye,  
n = 123 + + + 

+ + + + + + 

+ + + + + + + + + 

+ + 0.95 + + + + + + 

+ + + + + + 0.03 + + + + + + + + 

+ + + + + + + + + 0.95 + + + + + + 
Alb- l - f*  - a little faster than  Alb-I-a  
Est- l - l** - a little faster than Es t - l -a  
Est- l -x*** - a little slower than  Es t - l -a  
Est-2-x**** - a little slower than  Est-2-c 

+ + 

Results and discussion 
Electrophoretic analysis o f  proteins. An electrophoretic 
study of the following 26 loci was conducted: Ldh-l,. 
Ldh-2, Ldr, Mod-1, Mod-2, Mor 1, Idh-l,  Sod-l, Sod-2, 
Pgd, Sdh, e-Gpd, Aat-l ,  Aat-2, Hbb, esterases and com- 
mon muscle protein. The table summarizes data on the 
occurrence of alleles of the marker proteins. The result, 
as compared with the profiles published in Bonhomme et 
at. t l ,  allows the Moldavian mice obtained in mounds to 
be referred to Mus-4B ( = M. hortulanus). Mice of sam- 
ples 2,3 belong to the form Mus-2A ( = M. musculus). 
For the mice of the extreme south of Tuva and Trans- 
baikalia (wagneri-raddei?), there is evidence for a slight 
difference. Thus: Idh-l-a  was found here along with Idh- 
l-b, and Aat- l-a  and Sod-l-a are represented here to- 
gether with Aat-b and Sod-l-b. The difference is also 
confirmed by a karyotypical peculiarity of these mice. 
They are characterized by very large marker C-blocks in 
chromosomes 17 and 18 s, 14. At the same time, an anal- 
ysis of 26 loci does not allow us to assign to them any 
specific status other than M. muscutus. 
Primorye is populated obligately by the synantropic form 
of house mouse, which externally is mostly similar to 
castaneus. According to the set of  variants of marker 
proteins, a mixing of gone pools of two forms at least 
takes place over the territory given 15. The biochemical 
form 2C-castaneus has moved here from the south. The 
second partner may be either 2A-musculus or most prob- 
ably some other Central-Asian form. 
The karyotype analysis. The karyotypes analysed in this 
study contain exclusively acrocentric chromosomes 
(2n = NF = 40). The chromosomes form a series contin- 

C-banded  karyo type  o f  male  mice. a) M. hortulanus; b) M. muscu&s. 
Note  the dot ted  appearance  o f  the Y ch romosome  o f  M. hor~ulanus and  
the difference in C-band  pa t te rns  of  the X chromosomes  of  M. museulus 
and  M. hortulanus. 

uously decreasing in size. An exception is the Y chromo- 
some of M. hortulanus, which has a dotted appearance 
and a length which is no more than half of that of auto- 
some 19 (fig., a). As far as this can be judged from a 
pattern of metaphase chromosomes in squash prepara- 
tions, the same dotted Y chromosome is typical for an- 
other aboriginal species, M. spretus 16. We also found the 
reduced size of the Y chromosome in M. abbotti from 
Transcaucasus 17. 
Minor variations of the relative length of the Y chromo- 
some in house mice are known is' 19. This chromosome 
may be as long as autosome 18, or may be somewhat 
shorter than autosome 19. The Y chromosome of exam- 
ples of M. musculus studied is comparable in size to the 
autosomes 18 and i9 (fig., b). Our studies, based on 
literature data and a large number of specimens of our 
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own, show that  the frequency of  occurrence o f  the dot ted  
Y chromosome in the genus Mus is known today  only in 
the aboriginal  species M. spretus, M. abbotti and M. 
hortulanus. 
Peculiarities of  C-banding of  the chromosomes of  some 
forms of  house mice may  serve as a systematic character.  
The heterochromat in  mater ia l  of  M. hortulanus is also 
concentrated in the pericentromeric regions o f  its chro- 
mosomes and distr ibuted rather  regularly in chromo- 
somes. The C-band pa t te rn  did not  show any characters 
marking  this form, except in the X chromosome.  This 
sign deserves special at tent ion when eytogenetic analyses 
of  house mice are being carried out. 
Today, two variants of  C-band pat tern  of  the X chromo-  
some are known for house mice. The C-band pat tern in 
M. domesticus from various laboratory strains 19-21 is 
characterized by a bright  pericentromeric block;  the in- 
tensity of  euchromat in  staining is similar to that  of  auto-  
somes. Another  variant  of  the X-chromosome was found 
in M. m. molossinus f rom Japan  zl and later  in M. mus- 
culus f rom the USSR 14. The C-band  in this variant  is 
very small and stains dimly; after mild t reatment  with 
bar ium hydroxide,  the staining o f  euchromatin  is more  
intensive than in autosomes.  The slight C-posit ive band 
is observed in the proximal  par t  (fig., b). These variants 
of  the X chromosome we have tentatively called the 'do-  
mesticus'  and 'molossinus '  types, respectively 14. We have 
found the 'domest icus '  type of  X chromosome in M. 
hortulanus (fig., a) and M. abbotti 17 

According to our  studies, the range of  var ia t ion in size 
and dis tr ibut ion of  the C-heterochromat in  in the karyo-  
type o f  M. musculus of  the USSR fauna is very great, 
and obviously superior  to such indices in M. domesticus 

from the natura l  popula t ion  and labora tory  strains. In 
this case the character  of  C-banding of  the X chromo- 
some in our  samples turned out  to be stable and of  the 
'molossinus '  type. The uniform variant  of  the X chromo-  
some observed by us in all specimens of  M. musculus may 
indicate that  these mice constitute a monophylet ic  group. 
These da ta  agree well with the results of  molecular  inves- 
t igation 22, 23, according to which four subspecies o f  M. 
domesticus have the same variant  of  the Y chromosome,  
whereas M. m. molossinus, M. m. castaneus and M. m. 
musculus possess the other one. According to m t D N A  
results 24 molossinus and musculus are remarkably  simi- 
lar. I t  is notewor thy  that  the 'molossinus '  type of  the X 
chromosome was found by  us both  in synantropic  and in 
supposedly wild forms of  mice (wagneri and raddei  from 
the south of  Siberia), thus making it possible to assume 
that  they are closer than is currently accepted. We assume 

that  the 'domest icus '  type may  be a plesiomorphic  vari- 
ant  of  the X chromosome.  
The results obtained allow us to conclude that  not  only 
biochemical  characters but  peculiarities of  sex chromo- 
somes as well are convenient markers  for the diagnosis of  
some taxa in the subgenus Mus. The pat tern  of  C-seg- 
menta t ion  of  the X chromosome may  serve as a diagnos- 
tic criterion for elucidating the question of  involvement 
of  M. domesticus ( e . g . M . d .  bactrianus) in the format ion  
of  the fauna of  house mice in the USSR.  It  may  also help 
to solve the problem of  the origin o f  some labora tory  
strains as well as to determine the boundaries  of  distribu- 
tion of  the forms domesticus and musculus. The described 
peculiarit ies of  the Y chromosome in M. spretus, M. 

hortulanus and M. abbotti will help to outline distinctly 
the limits of  their distr ibution and to differentiate be- 
tween aboriginal  and synantropic  house mice. 
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