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INTRODUCTION 
At present the point of the inter-breed and inter-species differentiation of spontaneous somatic 
chromosome instability has not been studied in farm animals. The establishment of mean 
population level of chromosomal anomalies is the condition needed for ecological-genetic 
monitoring of populations. Some indexes of cytogenetic instability are used as the criterion of 
negative anthropogenic influence (Pilinskaya et al., 1992). The variation in chromosome 
instability level within background indexes limits probably reflects the adequate reaction of 
animal organism to exo- and endogenous factors. The frequencies of karyotype disorders in 
individuals vary within rather wide range. It is important to note that there are a number of 
papers dealing with genetic predisposition to a higher level of spontaneous chromosome 
instability (Brunner et al., 1996).  Consequently, selection of animals with ‘relative’ stable 
karyotype is urgent because improving created breeds is of vital important. First and fore most, 
the cytogenetic control is necessary for the animals which are intensively used in herd 
reproduction. 
 
MATERIAL AND METHODS 
The adult animals belonging to the most common cattle breeds (Black-and-White and 
Simmenthal) in West Siberia were selected for cytogenetic analysis. The level of chromosome 
instability was studied in peripheral blood lymphocytes of 34 cows and 28 bulls. The blood 
cells cultivation and production of metaphase preparations were done through the conventional 
method (Moorhead et al., 1960). The blood cultures were fixed after 48 hrs of their cultivation. 
On the average 100 cells were analyzed for each animal. The chromosome anomalies were 
recorded according to the criteria suggested by Bochkov et al. (1989). The cytogenetic studies 
of 8056 metaphases with the detailed analysis of 3450 of them were included. 
 
Statistical analyses. The obtained results were processed by the methods of variety statistics.  
 
RESULTS AND DISCUSSION 
As a results of the cytogenetic investigation the spectrum and frequencies of chromosome 
anomalies were established in somatic cells of cattle (Table 1). The numerical mutations in the 
both breeds arose 8-9 times more often than the structural ones. The inter-breed differences 
were noted in the frequency of cells with modified number of chromosomes. So, the Black-and-
White animals exceeded the Simmenthals in this index (P<0.001). The cells with numerical 
mutations in the investigated animals had the polyploid and aneuploid chromosome sets. The 
polyploid cells were recorded 1.9 time more often in the Black-and-White breed (P<0.001). The 
variety of polyploidy level in the former was from 1.9 to 13.2% and in the latter it was from 0 to 
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6.8%. The spectrum of polyploids in the Black-and-Whites was various. The cells with 3n 
(0.14%), 4n (5.48%), 5n (0.01), 6n (0.16%) 8n (0.06%) sets were marked. Only triploids 
(0.14%) and tetraploids (2.93%) presented the polyploids in the Simmenthal animals. 
According to the opinions of some researchers (Uryvaeva, 1981) the growth of polyploid cells 
rate gives rise to the organism resistance to genetics disorders. We repute that the cell 
polyploidization in animals probably is one of the regularity mechanisms of chromosome 
homeostasis. Again the increasing polyploidy level can reflect the intensity of organism growth.  
 
Table 1. The indexes of cytogenetic instability in Black-and-White and Simmenthal 
animals, % 
 

Black-and-Whites Simmenthals Index 
Χ ±SΧ  lim Χ ±SΧ  lim 

Polyploidy 5.81±0.50 1.9-13.2 3.1±0.32 0-6.8 
Aneuploidy 5.92±0.32 3.0-10.0 7.08±0.43 3.0-13.3 
Hyperploidy 0.58±0.13 0-2.0 0.27±0.11 0-1.94 
Hypoploidy 5.34±0.32 2.0-10.0 6.81±0.42 3.0-13.3 
Cells with 
numerical 
mutations 

 
19.42±1.30 

 
7.0-35.2 

 
13.85±0.95 

 
5.0-30.8 

Fragments: 1.74±0.24 0-6.0 2.52±0.31 0-5.9 
singles  0.74±0.17 0-4.0 1.57±0.2 0-4.0 
pairs 1.0±0.2 0-4.0 0.95±0.18 0-3.0 
The breaks in a 
centromere region 
of chromosomes 

 
0.26±0.09 

 
0-1.9 

 
0.29±0.11 

 
0-2.0 

Total aberrations 1.99±0.26 0-6.0 2.78±0.35 0-7.0 
 
The aneuploidy level was higher in Simmenthal animals than that in Black-and-Whites 
(P<0.05). The significant differences in the frequency of hypoploid cells between the groups 
were estimated (P<0.01). It is known that one of the reasons of arising with lost chromosomes 
is the aberrant chromosome elimination. We revealed the negative correlation  (r=-0.63±0.15) 
between frequencies of cells with 2n-2 set and structural disorders in Simmenthals (P<0.05). 
Resulting from the relation the accumulation of cells short of genetic material may occur and 
lead to the decrease in organism total homeostasis. 
 
The frequency of chromosome fragmentation in Simmenthal breed was 2 times higher as 
compared with Black-and-Whites (P<0.01). On the average the total level of structural 
aberrations in the breeds did not exceed the established background indexes in others species of 
mammals (Dmitriev, 1997 ; Kochneva, 2001). The analysis of intra-groups frequencies of 
chromosome aberrations showed that 39 и 48%, Simmenthal and Black-and-White animals, 
respectively, did not exceed the average group indexes. 13% animals of the both breeds had no 
structural disorders.  
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We studied the sex influence on the chromosome instability in both groups. The data are 
presented in table 2. The Black-and-White bulls characterized by the higher frequency of cells 
with numerical mutations than the cows (P<0.01). The level of structural aberrations in 
Simmenthal bulls was 2.4 times higher as compared with the cows (P<0.001). Thus, we may 
suggest that the cows of studied breeds had the more stable karyotypes.  
 
Table 2. The indexes of cytogenetic instability in cow and bulls of Black-and-White and 
Simmenthal breeds, % 
 

Black-and-Whites Simmenthals Index 
bulls cows bulls cows 

Polyploidy 6.95±0.77 4.87±0.59 2.98±0.48 3.19±0.45 
Aneuploidy 6.32±0.48 5.59±0.43 7.2±0.37 6.99±0.74 
Hyperploidy 0.78±0.21 0.41±0.15 0.42±0.2 0.15±0.11 
Hypoploidy 5.54±0.5 5.18±0.44 6.78±0.3 6.84±0.74 
Cells with 
numerical 
mutations 

 
23.08±1.83 

 
16.81±1.51 

 
13.63±1.61 

 
14.03±1.16 

Fragments: 1.84±0.29 1.65±0.36 3.6±0.38 1.63±0.33 
singles  1.14±0.29 0.41±0.15 2.25±0.24 1.01±0.24 
pairs 0.71±0.26 1.24±0.28 1.34±0.31 0.63±0.18 
The breaks in a 
centromere region 
of chromosomes 

 
0.35±0.17 

 
0.18±0.1 

 
0.57±0.2 

 
0.06±0.06 

Total aberrations 2.2±0.36 1.82±0.38 4.1±0.44 1.69±0.36 
 
The wide individual differences in the ratio of chromosome disturbances were revealed in 
breeds. In some cases either numerical or structural mutations were registered, in others – 
both. No differences were established for the distribution of types of chromosome disorders.  
 
CONCLUSION  
On the basis of the above data we can note that the karyotype of studied animals is 
characterized by the different frequencies of chromosome instability. The multiaberrant cells in 
the animals were not observed and this points out to the spontaneous origin of mutations. The 
point is confirmed by the absence of exchange type aberrations that arise due to either 
radioactive or chemical environmental factors. Consequently, the conditions, where the 
investigated animals are kept, were ‘relatively’ normal and the established frequencies of 
somatic chromosome instability may be used as the background indexes for these West Siberia 
breeds.  
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