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Microsatellites of mouse chromosome 11 were used to characterize genomic changes 
on this chromosome in small populations. Populations were kept under different 
mating principles to (1) minimize the rate of inbreeding (MRI) and (2) to conserve the 
phenotypes of the basic population (BPC). Both populations were generated from a 
common base population with an effective population size of 20 mating pairs. After 
13 generations the phenotypic values of body weight did not differ significantly from 
the initial population in both mating variants. However, the estimated coefficient of 
inbreeding was significantly increased in variant BPC compared to MRI. Microsatellite 
marker analysis proved the occurence of significant differences in allele frequency 
distributions between both mating variants as recorded at the 13th generation. 
Significantly, a complete loss of specific microsatellite alleles was evident in both 
mating variants. The number of lost alleles in the variant BPC was twice as high as 
in the variant MRI. Thus, microsatellite analyses confirmed the expectation that the 
consequent reduction of inbreeding contributes to both reduction of genetic losses and 
maintenance of the original phenotypes.
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Introduction

In domestic animals as well as in zoo and wild animals the preservation of 
genetic variety is of major importance to keep a wide scale of different species, 
races, and lines in our colorful nature. This natural abundance is, on the one hand, 
prerequisite for the adaptability to changing environmental conditions, and, on 
the other hand, it provides the genetic resources in animal breeding for selection 
of different and changing traits from among vital farm animals. Traditional 
methods of selection combined with artificial insemination and embryo transfer 
are prone to cause losses of genetic variability. Furthermore, the use of a reduced 
number of favorite breeding bulls in large populations contributes in traditional
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breeding strategies to a quick dissemination of favorable genomic variants re­
sulting in the improvement of the trait. Yet, recessive inherited negative effects 
of secondary traits or even defect genes may cosegregate with the same speed. 
Thus, it is a general aim of breeders to include new genetic information into 
selection programs to increase the precision of the selection response on the 
background of highly viable animals. Depending upon selection requirements, it 
may be necessary to include the genetic determinants of various traits being 
conserved in small populations into selection strategies. In livestock production 
numerous endangered populations are kept to maintain their typical charac­
teristics, while inbreeding is minimized. Guidelines for conservation by living 
animals are given by Frankham 1995. These include the maximization of initial 
heterozygosity, the minimization of the number of generations, and the maxi­
mization of the effective population size.

In our model study small mouse populations which have been kept under 
different mating schemes were analyzed for their genetic variability. The mating 
principles choosen served to (1) minimize the rate of inbreeding in the MRI 
population and (2) to conserve the original phenotypes of the basic population in 
the BPC population. Exploiting this material, our study seeks to evaluate changes 
in the phenotypic trait, the development of the inbreeding coefficients, and to 
analyze allele frequencies of genetic markers at the beginning of the experiment 
and after 13 generations. Body weight at 42 days was recorded as phenotypic trait. 
Microsatellite markers of mouse chromosome 11 were used to assess changes of 
genetic diversity within both mating variants. A linkage of markers on this 
chromosome with a quantitative trait locus (QTL) affecting body weight was 
proven in the initial base population (Brockmann et al. 1996). Both mating variants 
might yield different changes in allele frequencies of genetic markers linked with 
the QTL.

Material and methods

We used as stock population the outbred strain Fzt:Du which was generated in 1969 by systematic 
crossbreeding of four inbred and four outbred strains (Schüler 1985). At the beginning of the 
experiment full-sibs of 42 different pubs of this strain were distributed to the two small populations 
MRI and BPC. Starting with the first generation the effective population size was fixed at 20 males 
and 20 females. Animals were mated at a ratio of 1:1. The two small populations differed in their 
mating schemes. Computer programs were developed for two different mating principles which 
provided a mating regime (1) to minimize the rate of inbreeding (MRI) in one population, and (2) to 
maintain the original phenotypic distribution of body weight of the basic population (BPC) in the 
other population. In the mating variant MRI animals with lowest kinship coefficients estimated 
throughout the following three generations were mated without consideration of phenotypic traits. In 
the variant BPC those animals with lowest differences between the pedigree value for body weight 
and the breeding value of the basic animals were used for the mating decision. Full-sib mating was 
not allowed in both populations. The following model was used for breeding value estimation: 
yijklm  =  otij +  (3k + Yk + w iji + uijim +  eijklm, with a -  effect of generation, p -  effect of repeat, y = effect of 
sex, w = effect of litter, u = effect of animal, e = residual. The pedigrees were used for genetic analyses
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and the estimation of inbreeding coefficients. For the comparison of allele frequency changes the 
X2-test was applied (Rasch et al. 1978).

The body weight at 42 days was recorded for each animal as the phenotypic trait. Animals were 
fed ad libitum.

Microsatellites D llM it236, D llM it36, D llM it213, D llM itl25 , D llM itl26 , D llM itl80  and 
D llM it214 (Research Genetics, Huntsville) were used as genetic markers to characterize genetic 
diversity of the small populations. All animals of both populations were genotyped at the beginning 
of the experiment and after 13 generations. DNA for microsatellite analyses was prepared from mouse 
tails clips. PCR and fragment analyses were carried out as described previously (Das et al. 1996). A 
genotype standard was loaded for each microsatellite locus on all gels to assure proper data analyses.

Results

Body weight

Data on the body weights at day 42 of the mating variants minimal inbreeding 
rate (MRI) and basic phenotype conservation (BPC) are presented in Table 1. In

Table 1. Mean body weights and standard errors (SE) for the populations MRI 
(minimal rate of inbreeding) and BPC (basic population conservation) at 
generations 0 and 13. a’ b -  significantly different at p < 0.05.

Generation 0 Generation 13

Mean SE Mean SE

MRI 27.91 3.18 28.73a 3.37
BPC 27.58 4.23 27.59l) 2.84

variant MRI the phenotype was not considered for the mating scheme, while the 
mating scheme in variant BPC should preserve the phenotype of the base 
population. Initially, the body weight was alike in both experimental groups, since 
they were descendant from sibpairs of the same base population. No significant 
difference in body weight was evident until generation 13 within each population 
compared with generation 0, and between populations at the same generation.

Inbreeding

Changes in the development of the coefficient of inbreeding was estimated for 
each small population via the kinship matrix of the population. In variant MRI 
inbreeding was minimized by mating only of those animals having the lowest 
kinship coefficients. These were estimated for the following three generations. The 
estimates for the inbreeding coefficients are shown in Table 2. Inbreeding 
increased in both lines. However, after 13 generations the inbreeding coefficient 
in the variant BPC was 2.6 times higher compared to MRI. The inbreeding rate
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Table 2. Estimates for the inbreeding coefficients and the gain of inbreeding calculated per 
generation in the populations MRI (minimal rate of inbreeding) and BPC (basic population 
conservation). In the population MRI animals with lowest kinship coefficients estimated 
for the following three generations were mated. In the population BPC only those animals 
were mated with lowest differences between the actual pedigree value for body weight and 
the breeding value of the basic population; full-sib matings were prohibited.

Inbreeding coefficients Gain of inbreeding (%)

MRI 0.07 0.5
BPC 0.18 1.4

per generation was accelerated by 1.4% in the BPC protocol, as opposed to (nly 
0.5% under the MRI regime.

Allele frequencies

The development of both small populations was accompanied by the analyses 
of seven genetic markers located on mouse chromosome 11. These markers ccver 
the entire chromosome, with an average distance of 10 cm between adjacent 
markers. In the base population, 3 to 6 different microsatellite alleles per marker 
were detected. Chi-square testing was applied to compare shifts in allele fre­
quencies between variants. Initially, both populations had similar frequencies of 
microsatellite alleles at all loci. Significant alterations of the allele frequencies 
were recorded after 13 generations in both mating variants. Six out of seven

Generation 0 Generation 13

D11Mit236 

D11Mit36 

D11 Mit213 

D11 Mit125 

D11 Mit126 

D11 Mit180 

D11Mit214
-35 45 -35 45

Differences in allele frequencies

Fig. 1. Differences in the number of microsatellite alleles between the mating variants MRI and BPC 
in generations 0 and 13. The columns for each allele represent the difference of the absolute number 
of the allele in the population MRI versus BPC. In correspondence with the population size 82 alleles 
were present at each locus in generation 0 and 80 in generation 13. Significant allele frequency 
changes between both populations are labeled with asterisk (p < 0.05).



Characterization of small populations 175

MRI (min. inbreeding) BPC (body weight)

Differences in allele frequencies

Fig. 2. Differences in the number of microsatellite alleles between the beginning of the experiment 
and after 13 generations are shown for both mating variants MRI and BPC. Significant allele 
frequency changes within a population after 13 generations are labeled with asterix (p < 0.05).

analyzed microsatellite markers showed significant changes between the MRI and 
BPC mating protocols. No difference was evident at locus D llM itl25 being located 
on the distal region of this chromosome. The differences in the allele distribution 
patterns between both small populations are shown in Fig. 1 for all markers at 
generations 0 and 13.

Changes in allele frequency distributions within each population are sum­
marized in Fig. 2. Within the variant BPC differences in allele frequencies between 
generations 0 and 13 were proved at all loci, while the allele frequencies of only 
three out of seven loci were influenced in variant MRI. In part, these changes in 
allele frequencies were accompanied by a complete loss of microsatellite alleles. 
From among 29 alleles having originally been in both populations, 6 and 3 alleles 
were lost in variants BPC and MRI, respectively, after 13 matings. Losses were 
highest at loci with a high number of alleles, but it was also observed at loci with 
only 3 alleles.

Discussion

The two small populations having been kept under different mating principles 
were analyzed for their phenotypic and genetic development over 13 generations. 
Both mating principles are suitable to maintain the phenotype of the base 
population with respect to body weight performance. Using a genealogical aimed 
mating design (MRI) and a phenotypic one (BPC) the body weights did not change 
significantly from the basic population after 13 generations.
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The inbreeding coefficients varied largely between both of these small popu­
lations. Mating strategies are known to strongly influence the development of 
inbreeding in populations. Simulation studies indicated the relevance of hier­
archical or factorial mating designs in livestock with and without selection for 
performance traits (Grundy et al. 1994, Leitch et al. 1994). Villanueva et al. (1994) 
and Woolliams (1989) modeled the controlling rate of inbreeding in MOET nucleus 
schemes for beef cattle. Under all the strategies studied to control inbreeding, the 
effects of proportional reductions in rates of inbreeding were always higher than 
those in genetic response.

Brem et al. (1990) demanded for long term-conservation of the genetic varia­
bility to restrain the rate of maximum gain in the rate of inbreeding at 1% per 
generation in populations with an effective size of 50 individuals. The genealogical 
aimed mating variant MRI complies with the above requirements since it results 
in only 0.5%. However, in the variant BPC which was directed towards the 
maintenance of the phenotype of the base population, the gain of inbreeding rate 
was 1.4%. Thus, in this population the genetic variability can not be preserved to 
the same extent.

The analyses of microsatellites on chromosome 11 support this suggestion. The 
loss of alleles in variant BPC was twice as high as in variant MRI. Hence, only 
10% of alleles were lost, if the kinship matrix was included into the mating 
decision. However, a loss of 20% was evident, if the phenotype was considered as 
exclusion criterion for the mating decision. The high proportion of significant 
differences in allele distribution patterns between the initial and the 13th 
generation combined with a high loss of marker alleles in the variant BPC is 
conceivably caused by the phenotype selection protocol applied for the mating 
decision. On chromosome 11, a quantitative trait locus affecting body weight was 
localized in segregating family populations from crosses of a mouse line selected 
for high body weight to a control line (Brockmann et al. 1996, 1998). The selected 
and control lines used for those crosses, and also the small populations examined 
here were established from the same basic population Fzt:Du. It may be assumed, 
that this population comprising 200 mating pairs preserves the highest number 
of QTL alleles. Probably, those alleles were enriched in the small population BPC 
contributing to an average body weight, while alleles responsible for extreme 
growth rates were lost. In small mouse populations selected divergent^ for high 
and low body weight from a common base population, an enrichment of specific 
marker alleles results from selection forces and genetic drift (Keightley et al. 1996). 
Therefore, the consequent reduction of inbreeding proves as superior strategy for 
the preservation of all alleles contributing to QTLs over mating of phenotypically 
highly selected animals.

Although the changes of allele frequencies were recorded only for micro­
satellites on chromosome 11, they might be representative for the entire genome.
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