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Introduction 
The reduction of the population mean for a quantitative trait such as size, fertility, vigour, 
yield, and fitness is a negative consequence of inbreeding known as inbreeding depression. 
The phenomenon has been experimentally observed in numerous wild and domestic animal 
species (Falconer and Mackay 1996; Lynch and Walsh 1997). The inbreeding coefficient is a 
quantitative measure of inbreeding defined by Wright (1922) and by Malécot (1948), in 
terms of correlation and probability, respectively. Until recently inbreeding coefficients have 
been mostly estimated from pedigree information. As pedigree inbreeding coefficient (FPED) 
refers to the expected value, there is no sampling variation in its value for individuals with 
the same pedigree. An additional assumption is that there are no systematic changes in allele 
frequencies due to selection (Wright 1951, 1965). Thus, consequently, it is appropriate for 
traits controlled by a number of loci that are close to infinity i.e. expected to be the same as 
at neutral loci. As the main effect of inbreeding is to render the population homozygous at 
the cost of decrease in heterozygosity, decline in heterozygosity is expected to be correlated 
with increase of inbreeding coefficient on, both, individual and population level. Berskin et 
al. (1970) and Groen et al. (1995) on population level and Curik et al. (2002) on individual 
level showed, by Monte Carlo simulations, that increase in FPED do not correspond to the 
expected heterozygosity decline (inbreeding coefficient derived from the heterozygosity) 
when selection is affecting a trait controlled by a finite number of loci. Contradictory results 
were obtained in the first empirical analyses (based on less than 30 microsatellite loci) of the 
correlation between FPED and individual heterozygosity by Ellegren (1999) and Curik et al. 
(2003) as correlation coefficients were -0.82 (P<0.0001) and -0.03 (P=0.526), respectively. 
Balloux et al. (2004) and Slate et al. (2004) have shown that the number of markers required 
to estimate genome-wide heterozygosity should be much higher than commonly applied (20 
to 50 markers).  
The main goal of this study was to analyse relationship between individual genome-wide 
heterozygosity and FPED in artificially selected population, here Simmental (Flechvieh) bulls, 
as well as to analyse the trend in heterozygosity and inbreeding over a period of 30 years 
period.  
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Material and methods 
Data. The analyses performed relate to 1851 dual purpose Simmental (Fleckvieh) bulls born 
from 1975 to 2004. 
Heterozygosity and inbreeding coefficients. Individual heterozygosity was calculated as 
the number of heterozygous loci divided by the total number of analyzed loci. Calculations 
were done for all loci (pHt1-29) and for each chromosome separately (pHt1, pHt2, pHt3, …, 
pHt29). Inbreeding coefficients (FPED) were calculated for each bull, from the pedigree data 
file consisting of 24071 animals, by the tabular method using the algorithm of Van Raden 
(1992). We also calculated inbreeding coefficients with restricted pedigree information in 
terms of maximum number of generations included (FPED3, FPED4, FPED5, …, FPED20). The 
discrete generation equivalent (EqG) is computed for each individual as the sum of (1/2)n, where 
n is the number of generations separating the individual from each known ancestor (Boichard 
et al., 1997).  
Genotyping. Genotyping was performed for 54001 SNPs using the Illumina Bovine 
SNP50TM Beadchip. After excluding SNPs with allele frequencies less than 1%, SNPs that 
strongly deviated from Hardy-Weinberg equilibrium and SNPs on Y chromosome, we 
considered 42198 SNPs for analysis. 
Statistical analyses. Data manipulation, descriptive statistics, and simple statistics were 
obtained using various SAS procedures (SAS Institute, Cary, NC). Existence of population 
structure can influence estimation of correlations. To reduce potential bias we repeated all 
analyses over population structures with respect to birth year and graphical illustration 
obtained from PCA analysis using EIGENSTRAT software (Patterson et al. 2006). 

Results and discussion 
Descriptive statistics of FPED and pHt1-29, as well as their correlations, r(FPED, pHt1-29), with 
respect o birth year and position in the population are provided in Table 1. Calculated 
correlations were higher for subpopulation defined as Bulls born after 1998 versus Bulls born 
before 1999 and for subpopulation defined as Peripheral population versus Central 
population which is indication that population structure, here birth year and PCA based 
position, does influence correlations between FPED and pHt1-29. Although, EqG is expected to 
have influence on the estimation of correlations studied. Mean values of EqG for Bulls born 
after 1998 were 3.976±0.107, for Bulls born before 1999 were 3.925±0.206, for Central 
population were 4.000±0.000 and for Peripheral population were 3.749±0.301, and we think 
did not contribute strongly to the differences in observed correlations. Thus, we also 
observed somewhat lower values, -0.331 (P<0.0001) for r(FPED3, pHt1-29) and -0.491 
(P<0.0001) for r(FPED8, pHt1-29).  
Unfortunately, there are no similar analyses performed for comparison, so it is difficult to 
evaluated are correlations obtained within expectable range. Correlations between FPED and 
individual chromosomal heterozygosities varied from -0.201 for r(FPED, pHt8) up to -0.0789 
for r(FPED, pHt12). The magnitude of correlations was strongly influenced by the number of 
SNPs genotyped per chromosome. Thus, among the first four highest correlations all 
chromosomes had more then 1800 SNPs genotyped. In contrast, among the first lowest 
correlations only one chromosome had 1356 SNPs genotypes while three other chromosomes 
had less then 870 SNPs genotyped.  



Table 1: Descriptive statistics of pedigree inbreeding coefficient (FPED), individual 
heterozygosity (pHt1-29) and their Pearson correlation coefficients$, r(FPED, pHt1-29), in 
Simmental cattle with respect to birth year and PCA defined population structure. 
 

Population structure Variable N Mean (Std) / Correlation$ Range 
Whole population FPED 1851 0.011 (0.012) 0.000; 0.091 
 pHt1-29 1851 0.338 (0.009) 0.295; 0.382 

 r(FPED, pHt1-29) 1851 -0.491 (P<0.0001)  
Bulls born after 1998 FPED 919 0.014 (0.001) 0.000; 0.091 
 pHt1-29 919 0.338 (0.009) 0.295; 0.382 

 r(FPED- pHt1-29) 919 -0.555 (P<0.0001)  
Bulls born before 1999 FPED 932 0.008 (0.011) 0.000; 0.071 
 pHt1-29 932 0.338 (0.008) 0.299; 0.370 

 r(FPED, pHt1-29) 932 -0.451 (P<0.0001)  
Central population# FPED 1278 0.011 (0.012) 0.000; 0.076 
 pHt1-29 1278 0.338 (0.008) 0.295; 0.382 

 r(FPED, pHt1-29) 1278 -0.475 (P<0.0001)  
Peripheral population# FPED 574 0.006 (0.009) 0.000; 0.063 
 pHt1-29 574 0.340 (0.009) 0.317; 0.382 

 r(FPED, pHt1-29) 574 -0.530 (P<0.0001)  
#Central population was defined with respect to PCA1 [-0.04, 0.01] and PCA2 [-0.2, 0.2] intervals, while all other 
bulls were considered as members of Peripheral population. 
 

 
Figure 1: Trend for individual heterozygosity (pHt1-29) and pedigree inbreeding 
coefficients (FPED) over birth years of the bulls. 



This suggests that for the population analyzed much large number of SNPs would be 
required to obtaine stable estimates of r(FPED, pHti) i.e. the estimates not infuluenced by the 
number of SNPs genotyped. While we expected that FPED will increase during 30 year 
period, we were surprised by the stability of pHt1-29 value which remained constant around 
0.338, (see Figure 1a. and 1b.). We are interested if the same pattern would be present in a 
population with higher inbreeding.  

Conclusion 
For the artificially selected population, here Simmental cattle with mean inbreeding of 1.1% 
and mean discrete generation equivalent (EqG) equal to 3.951, genotyped for 42198 SNPs 
correlation between FPED and pHt1-29 was not high (-0.491; P<0.0001)) but varied across 
different population structures. When correlations were estimated chromosome-wise the 
number of SNPs (range from 804 to 2739) strongly affected estimates. While inbreeding 
coefficients increased over period of 30 years, the values obtained for individual 
heterozygosity were rather stable. Similar analyses on populations of various structures are 
required to for comparisons and better understanding of inbreeding depression. 
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