
 
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 

 
Genomic estimates of inbreeding and coancestry in Austrian Brown Swiss cattle  

 
F. Gómez-Romano1, J. Sölkner2, B. Villanueva1, G. Mészáros2,3, M.A.R. de Cara4, A.M. Pérez O’Brien2 and J. Fer-

nández1 

1Departamento de Mejora Genética Animal, INIA, Madrid, Spain, 2University of Natural Resources and Life Sciences, Aus-
tria, 3The Roslin Institute and the R(D)SVS, University of Edinburgh, UK, 4Laboratoire d’Eco-anthropologie et Ethnobiolo-

gie, Museum National d’Histoire Naturelle, Paris, France 
 
 

ABSTRACT: Coancestry and inbreeding coeffi-
cients have been usually calculated from pedigree data. The 
increasing availability of high density panels of SNP mark-
ers provide us with an opportunity for estimating these 
coefficients with higher accuracy. Estimates of inbreeding 
and coancestry obtained on SNP-by-SNP basis have been 
used widely. Estimates of inbreeding based on ROH have 
also been used in different farm animal species. However, 
the use of IBD segments for estimating coancestry is much 
less widespread. In this study, estimates of genomic 
coancestry based on Identical By Descent (IBD) segments 
and genomic inbreeding based on Runs Of Homozygosity 
(ROH) have been obtained, as well as genomic estimates 
for both coancestry and inbreeding computed on a SNP-by-
SNP basis and computed on pedigree data.  The corre-
sponding effective population sizes have been calculated 
from these estimates. Ne that have been obtained in the 
present study are rather small whether we used molecular or 
pedigree measures of inbreeding or coancestry in the calcu-
lations. This result highlight the importance of implement-
ing active management strategies to control the rise of in-
breeding and coancestry and the loss of genetic diversity in 
farm animal breeds even if the population census sizes are 
reasonably large. 
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Introduction 
 

Inbreeding (F) and coancestry (f) coefficients are 
key parameters in the genetic management of populations. 
Since F is subject to individual mating decisions (i.e., 
whether or not breeders avoid mating relatives or not) and 
the extent of inter flock/herd movement, genetic variability 
is better measured by f than by F. However, inbreeding 
depression depends on inbreeding, not on f. 

Traditionally, F and f have been calculated from 
pedigree records. These pedigree-based estimates give only 
expectations of the proportion of loci with Identical By 
Descent (IBD) alleles (F), or the proportion of alleles that 
two particular animals have received from the same ances-
tor (f). However, the use of high-density panels of SNP 
markers currently available in most farm animal species can 
give more accurate estimates of F and f that reflect the true 

proportions (de Cara et al. (2011); Gómez-Romano et al. 
(2013)). Alternative genomic estimates based on SNP geno-
types have been proposed recently. They include i) esti-
mates obtained on a SNP-by-SNP basis (de Cara et al. 
(2011)); and ii) estimates based on runs of homozygosity 
(ROH) for F (Mc Quillan et al. 2008; Keller et al. 2011; 
Ferencakovic et al. 2013) or IBD (identical by descent) 
segments for f (Pryce et al. (2012); de Cara et al.(2013)). 

While the use of ROH for estimating inbreeding is 
now being applied to different farm animal species, the use 
of IBD segments for estimating coancestry is much less 
widespread, and there are very few examples of its use in 
real populations (Pryce et al. (2012)). Phases of SNP geno-
types need to be known prior the calculation of IBD seg-
ment coancestry and this is the main difficulty for obtaining 
this estimate.  Phases are not available due to the character-
istics of current genotyping techniques and therefore they 
need to be inferred.  

In this study we explore the feasibility of calculat-
ing the IBD segments-based coancestry from real data from 
the Austrian Brown Swiss cattle breed. Comparisons be-
tween pedigree and molecular based measures of inbreed-
ing and coancestry are also presented. 

Materials and Methods 

Genomic and genealogical data. Genomic infor-
mation from the Illumina BovineSNP50 BeadChip v1 for 
415 bulls Brown Swiss was available for the study. Un-
mapped SNPs and those mapped on sex chromosomes were 
excluded from the analysis. Also, SNPs with more than 
10% missing genotypes were removed. After quality con-
trol, the number of SNPs available was 36,734. 

 
Inbreeding and coancestry coefficients. The cal-

culation of the molecular SNP-by-SNP relationships was 
based on the allelic relationship method proposed by Nejati-
Javaremi et al. (1997). At a given SNP the allelic coances-
try between two individuals i and j is 0.25 𝛿!"!
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where  𝛿!" is the allele sharing status being equal to 1 if 
allele i from the first individual is the same to allele j from 
the second individual and 0 otherwise. Then, the estimated 
genomic coancestry between i and j (𝑓!"#) is the average 



value across all SNPs in the genome. The molecular in-
breeding coefficient of individual i was calculated 
as  𝐹!" =   2𝑓!"" − 1. 

 
Genealogical coancestry and inbreeding coeffi-

cients were calculated using the software RTools (Pong-
Wong, personal communication) using the genealogy con-
structed with all the ancestors available for the genotyped 
individuals (5,642). 

 
The inbreeding coefficient based on ROH (FROH) 

was defined as the length of the genome present in ROH, 
divided by the overall length of the genome covered by 
SNPs (Leutenegger et al. (2003)). The following criteria 
were used to define a ROH: i) 2 missing calls were allowed; 
ii) 1 heterozygous call was allowed; iii) minimum density 
of SNPs was least 1 per 0.1 Mb; iv) maximum gap between 
consecutive homozygous SNPs was 1 Mb; and v) minimum 
length was 4 Mb. The minimum length to define a ROH 
was set to 4 Mb because, as shown by Ferenčaković et al. 
(2013), autozygosity is overestimated for shorter segments 
when using the 50K chip.  

 
Coancestry coefficient based on IBD segments 

(fIBD) was calculated as in de Cara et al. (2013): 
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where LIBDk (ai,bj) is the length of the k-th shared IBD seg-
ment ROHk measured over homologue a of individual i and 
homologue b of individual j, and L is the length of the ge-
nome. 

 
Rates of inbreeding and coancestry and effec-

tive population size. The slopes of the regressions of ln(1 – 
F) and ln(1 – f) on year of birth year give respectively mi-
nus the annual rate of change in inbreeding (ΔF) and 
coancestry (Δf). Both rates were calculated on a SNP-by-
SNP basis (ΔFM(y), ΔfM(y)) and based on ROH or IBD seg-
ments (ΔFROH(y), ΔfIBD(y)). Annual pedigree-based rates 
(ΔFPED(y),  ΔfPED(y)) were also computed. Rates of change in 
inbreeding per generation (ΔFM, ΔFROH and ΔFPED) were 
calculated as LΔFM(y), LΔFROH(y) and LΔFPED(y), where L is 
the generation interval. The generation interval was calcu-
lated as the average age of the parents at the birth of their 
offspring. Similarly, rates of change in coancestry per gen-
eration were calculated as LΔfM(y), LΔfIBD(y) and LΔfPED(y), 
Finally, the effective population size was estimated from 
the rate of change in inbreeding as Ne_F(M) = 1/2∆FM, 
Ne_F(ROH) = 1/2∆FROH and Ne_F(PED) = 1/2∆FPED. Equivalent 
estimates from rates of coancestry (Ne_f(M), Ne_f(IBD) and 
Ne_F(PED) ) were also obtained. 

 
Pearson´s correlation coefficients between differ-

ent estimates of coancestry and inbreeding were calculated. 
Also, in order to evaluate the accuracy of predicting any of 
the three estimates of inbreeding from the others, regres-

sions of ln(1 – Fx) on ln(1 – Fy), where x and y refer to M, 
ROH and PED, were performed. Equivalent regressions for 
coancestry were also performed. 

 
Phase estimation. The prediction of phases was 

performed using the SHAPEIT2 software (Delaneau et al. 
(2013)). This software was developed to infer haplotype 
phases in large genomic regions with high SNP density 
panels and it improves accuracy and computational effi-
ciency when compared with other methods for sample sizes 
up to 1,200 (Delaneau et al. (2013)). Each chromosome was 
phased independently using the default parameters (7 burn-
in iterations, 20 main iterations). 

 
Results and Discussion 

 
Table 1 shows the rates of inbreeding and coances-

try per year, per generation and the corresponding Ne calcu-
lated using molecular and pedigree data. The highest Ne 
estimated from the rate of inbreeding was that computed 
from pedigree (Ne_F = 36.54). Sölkner et al. (1998) found a 
higher value for Ne_F (109) for the same population when 
using pedigree information. The difference between both 
estimates could be due to the evolution of the pedigree 
during the 16 years elapsed between both studies (e.g., 
applying a stronger selection pressure by using sires with 
high estimated breeding values). When estimated from the 
rate of coancestry the highest Ne was that computed from 
IBD segments (Ne_f). 

 
Table 1. Molecular (Mol1 and Mol2) and pedigree-based 
(PED) rates of coancestry and inbreeding per year (Δf(y) 
and ΔF(y), respectively) and per generation (Δf and ΔF) 
and effective population sizes computed from Δf (Ne_f) 
and from ΔF (Ne_F). Estimates Mol1 were obtained on a 
SNP-by-SNP basis. Estimates Mol2 were obtained from 
ROH (F) or IBD segments (f). 

	   Mol1 Mol2 PED 
Δf (y) (%) 0.45 0.17 0.21 
Δf (%) 4.00 1.50 1.90 

Ne_f 12.57 32.76 26.88 
ΔF(y) (%) 0.21 0.22 0.16 
ΔF (%) 1.81 1.94 1.45 

Ne_F 27.10 26.32 36.54 
 
 
In general, Ne_F was higher than Ne_f. This could be 

possibly due to the management strategy implemented on 
the breed that avoids matings between close relatives which 
leads to lower rates of inbreeding than rates of coancestry. 
Notwithstanding, all estimates (pedigree- or marker-based) 
are quite low, especially having in mind that the number of 
individuals the breed comprises is not small. 

 
Table 2 shows correlations between different esti-

mates of inbreeding and coancestry. The values follow the 
same pattern both for correlations between coancestry or 
between inbreeding coefficients. The highest correlations 



were found between coefficients calculated on a SNP-by-
SNP basis and those based on ROH (or IBD segments) and 
the lowest were found between coefficients calculated on a 
SNP-by-SNP basis and those based on pedigree. The corre-
lation between FPED and FROH was similar to that obtained 
by Ferenčaković et al. (2013a) in the same Brown Swiss 
population (0.66). 

 
Table 2. Correlation (r) and regression (b) coefficients 
between different estimates of ln(1 – f) and ln(1 – F). 
Mol1: SNP-by-SNP estimate; Mol2: IBD segments esti-
mate for f and ROH-based estimate for F; PED: pedi-
gree estimate. 

   f F 
Regression r b r b 

Mol1 on Mol2 0.84 0.89 0.76 0.80 
Mol2 on	   Mol1 0.70 0.66 
Mol1 on	   PED 0.36 0.47 0.56 0.63 
PED on	   Mol1 0.34 0.51 

Mol2 on	   PED 
0.51 

0.59 
0.67 

0.71 
PED on	   Mol2 0.40 0.55 

 
 
The accuracy of predicting fPED from both fM and 

fIBD was very low. Slightly higher accuracies were found for 
predicting molecular coefficients from genealogical coeffi-
cients. Similar results (i.e. low slopes) were also observed 
for the regressions between inbreeding coefficients based 
on pedigree and any of the marker-based inbreeding coeffi-
cients (Table 2). Contrarily, the regressions of SNP-by-SNP 
on ROH estimates were high, both for F and f. The regres-
sions of ROH on SNP-by-SNP estimates were also high. 
 

The complexity of estimating genotype phases is a 
point to keep in mind when using coancestries estimated 
from IBD segments as the results obtained depend on the 
method employed to estimate the haplotypes in the popula-
tion. Other software tools, different to SHAPEIT, could be 
tested in order to investigate the consistency of the results. 

 
Conclusion 

 
The estimates of Ne that have been obtained in the 

present study are rather small whether we used molecular or 
pedigree measures of inbreeding or coancestry in the calcu-
lations. This result highlight the importance of implement-
ing active management strategies to control the rise of in-
breeding and coancestry and the loss of genetic diversity in 
farm animal species even if the population census sizes are 
reasonably large. 

 
We have also observed that the coefficients ob-

tained from pedigrees are better predictors of molecular 
coefficients than the other way round. However this could 
be a side effect of the particular characteristics of the data. 
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