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Estimation of inbreeding and effective population size in Simmental cattle using genomic information
N. Karapandža1, I. Curik2, M. Špehar1 and M. Ferenčaković2
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Precise estimates of effective population size and a degree of inbreeding are of great importance for population and 
conservation genetics. Experience has shown that estimates based on pedigree data are often unreliable and imprecise. 
High resolute genomic information, as one of the most polymorphic types of information, was highlighted as much 
more precise for this kind of calculations. In this research, we used genotypes of 107 Simmental young animals. 
Dual purpose Simmental breed represents dominant part of Croatian cattle population (62.8%) under selection 
scheme. Effective population size (Ne) was estimated based on a functional relationship of Ne and correlation r2 and 
recombination rate (c). To estimate Ne through generations we used a multithreaded tool SNeP. Regression analysis 
was used to estimate current effective population size, and a value of Ne=110 (95%CI: 101.98-118.02) was obtained. 
Historical estimates of the Ne during the last 100 generations showed linear decrease of 29.24 per generation. We 
also estimated inbreeding levels based on runs of homozygosity (ROH) for every animal. Averaged values were 
as follows: FROH1=0.026 (0.015-0.045), FROH2=0.01 (0.004-0.019), FROH4=0.002 (0-0.006) while we did not 
detect any inbreeding originating from up to 6.25 generations ago. ROH and LD calculations were done by PLINK 
while data manipulation, regression analysis and visualizations were done using SAS 9.4. For comparison, we 
calculated Ne based on pedigree information using ENDOG software, which computes Ne via individual increase 
in inbreeding. For a population of 107 genotyped animals we obtained a value of 229.18, and for the population 
of 682 bulls that are of great importance for artificial insemination value of 264.92. Mean inbreeding was 0.42 
and 0.27%. We can conclude that genomic information will be very useful to understand genetic diversity of the 
Simmental population with respect to genetic selection. In addition, it will help to identify genomic regions which 
have been preferentially selected.
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Brazil is among the top beef producers in the world and its high international competitiveness is due in most part to 
the adaptation and productive efficiency of the country’s most predominant breed, the Nellore cattle. However, to 
remain competitive, increasing genetic progress for various economically important traits is crucial and investigating 
alternative selection strategies, such as combining economically important traits through a Principal Components 
(PC) approach. This study was carried out to investigate the feasibility of genomic predictions of PCs for growth 
traits (weaning and post-weaning weight gain), visual scores (conformation, finishing precocity and muscling), and 
a reproductive trait (scrotal circumference) in Nellore cattle. The dataset used for this study included phenotypic 
and pedigree information from 355,524 animals and genotypes from 3,519 animals (genotyped either with the 777K 
(HD) or the 76K SNP chip, and, then, accurately imputed to HD). Covariance components and estimated breeding 
values were obtained from a multi-trait analysis using a mixed linear animal model. Then an eigen-decomposition 
of the additive genetic covariance matrix (A) was used to calculate the EBVs for the first three PCs, which were 
used as pseudo-phenotypes in the genomic analyses. A forward-prediction validation scheme was implemented, 
in which the dataset was split into training (birth years: 1990 to 2008) and validation (birth years: 2009 to 2010) 
populations. Prediction accuracy was measured as the Pearson’s correlation between pseudo-phenotypes and 
Genomic Estimated Breeding Values (GEBV) and were calculated to be equal to 0.59, 0.50 and 0.43 for the first, 
second and third PC, respectively. These results indicate the possibility of genomically select PC for growth, visual 
score and reproductive traits in Nellore cattle.
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