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Figure 2. Accuracy values of genomic evaluation in threshold traits with two (2Thresh), four (4Thresh),
eight (8Thresh), sixteen phenotypic levels (16Thresh) which are analyzed by threshold models and
sixteen phenotypic levels (16Norm) and continuous trait (Continue)which are analyzed by linear models
by using statistical methods of Bayes A (BA), Bayes B (BB) and Bayes C (BC)
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The scenarios studied include h?= heritability at three levels of 0.1, 0.2 and 0.3; QTL= Quantitative trait
loci at three levels of 10, 50 and 100 S i sleaila and N= size of reference population of 1000,
2000 and 50000.
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Abstract

Background and objectives: Genomic selection, as a type of genetic marker-assisted selection,
estimates simultaneously the effect of all genetic markers distributed throughout the genome.
Therefore, genomic selection can potentially explain all the genetic variance of a trait. The basis
of genomic selection is linkage disequilibrium between marker and quantitative trait loci. Since
less attention has been paid to the genomic evaluation of traits with discrete phenotypic
distribution which mostly have low heritability, the aim of the present study was to assess the
accuracy of genomic evaluations of threshold and continuous traits of animals in the form of
various scenarios by using computer simulation.

Materials and methods: In this study, a genome containing 1000 single nucleotide
polymorphisms with two alleles at a density of 0.1 cM was randomly simulated on a
chromosome with the length of 100 cM. A number of 10, 50 and 100 QTLs with heritability
levels of 0.1, 0.2, and 0.3 were considered for continuous and threshold traits. Threshold traits
with phenotypic levels of 2, 4, 8, and 16 and continuous traits as control were evaluated in three
populations of 1000, 2000, and 5000 by using three statistical methods of Bayes A, B, and C.
Implementation of intended scenarios in this study was performed by using hypred and BGLR
packages in R software.

Results: The accuracy of genomic breeding values of different traits in all the studied scenarios
indicates an increase in the correlation between estimated breeding values and true breeding
values by increasing the number of phenotypic levels in threshold traits. The range of changes in
accuracies obtained in different scenarios was the highest for threshold traits with two
phenotypic groups among all other traits. However, by increasing the number of groupings, the
difference between traits with two phenotypic groups and traits with four phenotypic groups
was more pronounced, but this difference was not significant in phenotypic levels higher than
four and the values were closer to each other. The results of the present study showed that the
accuracy of prediction of all the methods studied was close to each other due to similarity in
computational nature, but Bayes C method showed higher regular sensitivity in relation to the
number of QTLs for threshold and continuous traits. The increase in heritability resulted in the
increase in prediction accuracy of allelic effects and consequently enhancement in the prediction
of genomic breeding values. Furthermore, the lowest accuracy of prediction was due to the two-
level threshold traits analyzed by Bayes B at heritability level of 0.1, while the highest accuracy
was related to continuous traits analyzed by Bayes A at heritability level of 0.3. Hence, increase
in the number of QTL from 10 to 100 and population size from 1000 to 5000 led to the increase
in the accuracy of genomic breeding values prediction in all threshold and continuous traits.
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Conclusion: For genomic evaluation of threshold traits, it is recommended to use threshold
traits instead of standard methods, since genomic evaluation of threshold traits by using
standard methods led to the reduction in the accuracy of evaluations, and even for traits with 16
phenotypic levels, use of threshold methods in all the scenarios resulted in greater accuracy of
genomic breeding values compared to the standard methods. Increase in phenotypic levels of
threshold traits resulted in an increase in the accuracy of genomic breeding values, but it is not
recommended for traits with phenotypic levels over eight because it did not have any significant
effect on accuracy of evaluations.

Keywords: Accuracy, Bayesian methods, Genetic architecture, Genomic selection, Threshold
traits.
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