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Study on Genetic Evaluation using Genomic Information in Animal Breeding

— Simulation Study for Estimation of Marker Effects
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ABSTRACT

This simulation study was performed to investigate the accuracy of the estimated breeding value by using genomic information
(GEBV) by way of Bayesian framework. Genomic information by way of single nucleotide polymorphism (SNP) from a
chromosome with length of 100cM were simulated with different marker distance (0.1cM, 0.5cM), heritabilities (0.1, 0.5) and half
sibs families (20 heads, 4 heads). For generating the simulated population in which animals were inferred to genomic
polymorphism, we assumed that the number of quantitative trait loci (QTL) were equal with the number of no effect markers. The
positions of markers and QTLs were located with even and scatter distances, respectively. The accuracies of estimated breeding
values by way of indicating correlations between true and estimated breeding values were compared on several cases of marker
distances, heritabilities and family sizes. The accuracies of breeding values on animals only having genomic information were 0.87
and 0.81 in marker distances of 0.1cM and 0.5cM, respectively. These accuracies were shown to be influenced by heritabilities
(0.87 at h? =0.10, 0.94 at h’ =0.50). According to half sibs’ family size, these accuracies were 0.87 and 0.84 in family size of
20 and 4, respectively. As half sibs family size is high, accuracy of breeding appeared high. Based on the results of this study it
is concluded that the amount of marker information, heritability and family size would influence the accuracy of the estimated
breeding values in genomic selection methodology for animal breeding.
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Table 1. The parameters commonly assumed in several
simulation genetic models

Parameters
Number of chromosome 1
Chromosome length 100cM
Effective population size 100

Markers-even distance

Map scan QTL-scatter distance
Mutation rate of Marker loci 25%10°°

Mutation rate of QTL 25%x10°
Distribution of additive mutational ~Gamma (Scale =1.66,
effects Shape =0.4)

Recombination fraction

(Haldane’s map function) R=(I-exp(-2d))/2

Population size/generation

(generation 1~1000) 100

Population size/generation
(generation 1001~1004)

Mating scheme

2000

Random mating
1004

1001 ~ 1002 gen.
1003 ~ 1004 gen.

Total generation
Phenotypic and Genomic record

Only Genomic recording

20%, ModellVS 48 0.1, IZAUAAL Ag  0.1cM,
1001~1004 Aol Wu] HAe=37] 45 (FE$ 5007, Z‘ﬂT
10005, W43 2AE45 252 2 20005740 AX) 52 7H4

3 mgor AAsto] LRI (Table 2).
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Table 2. Information of parameters assumed on each genetic model in simulation study

Population size

(1001~1004 generation)

Marker & QTL

Model . No. Dam per No. Progeny per Half-sibs family Heritability distance (cM)
No. Sire . .
Sire dam size (head)
Model I 100 1000 2 20 0.1 0.1
Model II 100 1000 2 20 0.1 0.5
Model III 100 1000 2 20 0.5 0.1
Model IV 500 1000 2 4 0.1 0.1
Eilag Aer, WA mEFE ol te Beake 4 2 g o) 07)
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~N(0, ¢%)
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Table 3. Correlation coefficients between the estimated and true breeding values on generation of Pheno, Juven

1 and Juven 2 in the simulated population

Bayes A .
Population "BLUP in Model I
Model I Model I Model I Model IV

Y Pheno 0.88£0.05 0.85+0.09 0.95+0.02 0.86 £0.04 046+0.12
? Juven 1 0.87+0.05 0.81+0.11 0.94+0.03 0.84+0.05 0.31+0.09
¥ Juven 2 0.86 % 0.04 0.80+0.09 0.93+0.03 0.83+0.05 0.25+0.09
" Pheno: Parental animals have phenotype data and genotype data.
? Juven 1: Juvenile animals have only genotype data.
* Juven2: Progenies of Juvenl have only genotype data.
# BLUP: BLUP was based on Animal model considering phenotype and pedigree.
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Fig. 2. Accuracy of breeding value for a marker
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Fig. 3. Accuracy of breeding value for a marker
distance of 0.1cM, heritability of 0.1 and with
different half-sibs family size (20 heads, 4 heads).
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