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Table 1- Population structure and simulation parameters
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Table 2- The estimated genomic accuracy (se) for three QTL numbers and heritability in same SNP density

ol Joo
Statistical model
oy il QTL sk
Heritability Nor. ~ GBLUP BayesA BayesB BayesC Bayes LASSO
50 0.679(0.01) 0.685(0.01) 0.757(0.01) 0.756(0.02) 0.757(0.02)
0.1 100 0.673(0.01) 0.681(0.01) 0.743(0.01) 0.741(0.02) 0.740(0.02)
150 0.669(0.01) 0.672(0.01) 0.658(0.01) 0.652(0.02) 0.652(0.02)
50 0.689(0.01) 0.695(0.01) 0.776(0.01) 0.770(0.02) 0.767(0.02)
0.3 100 0.681(0.01) 0.687(0.01) 0.768(0.01) 0.764(0.02) 0.762(0.02)
150 0.678(0.01) 0.675(0.01) 0.657(0.01) 0.652(0.02) 0.650(0.02)
50 0.756(0.01) 0.759(0.01) 0.840(0.01) 0.838(0.01) 0.836(0.01)
0.5 100 0.727(0.01) 0.734(0.01) 0.821(0.01) 0.818(0.01) 0.817(0.01)
150 0.715(0.01) 0.727(0.01) 0.743(0.01) 0.739(0.01) 0.735(0.01)
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Table 3—-The estimated genomic accuracy (se) for three QTL numbers and SNP density Table
el Jre
Statistical model

QTL slus L WSy
NotL SNP density ~ GBLUP BayesA BayesB BayesC Bayes LASSO
500 0.685(0.01)  0.687(0.01)  0.769(0.01)  0.762(0.02) 0.760(0.02)
50 1000 0.688(0.01)  0.693(0.01)  0.772(0.01)  0.768(0.02) 0.763(0.02)
1500 0.694(0.01)  0.705(0.01)  0.788(0.01)  0.780(0.02) 0.779(0.02)
500 0.676(0.01)  0.677(0.01)  0.761(0.01)  0.758(0.02) 0.756(0.02)
100 1000 0.679(0.01)  0.686(0.01)  0.765(0.01)  0.761(0.02) 0.759(0.02)
1500 0.687(0.01)  0.699(0.01)  0.778(0.01)  0.773(0.02) 0.771(0.02)
500 0.669(0.01)  0.660(0.01)  0.649(0.01)  0.648(0.01) 0.641(0.01)
150 1000 0.675(0.01)  0.673(0.01)  0.655(0.01)  0.651(0.01) 0.648(0.01)
1500 0.692(0.01)  0.689(0.01)  0.668(0.01)  0.665(0.01) 0.661(0.01)

b ol o b Sl ¥ Josn 15 (6,15 (o515 5 s plcilyg
onl G phcdly ok 13 )R G515 Lil8l s ob oLt
95 Aol b))l cono (il cuw o +/0) YL g (1Y)
slass ioli8l (+/Y) lwsio (s piucdlys b wlas )0 Lol s 0

Oy 45 (6 sk bl (68 sogi5 )] oo 2 Lo Sl

ISl s Il a8 30,8 GBS (19) ofSen 5 5 g

PA Sl o983 syl oo (90 3 53 )Li A e 4 Yo

el b, L5 olawy (ilidlcsl, (uldla o AP 4w

5255 (oo IS5 5 o o (S g0 o5 pie e il
e Gl (a9 (L) Come i

oS3 L 10 pdycdlyy o (Mol )] mpia cone
b9y b g oo (nyieS 9 B g b9y baw 95 V04 e (6,0
ol G s 4 B0 ,SLE5 WS15 Lo/ (g plucilyy > GBLUP

ol SLagh )l Simaghng Gaus 3 il g Hail
295

(Y 5 V) s cillas iy sl ingls b mls o) 53500, os3s

G‘a_w Aw l) R — .5)91)). PP U>M_Ao| L;Lmuo))\&z_w

Enhacly o S (ST s aw b oad oyl (o9 (P syl como —€ Jgaa
Table4-The estimated genomic accuracy (se) for three SNP density and heritability
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Statistical model
spdy ey gl Sl
Heritability SNP density GBLUP BayesA BayesB BayesC Bayes LASSO
500 0.673(0.01)  0.680(0.01)  0.742(0.01)  0.740(0.02) 0.739(0.02)
0.1 1000 0.682(0.01)  0.693(0.01)  0.759(0.01)  0.751(0.02) 0.744(0.02)
1500 0.695(0.01)  0.707(0.01)  0.763(0.01)  0.758(0.02) 0.754(0.02)
500 0.692(0.01)  0.695(0.01)  0.764(0.01) _ 0.760(0.02) 0.760(0.02)
0.3 1000 0.693(0.01)  0.695(0.01)  0.765(0.01)  0.760(0.02) 0.760(0.02)
1500 0.693(0.01)  0.696(0.01)  0.766(0.01)  0.761(0.02) 0.761(0.02)
500 0.715(0.01)  0.719(0.01) _ 0.779(0.01) __ 0.771(0.01) 0.771(0.01)
0.5 1000 0.722(0.01)  0.729(0.01)  0.786(0.01)  0.781(0.01) 0.779(0.01)
1500 0.738(0.01)  0.743(0.01)  0.791(0.01)  0.788(0.01) 0.785(0.01)
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Introduction’ Genomic Selection (GS) has been proved to be a powerful tool for estimating genetic values in

livestock breeding. Newly developed sequencing technologies have dramatically reduced the cost of genotyping
and significantly increased the scale of genotype data that used for GS. The estimation of breeding values in order
to select the best animals as parents of the next generation is the main goal of animal breeding programs.
Traditional methods of genetic evaluation were performed using a combination of phenotypic and pedigree
information to produce estimated breeding values. Most simulation studies of genomic selection (GS) methods
have considered genetic architectures in which the number and relative magnitudes of quantitative trait loci (QTL)
have varied. Among the Bayesian methods, those using marker-specific shrinkage of effects (e.g., BayesA or
BayesB of or the Bayesian LASSO are commonly used in animal breeding applications. The Bayesian methods
proposed differ in the way of looking at the variances of parameters. In classical livestock breeding methods,
selection for important economic traits using pedigree information with individual phenotypic records was
performed and best Linear Prediction of Breeding Values (BLUP) is achieved. In genome selection, genomic
breeding values of all individuals can be predicted with high accuracy using a linear model. Various factors can
be affecting the accuracy of genomic breeding values. Therefore, the present study aimed to evaluate the accuracy
of estimating genomic breeding values in different genetic architectures including different distributions of gene
effects, different numbers of QTL, different levels of heritability and different marker densities using GBLUP and
Bayesian methods including Bayes A, Bayes B, Bayes C and Bayes LASSO. In addition to comparing the
performance of different methods in different genetic architectures, a marker density and QTL numbers were
introduced for simulation programs of sheep populations.

Materials and Methods To create a basic population (G0), 100 heads of livestock, including 50 males and 50
females, were considered. The frequency of primary alleles for single-nucleotide polymorphisms in the basal
generation was considered to be 0.5. To create the first generation (G1), the parents were randomly selected from
the males and females of the GO generation. Parental gametes were simulated based on the assumption of
disconnection imbalance using the Halldan location function method, and then randomly generated gametes were
randomly selected and mixed to create a new generation of G1 generation. A genome with a length of 300 cM was
simulated and 500, 1000 and 1500 SNPs were equally spaced over the chromosome. Three different numbers of
QTL (50, 100 and 150) were considered and QTLs were uniformly distributed over the chromosome. One hundred
individuals, including 50 males and 50 females, were simulated for the base population. The first generation
structure was followed through to the 50th generation of random mating to make linkage disequilibrium
populations. Generation 51 was assumed as a training population and the other generations (52 to 60) as validation
populations. Five methods, GBLUP, Bayes A, Bayes B, Bayes C and Bayesian LASSO, were used to estimate
genomic breeding values.

Results and Discussion In all five methods, the accuracy of genomic values decreased as the number of QTLs
increased from 50 to 150. The reason for this can be attributed to the limited amount of genetic variance distributed
over many QTLs. Also predicting accuracy of all five methods increased with increasing marker density. Results
showed that increasing marker density at low (0.1) and high (0.5) heritability levels, increased genomic accuracy
but increasing at moderate heritability (0.3) traits did not affect the accuracy of genomic evaluation. Accuracy of
genomic breeding values in the gamma distribution provides better gene effects to uniform distributions.
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Conclusion The results showed that factors such as marker density, QTL numbers, distribution QTL effect and
trait heritability were effective in estimating the accuracy of genomic breeding values. In high heritability traits,
the higher markers density and lower QTL numbers, leading to increase accuracy of estimating genomic breeding
values. In genomic studies, if the trait is affected by a small number of QTLs, estimation of breeding values by
Bayes B method can yield a more favorable result. Marker densities did not affect the accuracy of genomic
evaluation in traits of moderate heritability, and since most of the economic traits in native species of sheep are
moderate heritability, 500 to 1000 markers can be used to estimate breeding values in simulation programs.
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