1978
Universitiy of
Mohaghegh Ardabili

Online ISSN: 3116-0689

Evaluation of the Effects of Genotyping Scenarios, Heritability, and
Marker Density on the Accuracy of Genomic Selection Prediction in Sheep

Reza Seyedsharifi /1%

, Maryam Esrafili Taze kand Mohamaddiyeh

1, Jamal Seifdavati “*'1, Nemat Hedayat

Evrigh®>' and Hossein Mohebodini®'!

1- Department of Animal Sciences, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, Ardabil, Iran. Corresponding Author's Email: reza_seyedsharifi@yahoo.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 02 June 2026

Received in revised form 07
August 2026

Accepted 08 September 2026

Available online 22 September
2026

Keywords:
Accuracy,

Genetic evaluation,
Genotyping,
Sheep,

Simulation.

Objective: This study was conducted to evaluate the effects of genotyping scenarios on
the prediction accuracy of different genomic selection methods in sheep across varying
levels of heritability and marker density, using simulations.

Method: In this study, a sheep population was simulated by imitating the sheep genetic
evaluation system. Five genotyping scenarios with 9 cases for the existence of phenotypic
records were considered based on three assumptions (the existence of phenotypic records
for males and females, and for females and males). A trait with three heritabilities of low,
medium, and high (0.1, 0.3, and 0.5) was simulated by considering three different marker
densities (10K, 50K, and 70)K. Also, to examine the effect of the evaluation method on
the accuracy of the prediction, three methods, BLUP, GBLUP, and ssGBLUP, were used.
Results: Comparing different genotyping scenarios showed that non-selective
genotyping (genotyping all animals) had the lowest prediction accuracy. In addition, the
highest and lowest prediction accuracies were observed when determining the genotypes
of males and females, respectively. In all cases compared, prediction accuracy also
increased with increasing heritability. Increasing marker density from 50K to 70K had
little effect on increasing prediction accuracy except when heritability was low. Also,
among the methods studied, the sSGBLUP method performed better.

Conclusions: The results of this study showed that by determining the selected genotype
and phenotype, the highest prediction accuracy can be achieved while reducing the costs
of genomic selection. Also, using average marker density and the ssGBLUP method can
increase the accuracy of genomic selection prediction in traits with low heritability.
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Introduction

Improving the production and reproductive performance of livestock is one of the best ways
to increase the productivity of the livestock sector, and it can be achieved through breeding.
Advances in selection methods, enabled by available technologies, will lead to the selection of
superior animals. The goal of sheep breeding is to produce sheep with better performance and
traits desired by breeders. Sheep breeders do not invest much in genetic improvement, also
because only a small portion of the overall benefits of genetic improvement return to the
breeder, so breeders seek genetic improvement at the lowest cost. As a result, they must
understand that genomic selection is possible with sufficient accuracy and reasonable cost. To
address this problem, many studies have focused on designing genotyping strategies to optimize
individual selection. Considering the importance of sheep breeding and improvement, this study
aims to investigate the prediction accuracy of traditional methods of best unbiased linear
prediction (BLUP), genomic BLUP (GBLUP), and single-step GBLUP (ssGBLUP) in sheep
using simulated data with different levels of heritability and marker density based on
phenotypic performance or estimated breeding values (EBVs), to demonstrate the benefits of
genomic selection and encourage sheep breeders to use genomic selection.

Method

In this study, a population of sheep was simulated using QMSim software, based on the
forward-in-time method. To evaluate the impact of different genotyping scenarios, five
scenarios were simulated, including four genotyping scenarios (G1-G4) and a reference
scenario (BLUP) in which no genotypes were considered. Scenarios G1-G4 included
genotyping all animals from the past 15 generations, 10,000 ewes randomly selected from the
past 15 generations, 10,000 candidates from both sexes randomly selected from the past 15
generations, and 10,000 rams randomly selected from the past 15 generations, respectively. In
each genotypic scenario, to investigate the effect of phenotypic record on prediction accuracy
based on three assumptions (phenotypic record for both males and females, phenotypic record
for females, and phenotypic record for males), different phenotype determination scenarios
were considered in which the percentage of phenotypic record was 20, 60, and 100 percent.
After simulating the data with QMSim, different genotype and phenotype scenarios were
analyzed using R. Afterward, the outputs from R software were used to estimate breeding value
(EBV) and genomic breeding value (GEBV) using DMU software (Madsen and Jensen, 2013),
considering the true genetic variance, using BLUP, GBLUP, and multi-breed ssGBLUP
methods (which do not require pedigrees and genotype determination for all animals). Accuracy
in each scenario was calculated as the correlation between the true breeding value (TBV) and
the EBV or genomic EBV (GEBV) in the 15" generation.

Results

In this study, the accuracy of GEBV prediction was investigated across different evaluation
methods, heritability levels, and marker densities in simulated sheep populations. In the BLUP
method, breeding values are estimated from phenotypes and pedigrees. The accuracy of



Evaluation of the Effects of Genotyping Scenarios.....| Seyedsharifi et al. 3

prediction by the BLUP method based on heritabilities of 0.1, 0.3, and 0.5 was 0.27, 0.31,
and0.33, respectively. The use of genomic information increased the accuracy in all scenarios
compared to the BLUP method. The average accuracy of GBLUP, based on heritabilities of
0.1, 0.3, and 0.5, was 0.27, 0.30, and 0.32 for 10K marker density; 0.34, 0.32, and 0.34 for 50K
marker density; and 0.36, 0.33, and 0.34 for 70K marker density, respectively. For the
ssGBLUP method, the average accuracy at 10K marker density for heritabilities of 0.1, 0.3, and
0.5 was 0.30, 0.33, and 0.34; at 50K marker density, it was 0.36, 0.35, and 0.38; and at 70K
marker density, it was 0.37, 0.36, and 0.40. The results showed higher prediction accuracy with
the ssGBLUP method than with the GBLUP method.

This indicates an improvement in the accuracy of GEBVs obtained using ssGBLUP

compared to GBLUP. Increasing marker density from 10K to 70K had the greatest effect on
improving the prediction accuracy of a trait with a heritability of 0.1. Among the genotypic
scenarios studied, the lowest and highest prediction accuracies were observed in scenarios G1
(genotyping without considering the restriction) and G4 (selective genotyping of rams),
respectively. Among the scenarios studied, there was no significant difference in prediction
accuracy between scenarios G2 (selective genotyping of ewes) and G3 (selective genotyping of
rams and ewes). When genotypic information from ewes and rams was used simultaneously
(G3), the prediction accuracy was slightly higher. In other words, determining the combined
genotype of ewes and rams, regardless of the ewe selection strategy, results in moderate
predictive accuracy. Across all phenotypic scenarios, a higher percentage of phenotypic records
led to greater prediction accuracy. This trend was similar across all scenarios, regardless of
whether phenotypic records were available for both sexes or only one. In the 10K marker
density, hypothesis 1 (the existence of a phenotypic record for ewes and rams) was superior. In
the 50K and 70K marker densities, hypothesis 2 (the existence of a phenotypic record in ewes)
was superior. Among all the genotypic and phenotypic scenarios studied, the highest prediction
accuracy was associated with the 70K marker density, with a heritability of 0.1.

Conclusions

A major challenge for sheep production is sustainably raising sheep and producing enough
protein to feed the growing human population. Given the important role that small ruminants
play in the livelihoods of livestock farmers, the introduction of genomic selection should be
financially beneficial for breeders. As a result, using genomic selection at the lowest cost and
with the highest prediction accuracy can encourage livestock farmers and sheep breeders to
produce sheep with improved performance and desirable traits. By determining the genotype
and phenotype of the selection candidates, in other words, by correctly ranking the selection
candidates that will be chosen as the parents of the next generation, maximum genetic
improvement can be expected. Also, by selecting the appropriate genotype, statistical method,
and marker density, greater prediction accuracy can be achieved at lower cost.
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Table 2- Prediction accuracy based on BLUP method based on different heritabilities

PRSI TN BLUP FBLUP" M BLUP*
Heritability Cases

Case 1 0350001 0.3920.004 03920001

Case 2 0.30+0.004 0.34+0.013 0.3240.005

Case 3 0.2440.014 0.25£0.011 0.2740.017

Case 4 0.31%0.003 0.35+0.001 0.35+0.003

Case 5 0.29+0.002 0.3240.002 0.3540.011

01 Case 6 0.2640.006 0.3040.012 0.3140.005
Case 7 0.2740.015 0.31£0.001 0.30+0.003

Case 8 0.2240.011 0.2940.003 0.2840.003

Case 9 0.2140.003 0.2640.006 0.2840.006

Case | 0.43£0.002 0,430,006 0.4120.001

Case 2 0.3420.013 0.36+0.013 0.35+0.003

Case 3 0.26+0.006 0.25+0.003 0.2840.001

Case 4 0.34:0.002 0.3840.004 0.3740.005

Case 5 0,320,004 0.35:0.013 0.3540.001

Case 6 0.31£0.011 0.33£0.011 0.34£0.004

0.3 Case 7 0.3120.002 0.34+0.003 0,330,002
Case 8 0.2340.013 03120.011 0.30+0.002

Case 9 0.2240.002 0.30£0.003 0.2940.011

Case 1 0,450,001 0,440,004 0,440,005

Case 2 0.36:0.004 0.3740.001 0.4140.001

Case 3 0.27+0.012 0.3140.004 0.3140.013

Case 4 0.36+0.003 0.3940.003 0.38+0.003

Case 5 0.3320.013 0.36:0.001 0.3740.002

Case 6 0.3140.011 0.37+0.005 0.34+0.004

0.5 Case 7 0.3240.003 0.39:0.011 0.34+0.003
Case 8 0,290,004 0.36:0.005 0.3140.002

Case 9 0.2740.006 0.33£0.013 0.3040.001

by, BLUP iy olol o cone M BLUP™ taosle s BLUP g, (wlol syt oo F BLUP”
F BLUP* Prediction accuracy based on BLUP method in females; M BLUP* Prediction accuracy based on BLUP method in males
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Table 3. Accuracy of genomic prediction using the GBLUP method with different levels of marker density at heritability 0.1

sl
Sy | e
_ Phenotypic Yol Yol Yo PAUAIEN ocdls edl yodbe Aol LYGAIPS
Sl C
ases
Slag b
Marker G Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9
Density TP
Genotype
Scenarios
G1 0.35:0.004  0.3040.002  0.20£0.001 _ 0.30£0.003 _ 0.26+0.003  0.23£0.003 _ 0.21%0.003  0.18£0.013  0.1520.003
G2 0.2940.001  027+0.011  0.25+0.004  0.27+0.004  0.24x0.001  0.21£0.005  0.23£0.004  0.20+0.001  0.18+0.001
10K G3 0.35£0.005  0.30£0.002  0.29£0.005  0.37£0.007  0.32+0.012  03120.004  027£0.001  023£0.004  0.20+0.003
G4 0.36£0.003  0.31£0.003  0.300.013  0.34£0.014  030£0.010  0.26+0.001  0.28+0.003  025:0.002  0.24x0.005
G1 038+0.001  0.35£0.011  0.23¥0.001  0.35£0.004  0.35£0.001  0.32%0.002  0.23%0.005  0.2120.011 _ 0.19x0.005
G2 0.39£0.003  0.35£0.004  0.32:0.002  0.39£0.001  0.35£0.004 03420014  0.34£0.004  0.32£0.003  0.30£0.006
50K G3 0.4240.002  0.37£0.003  0.35:0.004  0.40£0.003  0.36+0.010  0.32£0.005  0.32£0.003  0.27+0.001  0.25+0.005
G4 0.47£0.001  0.40£0.005 0320011  0.42£0.005  0.39£0.006  036£0.002  0.38£0.001  036£0.006  0.34x0.003
G1 0.39+0.004  0.36£0.004  0.25:0.003  0.36£0.001  0.35£0.003  0.33x0.013  0.24£0.004  0.22+0.003  0.20%0.003
G2 0.40£0.001  0.37£0.006  0.34+0.001  0.40+0.003  0.38£0.004  0.35£0.001  0.33x0.011  031£0.002  0.30£0.002
70K G3 04240011  0.39£0.001  0.37£0.003  0.41%0.005  0.38£0.001  0.35£0.004  0.33£0.005 03120011  0.30£0.011
G4 0.48+0.003 045:0.15  0.410.001  0.44+0.003  0.40£0.011  0.38+0.005  0.39£0.001  0.36£0.004  0.350.006

B9 oo Gudg) e ] Jed V0 I Bolai jokay g8 Voo (G g g8 g Liwe Voot IG3 (e Voo rr 1G2 (Ollgs daen G
G1: All animals, G2: 10000 ewes, G3: 10000 ewes and rams, and G4: 10000 rams randomly genotyped from the last 15 generations.
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Table 4. Accuracy of genomic prediction using the GBLUP method with different levels of marker density at heritability 0.3

sbadls
WSl | e . . . . .
0 Phenotypic Yol Yol Yol FAUAIEN ol el Yedls Acdls RYGALEN
AL Cases
Marker g i Casel Case2 Case3 Case4 CaseS Case6 Case7 Case8 Case9
Density
i o5
Genotype
Scenarios
G1 0.37:0.005  0.33x0.013  0.30=0.005  0.34=0.006  0.31%0.011  0.29:0.001  0.27£0.003  0.24£0.005  0.20:0.001
G2 0.30:0.013  0.28£0.002  0.26:0.003  0.280.003  0.26+0.006  0.23£0.005  0.25£0.005  0.23+0.011  0.20+0.010
10K G3 0.37+0.001  0.34+0.004  0.32:0.004  0.36:0.001  0.340.005  0.32+0.012  0.320.001  031x0.003  0.24+0.014
G4 0.380.005  0.34£0.005  0.320.003  0.36+0.003  0.32+0.003  031£0.004  030+0.001  0.28+0.004  0.25+0.003
G1 0.34+0.005  0.3240.003  0.21+0.005  0.330.004  0.31£0.005  0.30£0.001  0.21£0.002  0.20£0.005  0.17+0.004
G2 0.37£0.001  0.3440.005  0.30£0.001  0.36£0.006  0.3320.013  0.32£0.005  0.32£0.003  0.30+0.006  0.26:0.011
S0K G3 0.40:0.006  0.36£0.010  0.340.014  0.39+0.001  0.34+0.003  030£0.006  0.30+0.005  0.26+0.004  0.23+0.003
G4 0.44:0.005  0.37£0.003  0.30:0.003  0.39+0.005  0.36+0.001  033£0.002  033+0.013  032+0.003  0.30+0.005
G1 0.36£0.003  0.35£0.004  0.23+0.013  0.34£0.014  032:0.012  0.31£0.011  0.22£0.012  0.20+0.001  0.18+0.001
G2 0.37+0.005  0.36£0.006  0.310.005  0.37£0.007  0.34£0.002  0.34£0.005  0.33£0.005  031£0.011  0.27+0.002
70K G3 0.45£0.002  0.38£0.001  0.35:0.001  0.40:0.001  0.36x0.003  0.31x0.003  0.30:0.001  0.27+0.005  0.26:£0.003
G4 0.45£0.001  0.38£0.003  0.31£0.004  0.41:0.011  037£0.007  0.34£0.006  0.34£0.003  0.33x0.003  0.3120.011
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Table 5. Accuracy of genomic prediction using the GBLUP method with different levels of marker density at heritability 0.5

sbadls
Sy | e
_ Phenotypic el AN Yol el ocdls R TGALTN Yol Acdls Aadls
Sl C
ases
Slag b
Marker Cda Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9
Density e
Genotype
Scenarios
G1 0.37£0.001  0.35:0.004  0.33:0.002 _ 0.35£0.005  0.3320.003 _ 0.31%0.005 _ 0.31%0.003 _ 0.2740.004  0.24+0.003
G2 0.33£0.013  03140.003  0.30£0.003  0.30:0.001  0.29:0.005  0.27+0.005  0.32£0.002  0.30£0.003  0.29+0.001
10K G3 0.3940.002  0.36+0.003  0.35£0.011  0.37£0.002  0.35:0.003  0.34£0.001  0.35£0.005  0.334#0.005  0.310.011
G4 0.39+0.011  0.35:0.001  0.33%0.002  0.36:0.003  0.33:0.004  032+0.012  0310.004  0.30+0.002  0.26+0.003
G1 034£0.012 03240012 0.2140.005 _ 0.33%0.001  0.3140.011 _ 0.3040.003 _ 0.21%0.011 _ 0.2040.001 __0.17+0.004
G2 0.37£0.006  0.3440.003  0.3040.001  0.36£0.002  0.33£0.005  0.32£0.004  0.32£0.003  0.3040.003  0.26+0.005
50K G3 0.40£0.001  0.36+0.002  0.34:0.003  0.39:0.004  0.34x0.004  0.30£0.005  0.30+0.003  0.2640.004  0.23+0.003
G4 0.44£0.003  03740.001  0.30£0.006  0.39£0.003  0.36£0.001  0.33£0.006  0.33£0.003  0.32+0.011  0.30+0.002
G1 036£0.005  035:0.003  023:0.002 _ 0.34£0.005  032:0.003  0.31£0.011  022£0.001  0.20£0.003  0.18£0.004
G2 0.37£0.001  036+0.006  0.31£0.011  0.37£0.003  0.34£0.005  0.34£0.002  0.33£0.005  0.3140.001  0.27+0.002
70K G3 0.41£0.013  0.3840.001  0.35£0.001  0.40£0.001  0.36£0.001  0.31£0.003  0.30£0.006  0.27+0.005  0.26+0.003
G4 0.45£0.005  0.38+0.003  0.31+0.005  0.41£0.011  037+0.002  0.34£0.005  0.34£0.004  0.33+0.004  0.31=0.001
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Table 6. Accuracy of genomic prediction using the ssGBLUP method with different levels of marker density at heritability 0.1

sl
Sy | e
_ Phenotypic Yol Yol rolbs el ocdls edl yodbe Aol LYGAIPS
Sl C
ases
Sbgs lw
Marker Ry Casel Case2 Case3 Cased Case5s Case6 Case7 Case8 Case9
Density TP
Genotype
Scenarios
G1 0.34£0.001  0.3040.003  0.280.004 _ 0.28%0.003 _ 0.25:0.00 _ 0.23%0.011 _ 0.26£0.003 _ 0.2240.002 __ 0.20+0.005
G2 0.35£0.005  0.3240.012  0.30£0.006  0.34£0.001  0.32+0.004  0.27+0.003  0.34£0.005  0.33+0.005  0.29+0.002
10K G3 0.35£0.003  0.3040.004  0.2940.003  0.31£0.002  0.29£0.003  0.25£0.004  0.30£0.001  0.27+0.003  0.25+£0.005
G4 0.41£0.011  0.39£0.001  0.34+0.004  0.33£0.005  0.3120.011  0.30£0.006  0.31£0.011  0.30£0.004  0.27+0.003
Gl 0.41£0.005  0.36x0.004  0.280.001  0.39x0.004  0.3720.003  0.35£0.003 _ 0.32£0.001  0.25+0.005  0.24=0.002
G2 0.45£0.003  0.4040.003  0.3040.005  0.41+0.011  0.39£0.002  0.37+0.005  0.38£0.002  0.3540.001  0.33+0.005
50K G3 0.48+0.004  0.41+0.011  0.32+0.003  0.43£0.013  0.41%0.005  0.39£0.002  0.37+0.004  0.33+0.006  0.31£0.014
G4 0.50£0.001  0.45+0.005  0.34+£0.011  0.45:0.005  0.43£0.006  0.41£0.004  0.43£0.005  0.4040.004  0.38+0.003
G1 0.44£0.005  0.38+0.004  0.36:0.002  0.41x0.004  0.39:0.001  0.38£0.005  0.35:0.001  0.28+0.002  0.25+0.001
G2 0.47+0.003  0.4240.002  0.34:0.005  0.42+0.003  0.40:0.005  0.39+0.003  0.40£0.001  0.38£0.004  0.35£0.005
70K G3 0.49£0.002  0.43:0.001  0.35:0.003  0.45:0.003  0.42:0.011  0.41£0.006  0.39£0.002  0.35:0.001 0.3£0.002
G4 0.52+0.011  0.46:0.003  0.36x0.001  0.46+0.002  0.44£0.004  0.43+0.004  0.44+0.003  0.42+0.005  0.40+0.004
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Table 7. Accuracy of genomic prediction using the ssGBLUP method with different levels of marker density at heritability 0.3

sbadls
Sl | e ) ) . . . . ) . .
_ - Phenotypic Yol Yoedls A BALIS PAUAIPN ocdls el yodbe Aol LYGAITS
AL Cases
Slags lw
Marker et Casel Case2 Case3 Cased CaseS Case6 Case7 Case8 Case9
Density TP
Genotype
Scenarios
G1 036£0.005  0.33:0.003  0.31%0.005  0.30=0.002  0.2720.003  0.25£0.004  0.29£0.005  0.26x0.004  0.22+0.001
10K G2 0.37+0.003  0.34+0.001  0.31£0.004  0.36%0.005  0.34+0.005  0.33+0.011  0.35£0.005  0.33%0.003  0.30+0.002
G3 0.37£0.004  0.3440.003  0.32+0.002  0.35:0.003  0.3320.004  0.30£0.005  0.34£0.004  0.3240.004  0.28+0.005
G4 0.44£0.002  0.40:0.004  0.36:0.003  0.35:0.004  0.34x0.003  0.33x0.006  0.33£0.003  0.32:0.002  0.30£0.006
G1 0.39:0.001 03320011  0.25£0.005  0.36%0.005  0.34%0.003  0.32£0.013 _ 0.29+0.007  0.22%0.003  0.21%0.004
50K G2 0.41£0.011  037£0.005  0.29:0.002  0.37:0.004  0.35:0.004  033%0.003  0.35£0.004  0.32+0.004  0.30£0.005
G3 0.44:0.003  0.40£0.004  0.30£0.006  0.40£0.011  0.37+0.005  0.35:0.005  0.34%0.002  0.32+0.005  0.30+0.003
G4 0.45£0.004  0.40:0.003  0.32:0.003  0.42+0.002  0.40:0.007  0.40£0.014  041x0.011  039:0.001  0.36£0.002
G1 039£0.001  033:0.006  025:0.004  0.36:0.003  0.34x0.004  032£0.003 _ 0.29£0.005  0.22+0.004  0.21£0.006
70K G2 0.41£0.002  0.37+0.004  0.29£0.003  0.37£0.004  0.35:0.005  0.33£0.004  0.35:0.004  0.3240.005  0.30+£0.007
G3 0.44£0.003  0.40:0.004  0.30£0.011  0.40£0.006  037:0.003  0.35:0.005  0.34£0.003  0.32+0.006  0.30:0.011
G4 0.45+0.005  0.40£0.003  0.320.003  0.42+0.005  0.40+0.011  0.40£0.006  0.410.006  0.39:0.003  0.36:0.003
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Figure 1. Prediction accuracy of the GBLUP method for genotyping scenarios based on heritability marker density
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Table 9- Prediction accuracy of different statistical methods based on phenotypic assumptions at different levels of heritability and
marker density
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1* 0.2330.005  0.2940.004  0.36:0.004  0.30£0.013 _ 0.33z0.003 _ 0.35£0.005 _ 0.33¥0.003  0.35£0.004  0.37%0.004
10K 2% 0.2540.003  0.3240.004  0.3040.003  0.28£0.002  0.3120.006  0.33£0.003  0.29+0.002  0.32+0.005  0.34+0.005
3% 0.29+0.001  025:0.003  0.24+0.004  0.22+0.006  0.26:0.002  0.30£0.014  0.28+0.003  0.30£0.008  0.31+0.003
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70K 2 0.25£0.003  0.3240.003  0.3040.003  0.38£0.002  0.35£0.005  0.36£0.005  0.42+0.011  0.38+0.005  0.39+0.003
3 0.29+0.001  0.2540.003  0.24+0.004  0.29+0.005  0.28£0.004  0.29+0.003  0.36£0.002  0.3320.003  0.35+0.004
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*

1*, 2* and 3* phenotypic assumptions include both ewes and rams; only ewes and only rams have phenotypic records, respectively.
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