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Importance of including inbreeding 
when estimating dominance
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Pag sheep

Pag (Island), Croatia

Overall aim is to conserve 
and implement genomic 
selection
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Objectives

For milk, fat and protein 
yields, and somatic cell 
score, estimate: 

• Additive genetic variance

• Dominance genetic variance

• Genomic inbreeding
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Materials and methods

50K SNP genotype data for 2134 animals
• 1744 ewes have milk records (milk, fat and protein yields (kg), and somatic cell 

score)

Imputation (AlphaPeel)

Detected runs of homozygosity (ROH) with PLINK 1.9 and estimated inbreeding 
(FROH)

Tested four single trait models (BLUPF90+)
• REML

Backsolve to estimate SNP effects   𝑔𝑔𝑎𝑎 = 1
2 ∑ 𝑝𝑝𝑖𝑖 1−𝑝𝑝𝑖𝑖

𝑍𝑍𝑍𝑎𝑎𝐺𝐺−1 �𝑎𝑎   

                𝑔𝑔𝑑𝑑= 1
2 ∑ 2𝑝𝑝𝑝𝑝 2 𝑍𝑍𝑍𝑑𝑑𝐷𝐷−1𝑑̂𝑑   
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𝒅𝒅~𝑁𝑁 𝟎𝟎,𝑫𝑫𝜎𝜎𝑑𝑑2

Models tested
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𝐲𝐲 = 𝐗𝐗𝜷𝜷 + 𝐟𝐟b + 𝐙𝐙a𝐚𝐚 + 𝐙𝐙d𝐝𝐝 + 𝐙𝐙p𝐩𝐩𝐩𝐩 + 𝐞𝐞
Mean, parity, flock, DIM, year and season

Milk records (milk, fat, protein 
yields in g, and somatic cell score)

Inbreeding

Permanent environment

Residual

Dominance deviations

Additive (breeding) values VanRaden (2008)

Vitezica et al. (2013)

𝒂𝒂~𝑁𝑁 𝟎𝟎,𝑮𝑮𝜎𝜎𝑎𝑎2

𝒑𝒑𝒑𝒑~𝑁𝑁 𝟎𝟎, 𝑰𝑰𝜎𝜎𝑝𝑝𝑝𝑝2

𝒆𝒆~𝑁𝑁 𝟎𝟎, 𝑰𝑰𝜎𝜎𝑒𝑒2

(FROH)



M3

M2

𝐲𝐲 = 𝐗𝐗𝜷𝜷 + 𝐙𝐙a𝐚𝐚 + 𝐙𝐙d𝐝𝐝 + 𝐙𝐙p𝐩𝐩𝐩𝐩 + 𝐞𝐞

Models tested
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𝐲𝐲 = 𝐗𝐗𝜷𝜷 + 𝐟𝐟b + 𝐙𝐙a𝐚𝐚 + 𝐙𝐙d𝐝𝐝 + 𝐙𝐙p𝐩𝐩𝐩𝐩 + 𝐞𝐞

𝐲𝐲 = 𝐗𝐗𝜷𝜷 + 𝐙𝐙a𝐚𝐚 + 𝐙𝐙p𝐩𝐩𝐩𝐩 + 𝐞𝐞

𝐲𝐲 = 𝐗𝐗𝜷𝜷 + 𝐟𝐟b + 𝐙𝐙a𝐚𝐚 + 𝐙𝐙p𝐩𝐩𝐩𝐩 + 𝐞𝐞

Inbreeding Dominance deviations

M4

M1



M2

Variance partitioning
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Standard errors for variance estimates were high, as expected with limited data size

Milk

M3 M4M1 M3M2 M4M1 M3M2 M4M1 M3M2 M4M1

Fat Protein SCS

0.18 (0.03)
0.08 (0.05)

0.20 (0.04)
0.02 (0.05)

0.16 (0.03)
0.05 (0.05)

0.08 (0.03)
0.07 (0.05)

h2 (SD)
d2 (SD)



Inbreeding depression
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Inbreeding 
depression 
estimates

Mean (SE)
Test-day milk yield (g) 818.5 (4.2)
Test-day fat yield (g) 58.6 (0.3)
Test-day protein yield (g) 47.7 (0.2)
Somatic cell count (SCC) 799.3 (31.1)
FROH (%) 1.9 (0.04)

Phenotype and 
inbreeding 
means

Model For 1% inbreeding, 
test-day (1 day)

For 1% inbreeding, whole 
lactation (150 days)

Milk yield (g) M4 -3.7 -555
Fat yield (g) M4 -0.3 -45
Protein yield (g) M4 -0.2 -30
SCC M4 1.0 NA



Genome-wide association analyses

Future studies:

• GWAS with ROH
• Follow-up all GWAS to  

identify significant SNPs, and 
candidate genes

• Investigate impact of 
dominance on prediction 
accuracy

• Provide guidance for 
developing genomic selection 
and mate allocation programs
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Summary
Estimated additive and dominance variance 
and inbreeding

Results contribute to developing sustainable 
genomic selection programs for small 
livestock populations
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