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Expectation
Whole-genome sequence (WGS) data enables estimation of
direct effects of actual mutations on a trait, which is expected
to increase prediction accuracy compared to currently used
commercial SNP genotype panels.

Challenges
1) A large number of sequenced individuals is
needed. However, sequencing is still too expensive.
2) So far, the utilization of WGS data for genomic
prediction in cattle was not studied with real data.

OBJECTIVE (1)

OBJECTIVE (2)

Study accuracy of genotype imputation using WGS
Materials and methods

Study reliability of genomic prediction using WGS
Materials and methods
777k and imputed WGS data for 5503 HF bulls
- 2087 validation (youngest bulls) and 3416 training

BLUP (best linear unbiased prediction)
BLUP_P: 𝒚𝒚 = 𝟏𝟏𝜇𝜇 + 𝒁𝒁𝒁𝒁 + 𝒆𝒆
BLUP_G: 𝒚𝒚 = 𝟏𝟏𝜇𝜇 + 𝒁𝒁𝒈𝒈 + 𝒆𝒆

𝒚𝒚 vector of phenotypes, 𝜇𝜇 overall mean, 𝒁𝒁 design matrix,
𝒂𝒂
additive genetic effects; 𝐚𝐚�𝐀𝐀, 𝜎𝜎𝑔𝑔2 ~ 𝑁𝑁 𝟎𝟎, 𝐀𝐀𝜎𝜎𝑔𝑔2
𝒈𝒈
𝒆𝒆

𝑨𝑨
numerator relationship matrix (pedigree)
genomic values; 𝒈𝒈�𝑮𝑮𝑮𝑮𝑮𝑮, 𝜎𝜎𝑔𝑔2 ~ 𝑁𝑁 𝟎𝟎, 𝑮𝑮𝑮𝑮𝑮𝑮𝜎𝜎𝑔𝑔2

𝑮𝑮𝑮𝑮𝑮𝑮 genomic relationship matrix [1]
residual effects; 𝒆𝒆|𝑫𝑫, 𝜎𝜎𝑒𝑒2 ~ 𝑁𝑁 𝟎𝟎, 𝑫𝑫𝜎𝜎𝑒𝑒2
𝑫𝑫 diagonal matrix containing weights of phenotypes

BSSVS[2] (Bayes stochastic search variable selection)
𝒚𝒚 = 𝟏𝟏𝜇𝜇 + 𝒁𝒁𝒁𝒁 + 𝑿𝑿𝑿𝑿 + 𝒆𝒆
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Results

Scenario

50k  WGS

777k  WGS

S40

0.37 (0.36)

0.77 (0.29)

S60

0.43 (0.36)

0.81 (0.27)

S80

0.46 (0.37)

0.83 (0.27)

Sequential

0.65 (0.30)

CONCLUSIONS (1)
777k  WGS: generally high imputation accuracy
50k  WGS: (too) low imputation accuracy
Sequential imputation improved accuracy
Van Binsbergen, et al. 2014. Genet Sel Evol 46:41

𝛼𝛼𝑗𝑗 �𝐼𝐼𝑗𝑗 , 𝜎𝜎𝑎𝑎2

=�

~𝑁𝑁

~𝑁𝑁

𝜎𝜎𝑎𝑎2
0,
100
0, 𝜎𝜎𝑎𝑎2

𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐼𝐼𝑗𝑗 = 0 (SNP small effect)

𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐼𝐼𝑗𝑗 = 1 (SNP large effect)
Prior distribution 𝐼𝐼𝑗𝑗 = Bernoulli(1 − 𝜋𝜋)

Results
Mean (and SE) prediction reliability (squared
correlation original and predicted phenotype) for
somatic cell score (SCS), interval between first an last
insemination (IFL), and protein yield (PY)
0.5
Prediction reliability

Mean (and SD) accuracy of imputation (correlation between
true and imputed genotype) per SNP

polygenic effects of all bulls; 𝒖𝒖|𝐀𝐀, 𝜎𝜎𝑢𝑢2 ~ 𝑁𝑁 𝟎𝟎, 𝐀𝐀𝜎𝜎𝑢𝑢2
matrix with genotypes (0,1,2) of all bulls
(random) allele substitution effects with prior distribution:

BLUP_P
BLUP_G - 777k
BSSVS - 777k
BLUP_G - WGS
BSSVS - WGS

0.4
0.3
0.2

SCS

IFL

PY

CONCLUSIONS (2)
WGS compared to 777k did not improve
genomic prediction reliability in this study
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