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Single-Step GBLUP: current reference method for genomic evaluation

allows joint use of pedigree, phenotypic and genomic information

Breeding Values Model (BVM): 

Legarra et al (2009), Aguilar et al (2010), Christensen & Lund (2010)
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A : mean genetic value of the base population = 0

G : genotyped animals = selected animals

→ center the observed genotypes to the base allele frequencies (unknown !)

Proposed solutions:

Vitezica et al (2011): 𝐺∗ = 𝐺 + 11′𝛼 , where a = mean Agg(i,j) – mean G(i,j)

Christensen et al (2012): 𝐺∗ = 𝛽𝐺 + 11′𝛼
…
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Growing genotyping: G larger and larger !

Same problem: 

- genotypes Mg should also be centered to 

the base allele frequencies

- G and Agg not built ?

→ Marker Effects Models (MEM) for Single-Step GBLUP 

Fernando et al (2016), Taskinen et al (2017); Liu et al (2014), …
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Proposed solution:   Fernando et al (2014), Hsu et al (2017)

𝑦𝑛
𝑦𝑔

=
𝑋𝑛
𝑋𝑔

𝛽 +
𝒁𝒏𝑱𝒏
𝒁𝒈𝑱𝒈

𝝁𝒈 +
𝑍𝑛 0
0 𝑍𝑔𝑀𝑔

𝑢𝑛
𝛼

+
𝑒𝑛
𝑒𝑔

= GEBV

𝐴𝑛𝑛 is very sparse → 𝐴𝑛𝑛 −1 : Cholesky factorization of 𝐴𝑛𝑛
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Cholesky factorization of Ann

In large popul., Ann > 10Mx10M, but very sparse: ≈ 4 NZE / non-genot. indiv.

Montbéliarde Holstein Limousin Charolais

Nb of non-genotyped animals 3.7M 19.7M 5.6M 9.7M

Nb of NZE in L / non-gen. ani. 28 62

L is also sparse

Holstein: Cholesky Factorization of Ann = 45 minutes with MKL on 6 CPU
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Cholesky factorization of Ann

In large popul., Ann > 10Mx10M, but very sparse: ≈ 4 NZE / non-genot. indiv.

Montbéliarde Holstein Limousin Charolais

Nb of non-genotyped animals 3.7M 19.7M 5.6M 9.7M

Nb of NZE in L / non-gen. ani. 28 62 314 650

L is also sparse, but L is much less sparse in beef cattle than in dairy cattle: 

Holstein: Cholesky Factorization of Ann = 45 minutes with MKL on 6 CPU

Charolais: Cholesky Factorization of Ann = 5 hours with MKL on 8 CPU
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J. Vandenplas, EAAP 2018:

𝑀𝑛
′𝐴𝑛𝑛𝑀𝑛𝑣 = 𝑀𝑔

′ 𝐴𝑔𝑛 𝐴𝑛𝑛 −1𝐴𝑛𝑔 𝑀𝑔𝑣→ Replace 

→ Cholesky factor. of 𝐴𝑎𝑛𝑐
𝑛𝑛 is very fast (sec), even in large beef cattle populations

<<  total nb of non-genotyped indiv.𝐴𝑎𝑛𝑐
𝑛𝑛 : size(ancestors of genotyped animals)

Ann ≈ 107 x 107𝐴𝑎𝑛𝑐
𝑛𝑛 ≈ 105 x 105
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→ a more efficient way to calculate Jn

that does not require (𝐴𝑛𝑛)−1

but (𝐴𝑛𝑛)−1 still needed to compute 𝐽𝑛 = (𝐴𝑛𝑛)−1𝐴𝑛𝑔1 …
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A more efficient way to calculate Jn

youngest

oldest

Genotyped

animals = « ga »

2017 CHA : 22 K

Non-genotyped

animals ancestors

of ga = « anc »

2017 CHA : 155 K

Other non-genotyped

animals = « oth »

2017 CHA : 9,500 K

𝐽𝑔 = −1

-1

-1

…

-1

-1
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𝐽𝑛 𝑎𝑛𝑐 = (𝐴𝑛𝑛)−1𝐴𝑛𝑔1 = (𝐴𝑎𝑛𝑐
𝑛𝑛 )−1𝐴𝑎𝑛𝑐

𝑛𝑔
1

= (𝐴𝑛𝑛)−1𝐴𝑛𝑔1
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A more efficient way to calculate Jn

youngest

oldest

𝐽𝑛 𝑎𝑛𝑐

Genotyped

animals = « ga »

2017 CHA : 22 K

Non-genotyped

animals ancestors

of ga = « anc »

2017 CHA : 155 K

Other non-genotyped

animals = « oth »

2017 CHA : 9,500 K

-1

-1

…

-1

-1

𝛾𝑝𝑎𝑟𝑒𝑛𝑡 = 0 if unknown parent

𝛾𝑝𝑎𝑟𝑒𝑛𝑡 = −1 if genotyped parent

𝛾𝑝𝑎𝑟𝑒𝑛𝑡 = 𝐽𝑛 𝑎𝑛𝑐 𝑝𝑎𝑟𝑒𝑛𝑡 if parent among « anc » 

𝛾𝑝𝑎𝑟𝑒𝑛𝑡 = 𝐽𝑛 𝑜𝑡ℎ 𝑝𝑎𝑟𝑒𝑛𝑡 if parent among « oth »

→ 𝐽𝑛 𝑜𝑡ℎ 𝑖 = 0.5 ∗ 𝛾𝑠 + 𝛾𝑑

from the oldest to the youngest « oth » animal: 

= 𝐽𝑛 𝑖 from (𝐴𝑛𝑛)−1𝐴𝑛𝑔1
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Conclusion

A simple and low cost method to calculate the covariate vector needed to fit the 

mean of unselected base animals in MEM SS-GBLUP models

- does not require the inverse of the complete Ann matrix

- computing time saving: hours → seconds in large beef cattle populations

- memory saving

Contributes to make the MEM Single-Step GBLUP models even more 

independent of the size of the population


