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Background

* We have introduced ssGBLUP for all traits in February 2016
18,000 animals with genotype information

« We are genotyping approximately 35,000 animals each year
« Today we have 217,000 animals genotyped

* We will soon reach RAM limits of our current computer
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Current ssGBLUP for Norwegian Red

 Single trait single step mixed model equation (Christensen and Lund, 2010)
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where: A = 62/02

* The inverse relationship matrix Is
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where: A™! is based on pedigree relationships (sparse & easy to compute)
(A,,) ! is based on pedigree relationships for the genotyped animals

(Gy,) ! = ((1 —w)G + wA,,)~ ! combines genomic information (dense &
demanding to compute) and pedigree information with w = 0.1
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How to solve this problem?

* Increase computer RAM
* Expensive
* Non-sustainable solution

 Remove genotypes from animals without phenotype
« Challenging if most genotyped animals have at least one phenotype

 Alternative single step methods to decrease computational costs
 APY (Misztal et al., 2014) « ssGTBLUP (Mantysaari et al., 2017)
« SVD (@degard et al., 2018) * ssSNPBLUP (Legarra and Ducrocq, 2012;
or Liu et al. 2014)
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APY — Algorithm for Proven and Young

-1 -1
N A R L
where G is partitioned into proven/core (p) and young/non-core (y) animals

and M is a diagonal matrix with elements m;; = (Gy,, — G,,G542Gpy)

« Computational costs

« Core individuals: cubic computing and quadratic memory (as in ssGBLUP)
* Noncore animals: linear computing and memory

G for APY APY G*

HE Cr
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SVD - Singular Value Decomposition

« Core animals are used to approximate correlations between markers

* When regularization is only a constant e = 0.01, G can be written as
G =Z.DZ, + E where Z. is a centred marker matrix and scaling matrix D = Ii
with a scaling index k = 2 Y. 0.54 for m markers and E is el

* Using Woodbury matrix identity G~ can be rewritten as G™! = —I — T T
where T; = chlc and the lower triangular matrix L. IS Cholesky

decomposition of C’C% + Ik that is L¢L¢ = C’C% + Ik where Cis an
approximation of Z.
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Data & statistics

* Phenotypes, genotypes, and pedigree information from April 13, 2023 routine
evaluation

* 90 traits (29 single- or multi-trait mixed model equations)
« 206,496 genotypes with 121,740 SNP markers

« Comparison statistics
« Correlation between ssGBLUP predictions and approximate predictions

* Linear regression coefficient and intercept when regressing predictions
from ssGBLUP to the predictions from approximate approaches
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Defining core individuals

 APY

« Genotypes from 16,480 animals (Al sires, foreign animals, and animals
with foreign sire)

« SVD
« Genotypes from 5,186 Al sires

 Singular values explaining 90% of genetic variation of the animals in the
core

« 43,917 components across genome (between 1029 and 2099 per
chromosome)
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Computational requirements

/

Preprocessing of:

ooy o)

o

ssGBLUP 23h 14min

G_l for ssGBLUP and APY APY 111 4h 21min

T, forsvp SVD 82 2h 03min
Solving mixed

model equations ssGBLUP 320 21h 45min

(RAM is not an issue here as APY 792 2h 31min

relationship matrix
is not stored in memory) SVD 830 35h 6min

J
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Results — correlations

APY
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Results — linear regression coefficient [ssGBLUP ~ u+ B * (SVD or APY) + e
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SVD 0912 0.022 0.866 0.949

Number of traits

o _ APY
© | SVD
o _|
O
o _|
2
(qV]
o J-‘
[ [ [ [ [ [ |
0.85 0.90 0.95 1.00 1.05 1.10 1.15

Linear regression coefficient

geno NORWEGIAN
b RED



Results — intercept

APY

SVD
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Conclusions

« Approximate single step methods solve computational issues of ssGBLUP

* Breeding values predictions from APY and SVD are highly correlated with the
predictions from ssGBLUP

« SVD has slightly higher correlations than APY for young genotyped
Individuals

* Young genotyped individuals will have overestimated predictions with SVD

« Continue working on the improvement approximate single step methods
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https://www.facebook.com/NorwegianRed
https://www.instagram.com/norwegianred/
https://www.linkedin.com/company/geno/
https://twitter.com/norwegianred
https://www.youtube.com/channel/UC-qpaLN1xDxBsgEyyM5e4xQ
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