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BV and marker-effects models

* Both models are equivalent under some assumptions (~ yexbruse ) (~ y=xwizate )
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 Estimable functions are equal =6 G0 LR Y
* SNP-effects can be back-solved from EBV
) Perform GWAS from GBLUP The Impact of Genetic Relationship Information on Genome-Assisted
Breeding Values

D. Habier,' R. L. Fernando and J. C. M. Dekkers

* Choice of the most convenient model

J. Dairy Sci. 92:2971-2975
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Technical note: Derivation of equivalent computing algorithms
for genomic predictions and reliabilities of animal merit
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BV and marker-effects models

* ssGBLUP &> ssBR &> ssSNP-BLUP phrri by
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A single-step genomic model with direct estimation of marker effects

Z Liu*" M. E. Goddard, F. Reinhardt,* and R. Reants®
“Vereinighe Informationssysteme Tierhatung w.W, [VIT), Heideweg 1, D-27255 W u:.- Germarny
tWabourmes School of Land and Ervironment, Universty of Melboume, Parky l-: ¥iclora 3010, Ausiralia



@ e Why ssGWAS?

* Why ssGWAS?

* Assumption of single-marker GWAS: Genotyped individuals have phenotypes

* Animal populations: genotypes and phenotypes may not be on the same individuals
* Deregressed EBV: are biased

* ssGWAS
* All data on genotyped and non-genotyped individuals
 Multi-trait models to accommodate correlations

* Negative aspect of ssGWAS
* Heavy computations for p-values -> same limitation as REML



dasa  The Algorithm for Proven and Young

* Genomic information is redundant
* Most of the variation in GRM is explained by a set of core (proven) individuals
* BV of noncore individuals are a linear combination of BV of core individuals plus an error term

* The noncore (young) individuals are conditionally dependent on the core
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dasiei Equivalence APY ssGBLUP - ssSSNPBLUP

JOURNAL ARTICLE
Indirect predictions with a large number of
genotyped animals using the algorithm for proven

and young
\ndre L S Gar taka Masuda, Shogo Tsuruta, Stephen Miller, Ignacy Misztal,

[ of Animal Science, Volume 98, Issue 6, June 2020, skaal54,
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RESEARCH ARTICLE Open Access

Theoretical accuracy for indirect predictions ed
based on SNP effects from single-step GBLUP
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* |f using APY in ssGBLUP
* Numerical equivalence
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On the equivalence between marker effect
models and breeding value models and direct
genomic values with the Algorithm for Proven
and Young

Matias Bermann' ®, Daniela Lourenco', Natalia 5. Forneris™, Andres Legarra® and Ignacy Misztal

If using APY in ssGBLUP

* Equivalent APY ssSNPBLUP model
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dasiei Equivalence APY ssGBLUP - ssSSNPBLUP
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* If using APY in ssGBLUP PR e

On the equivalence between marker effect
models and breeding value models and direct
genomic values with the Algorithm for Proven

* Equivalent APY ssSNPBLUP model andYoung
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* Exact - Inverse of the LHS of MME
* Approximating reliabilities of GEBV



GEBYV are published with reliability
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Re I | d b | I |ty b ase d on P EV Efficient approximation of reliabilities for single-

step genomic best linear unbiased predictor models
with the Algorithm for Proven and Young

* Approximated for large populations

Journal of Animal Science, Volume 100, Issue 1, January 2022, skab353,
https://doi.org/10.1093/jas/skab353

* Weights based on approximations
* Block sparse inversion with APY

NE - \|

Addition of Block sparse
weights inversion
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gasEi Single-step GWAS — Many genotypes

* Genomic evaluation process

* GEBV using APY ssGBLUP + reliability using block sparse inversion

e alt = kZ.G i,

Leite, Bermann et al.
-1 (in preparation)

o (CU2cU2¢ (W + = oc GAPY)
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ai
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p-value,= 2 (1 - ( ))
e |nitial tests — AGI data

* 845k phenotypes for post-weaning gain
50k genotyped + 1.58M pedigree

e 450k genotyped (13k core + 437k noncore) + 1.8M pedigree
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e Single-step GWAS — Computations

Method Elapsed time, h:min* Peak memory, GB*
Exact - G~ 50k 106:46 159.66
Exact - G,py 50k 110:59 178.30
Approx - Gypy 50k 2:50 16.62

* Computing cost still high?

 Eliminates the limitation on the amount of data for ssGWAS



@ cess Take home messages

* ssGWAS allows for using all data and any model
* Phenotypes
* Pedigree
* Genotypes

* Virtually any number of genotyped animals
* Improvement in computing time and memory requirements

* Possible because of the limited dimensionality of genomic information
* Depends on the quality of approximated reliabilities
* Already implemented in BLUPF90
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