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CDCB database statistics

3.2mil 4 1mil 72

lactation records integrated in National 4.1 million cows on official milk countries with animal genotypes

Cooperator Database in 2023 recording (DHI, 2021) included in CDCB database

Imil 1.4mil 93%

dairy animals genotyped (May 3, 2024) genotypes added in 2023 of genotyped animals are female

12 89% 10%

breeds represented in the genotypic of genotypes are Holstein of genotypes are Jersey
database

https://uscdcb.com/database-stats/



ssGBLUP tests for CDCB

@
Material and Methods CDCB

COUNCIL ON DAIRY CATTLE BREEDING

Number of records

Pedigree 93.4M

Genotypes 2M

Cow Conception Rate (CCR) 35.2M

Heifer Conception Rate (HCR) 11.5M

Daughter Pregnancy Rate (DPR) 89.6M &

Early First Calving (EFC) 35.4M hetpe/facaboNe AT

* Fertility traits are hard to evaluate due to low heritability, genetic correlations with

milk yield, and changing management trends
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gasici— GEBV for almost 7M animals left

* Equivalence between ssGBLUP and ssSNPBLUP
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P + Reliability of IP

* Reliability of Indirect Predictions

z;var(a)z;'
RELip. = J ( )] Liu et al. (2017)
IP;
J 2
Cu

* Obtaining var(a) from ssGBLUP
Var(@) = kZ'G™1(G — C"2Y2)G~1Zk

METHODOLOGY ARTICLE Open Access

Rapid screening for phenotype-genotype
associations by linear transformations of genomic
evaluations

"
Selection
RESEARCH ARTICLE Open Access

Theoretical accuracy for indirect predictions
based on SNP effects from single-step GBLUP

High cost — inverse of LHS of MME

Feasible for small datasets — up to 35k genotyped animals

How to overcome this limitation?



Using the APY framework

o heo :gimm

) ﬁﬂ Eretion RESEARCH ARTICLE Open Access
SP— — R— On the equivalence between marker effect
Theoretical accuracy for indirect predictions models and breeding value models and direct
based on SNP effects from single-step GBLUP genomic values with the Algorithm for Proven
ke o e Rl Ak LBaSa Shess TaiiaY nsey T s Dniaky ot and Young
* If using APY in ssGBLUP * If using APY in ssGBLUP

* Numerical equivalence * Equivalent APY ssSNPBLUP model

(] a — ! _1 u ’
a=kZ GAPY“ ed = kZ-I- GX[l)Yﬁ = kZ¢ GCC Uc

e Var(@) = kZ.Gzl (Goe — CY2c"2¢) G Z k

L} Function of all genotyped animals L} Function of CORE animals

 Var(@) = kZ'Gpy(G — C*2Y2)G oy Zk



easiciEquivalence APY ssGBLUP — ssSNPBLUP
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Theoretical accuracy for indirect predictions

Bermann ¢t al. Genetics Selection Evolution 2022) 54:52 G t
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RESEARCH ARTICLE Open Access
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Va“r(a) = kZ G (GCC Cuzcuzc)GcclzCk On the equivalence between marker effect

models and breeding value models and direct
genomic values with the Algorithm for Proven
and Young

* Approximated reliabilities of GEBV



Reliability of GEBV in APY ssGBLUP

Re I Ia b I | |ty b ase d on P EV Efficient approximation of reliabilities for single-
step genomic best linear unbiased predictor models
with the Algorlthm for Proven and Young

* Approximated for large populations R i

Journal of Animal Science, Volume 100, Issue 1, January 2022, skab353,
3 kab353

* Weights based on approximations
* Block sparse inversion with APY

NE . \l

Addition of Block sparse
weights inversion

W GKPY W + GKPY




ssGBLUP evaluation process

* Genomic evaluation process

* GEBV using APY ssGBLUP + reliability using block sparse inversion

Cuzcuzc — (W + GAPY

Var(@) = kZ.Gz2 (Gee — CY2¢"2¢)GZAZ k



[ esiais Pipe line

* blup9%90i10d3

. GEBV mmmm_)  Official Evaluations

* accf90GS3
* GEBV reliability and C"2c"2c

* postGSEI0

* Backsolve C"2c"2c to var(a) > Added portion
* Predf90
* |IP and IP reliability



Holstein Dataset

* Pedigree: 2,240,568 animals

e Milk Yield: 1,422,330 Records

* Genotypes: Total: 33,338
Training: 32,570 bulls
Validation (2017): 768 bulls

* Exact reliabilities based on the inverse (training + validation)

* Reliabilities of IP (for validation) with exact C"2"2 (from training)

 Reliabilities of IP (for validation) with approximated C"2c"2c (from training)



Exact vs. IP reliabilities
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gesiei P reliabilities with exact vs. approx. C"2cY2c
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Take home messages

* Reliability of IP can be computed from the official ssGBLUP runs
* Based on approximated C"2c"2c
* Using the existent pipeline

* Already implemented in BLUPF90

* Next steps:
* Add the residual polygenic effect
* Genotyped animals with own or progeny records

e Multibreed
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