Where :

• 𝐑 -𝟏 = inverse of 𝐑, (co)variance matrix of the residuals. Very simple. 𝐑 = 𝝈 𝒆 𝟐 𝐈 ⇔ 𝑹 -𝟏 = 𝟏 𝝈 𝒆 𝟐 𝐈 • Setup of 𝐀 -𝟏 is very easy (Henderson, 1976). 𝝈 𝒈 𝟐 𝐀 is the genetic variance

• 𝝈 𝒆 𝟐 and 𝝈 𝒈 𝟐 are supposed to be known.

Easily extended to more complicated models (multitrait,…)

☺

Size of the MME can be huge A multivariate evaluation of all 𝜈s with adequate weights 𝜔 is a good proxy for an ideal genetic evaluation (and is computationally more feasible). (not for all traits). Some traits with low heritability (fertility) were poorly evaluated.

p. 16
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Pre-genomic selection in swine production p. 17 Based on Pedigree BLUP (P-BLUP):

-Accuracy is low (𝐶𝐷 𝑖 = 0,25(𝐶𝐷 𝑠 + 𝐶𝐷 𝑑 )

-Can't distinguish the best among siblings -Yet, due to genetic recombination, parents did not transmit the same qualities to all their offspring

Improve the knowledge of genetic potential through assessed transmission of chromosomal segments using tags (SNP chip).

Requires a reference population genotyped and whose genetic merit is known with high accuracy: allows for establishing relation between transmitted chromosomal segments and breeding value.

Genomic selection

EBV are estimated earlier, with a better accuracy p. 36
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Genomic selection

Genomic evaluation

Estimated using pedigree & genetic markers SNP chip ➔ several biological samples can be used to extract DNA: blood, hair, biopsies.

Frow 1000 SNP (LD chip) to 600K SNP (HD chip)

Illumina & Thermo Fisher are two big chip providers

For each locus we obtain the nucleotide info : A T C G Illumina uses another notation : A/B for each locus. X/Y can also be found.

Considering a SNP is biallelic, the information can be condensed, using an integer code to count the number of copies of a reference allele. 

  𝐀 -𝟏 =0 2. For each animal i with parents p & p': a) Add γ to (i,i) b) Add γ 4 to (p,p),(p',p'),(p,p'),(p',p) c) Add -γ 2 to (i,p), (i,p'),(p,i),(p',i) where • γ = 2 when both parents are known • γ = 4 3 when one parent is unknown • γ = 1 when none of them is known 𝐀 -𝟏 is a very sparse matrix p. 10 Hervé CHAPUIS 08/11/2022 Models can be more or less sophisticated… 𝑦 𝑖 = 𝛽 𝑗 + 𝑎 𝑖 + 𝑒 𝑖 same ID i ➔ animal model 𝑎 𝑖 Ignore the dam, which can be replaced by the maternal grand sire More elaborate models • More than one performance by animal ❖ Repeatability model • Two animals influence the same phenotype ❖ Maternal effect model • Many traits by animals or measured in more than one environment ❖ Multitrait animal model The derivation is quite straightforward but the computational cost can be a deterrent. Because of desirable BLUP properties: IF • The base population is neither inbred, nor related nor selected and, • All data previously used for selection and mating are accounted for in the genetic evaluation and, • The A matrix encompasses all relationships and, • Genetic parameters pertain to the base population THEN MME correctly account for all changes in additive genetic variance due to selection, genetic drift, inbreeding and preferential mating (Sorensen & Kennedy, 1982) Using properly ALL available data leads to the best possible result TAKE HOME MESSAGE Ideal genetic evaluations ✓ Rely on an animal model ✓ Account for all available data (pedigree and performances) relative to directly or indirectly selected traits. MULTITRAIT BLUP ANIMAL MODEL p. 12 Hervé CHAPUIS 08/11/2022Unfortunately no software can simultaneaously analyse all traits AND all models  trait is analyzed with the most adequate model. 2. After computation, phenotypes are corrected for all non genetic effects.➢ A new phenotype (deregressed EBV) 𝜈 ➢ Associated weight 𝜔 Then the (very simple) model 𝜈 = 𝜇 + 𝑎 + 𝑒 gives the same result as the best model.

  selection in dairy cattle -Long generation interval : ≈7 years -Strong selection pressure.1/4000 in Holstein (# tested bulls /# inseminations) -High accuracy only for males : CD ≥ 0.7 required for approval

  ✓ Reduce fat (backfat thickness) ✓ Improve growth (Average Daily Gain) ✓ Good feed efficiency (Daily Feed Intake) ✓ Meat quality (pH, meat quality index) high, as main phenotype of interest is persistency of lay Selection intensity is low on the male pathway (no phenotype). Selected males are sibs of the "best" layers ➔ low accuracy & low selection intensity (all sibs are considered equal) selection in layers:alternative breeding scheme (utilization of young males)Young males are mated with proven dams ➔ Reduction of generation interval ➔ Beware accuracy loss Every variation from the original scheme should be carefully modelled before implementation.

  

  

  

  

  

  

  

  

  

  

  

  𝑦 𝑖 = 𝛽 𝑗 + 𝑎 𝑖 + 𝑒 𝑖 Mandatory !!! Can be achieved using PLINK or within blupf90 suite. 1. Animal call rate. N genotyped SNP / N SNP on the chip. Depends on sample quality. Below 0.95 the genotype is not reliable. 2. SNP call rate. N animals with genotype at a SNP/ N animals. Can eliminate SNPs with poor technical quality. Usual threshold =0.953. Minor Allele Frequency. Chip was designed using mixed populations and some alleles may be non informative in some lines. They are also more error-prone. Usual threshold = 0.05 4. Deviation from Hardy-Weinberg Equilibrium. Used as a signal for genotyping errors. If P_value <10 -4 , markers are generally discarded.5. Heterozygosity. Too lowHe can signal a poor DNA quality or inbreeding issue. Two high He may be due to pollution. Discard animal i if 𝐻𝑒 𝑖 -𝐻𝑒 > 3𝜎 6. Pedigree check. Detection of Mendelian conflicts. If parents are opposite homozygotes, offspring is heterozygote. If the number of mismatches exceeds a given threshold, the pedigree is false.

			Genomic selection Genomic selection
	"ped" file	SNP genotyping Data for genomic evaluation	"map" file
					SNP_name chromosome Position (bp)
	Missing genotype ID1254 AA BB AB AB BB AA .. AB ID1869 AB BB .. AA AB AA BB AB … …	homozygotes SNP1 SNP2 SNP3 SNP4	1 1 1 1	1,245 458,796 586,987 796,874
					SNP5	1 1,200,687
		genotype	code	SNP6	1 1,265,973
	heterozygotes AA AB or BA	0 1	SNP6 SNP8 …	1 1,364,789 1 1,400,278
		BB	2	SNPi	5	560,785
	ID1254 ID1869	p. 38 Missing p. 39 02112051 12501021
		Hervé CHAPUIS 08/11/2022	

p. 37 Hervé CHAPUIS 08/11/2022 Hervé CHAPUIS 08/11/2022 Genomic selection Quality control of genomic data

Outlines I. Classical (pre-genomic) selection II. Principles of genomic selection III.Consequences on the selection process

GEBV

Setup of reference population is crucial BEFORE using GEBV in candidate population.

The reference population should be large enough to catch all possible haplotypes in the candidate population (depends on Ne).

Better sample in different families (maximization of genetic diversity, e.g. offdiagonal terms of A matrix).

The reference population should be close enough to the candidate population (inclusion of dams should be considered).

Sufficient number of SNP (50k)

p. 40

Hervé CHAPUIS 08/11/2022 ID1 ID2 ID3 ID4 ID5 ID6 ID7 ID8 ID1 1.00 0.00 0.0 0.0 0.50 0.50 0.0 0.25 ID2 0.00 1.00 0.0 0.0 0.50 0.50 0.0 0.25 ID3 0.00 0.00 1.0 0.0 0.00 0.00 0.5 0.00 ID4 0.00 0.00 0.0 1.0 0.00 0.00 0.5 0.00 ID5 0.50 0.50 0.0 0.0 1.00 0.50 0.0 0.75 ID6 0.50 0.50 0.0 0.0 0.50 1.00 0.0 0.75 ID7 0.00 0.00 0.5 0.5 0.00 0.00 1.0 0.00 ID8 0.25 0.25 0.0 0.0 0.75 0.75 0.0 1.25

A matrix (pedigree)

G matrix (markers) Where G is the matrix of genomic relationships. (The system is no longer sparse)

Genotypes of candidates

GBLUP and SNP-BLUP were found to be equivalent Genomic selection:

A word about G matrix G is singular if Z uses centered coding with observed allele frequencies (last row can be predicted from the other ones).

➔ Inclusion of a small part of pedigree matrix 𝐀 𝟐𝟐 : 𝐆 = 1 -𝛼 𝐆 + 𝛼𝐀 𝟐𝟐 G was computed using current (available) allele frequencies.

To account our ignorance as to the difference between pedigree and genomic bases, a correction is proposed to have same mean diagonal and off-diagonal as 𝐀 𝟐𝟐 : In poultry species, DL was found lower in micro chromosomes compared to macro chromosomes.

p. 52
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Genomic selection

Imputation quality

Imputation using pedigree information is faster, as parents can be phased (not implemented in first software, that were used in human studies)

Imputation quality Genomic selection

Imputation strategy

Given the genotyping costs, how to design a LD chip to perform genomic selection ?

1. Start from the reference population with HD genotypes. 2. Split in two populations. One will be used to test scenarios (LD chip design), the rest will be considered as a reference population. Genomic selection is supposed to:

in silico discard

-Allow for selection of new traits In Europe cages are likely to be banned very shortly Need to rethink the way birds are bred in the poultry selection schemes.

One solution could be to house females on floor (large pens) and inseminate * them with pooled semen of several drakes. ➔ Offspring pedigree is obtained through parentage assignment using molecular markers.

Consequences of the genomic selection

Ducks selected for fatty liver production (in Europe)

(*) For mule duck production. For purebred reproduction, natural mating is also an option For those who want more on the subject… p. 69
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Special thanks to Vincent Ducrocq, Celine Carillier-Jacquin and Helene Larroque (INRAE) for their contribution to these slides.