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A Genome and SNPs

A vit genomic evaluation system

A vit evaluation model
A System components

A Validation using simulated data
A Routine application issues

A Future developments
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Cattle SNP Collaboration IBMAC

ADevelop 60,000 Bead I
assay

I USDA-ARS Beltsville Agricultural Research
Center: Bovine Functional Genomics Laboratory
and Animal Improvement Programs Laboratory

I University of Missouri
I University of Alberta
I USDA-ARS US Meat Animal Research Center

A Starting 60,800 beads i expected 53,000

SNPs to result
A Plan to genotype ~30,000 animals for ® llyiina
multiple projects i
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Gap Distribution
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Gap Between Adjacent Markers
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Conventional Genetic Evaluation Vit e

A Elements of conventional breeding programmes
A Pedigree data
A Performance data: production, type, etc.
A Artificial insemination
A Data structure for across herd genetic evaluation
A Computing power and algorithms
BLUP procedures give very reliable EBVs from bulls after a
progeny test (95 199 % reliability)
A Very successful tool in the last 40 years
A National proofs converted to foreign country scales

A Expensive progeny testing
A EBV ofyoungbullsC par ent average (P
AR|] of cows much | ower than
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Advance in genotyping technique (SNP)

A Genotype and allels at a given chromosome location

A State of the art technology
C ~ 50.000 SNPs from an individual animal for 200 EUR

Genotype:

Animal 1: --AGGCACC GCAATCCACG GAGGCACGC CCTCACCGGA GGTTTCGCTC TCCACGG...
..AGGCACC GCAATCCACG GAGGCACGC CCTCACCGGA GGTTTCGCTC TCCACGG...

Animal 2: --AGGCACC GCAATCCACG GAG%CGC CCTCACCGGA GGTTTCGCTC TCCACGG...
..AGGCACC GCAATCCACG GAGGBACGC CCTCACCGGA GGTTTCGCTC TCCACGG...  AA

Animal 3: --.AGGCACC GCAATCCACG GAGGEACGC CCTCACCGGA GGTTTCGCTC TCCACGG...
- AGGCACC GCAATCCACG GAGGBACGC CCTCACCGGA GGTTTCGCTC TCCACGG... A

Animal n: --.AGGCACC GCAATCCACG GAGgﬁQCGC CCTCACCGGA GGTTTCGCTC TCCACGG... 5 o
..AGGCACC GCAATCCACG GAGGBACGC CCTCACCGGA GGTTTCGCTC TCCACGG...

e.g. Chromosome 6, Position # 43.675.239
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SNP Chromosome 1 Chromosome 2 Chromosome 3 Chromosome n
effect +40 4
+20 +

oL _ _ Known SNPs
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- 404

1+1 -1-1+1+25 -1+1 -1-1-1+42+1 -1-1-1-1-22-1+1 -1-1=+38
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|l nt 61 Devel opment in Gen:

A Already running projects (AUS, NZL, NLD,
CAN/USA, FRA and IRL)

A Routine implementation by evaluation centres

A AIPL of USDA (VanRaden 2007)

A LIC of NZL (Harris et al. 2008)

A CR-Delta of NLD (de Roos et al. 2007)
A INRA of FRA

Pal

A Interbull Task Force for genomic evaluation

A Implementation in 2009 by Interbull
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Genomic Selection in Germany

A GenoTrack project among German institutions
A vit database project for genomic selection

A vit project for genomic enhanced genetic
evaluation

A Routine genotyping started
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vit Genomic Evaluation Model

P
G =mra+tgm+€
j=1

A DYD/ YD of bull / cow as dependent variable

A Weighted by EDC
A Deregressed proofs for missing DYD

A Polygenic effect with  full pedigree relationship

A ldentical modelling as in conventional evaluation
A Phantom parent groups

A Variable marker variances
A All markers included
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Features of vit Genomic Model

Pal

A Deterministic approach (not Gibbs sampling)
A Residuals weighted by EDC (cows & bulls jointly)

A Polygenic effect and relationship matrix with
phantom parent grouping

A Various approaches to SNP variance implemented

A A non -linear model (VanRaden 2008)
A Robust regression model (Draper & Smith)

A Alternative weighting functions
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Features of vit Genoml c |

A Ranging from pure marker model to pure
polygenic model, depending on weightings

A Special model: equal marker variance (linear
BLUP model)

A Special Gauss -Seidel algorithm with periodical
residual update (Legarra & Misztal 2008)

A Using pre -defined marker variances, if needed

Vo

A Using previous solutions as starting values
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Components of vit Genomic System

A Combining GEBV with conventional EBV
A Reliability for combined EBV

p
A Alternative model G =/m+a +u, +g withu, =g m,
j

A Calculating genomic relationship and inbreeding

A Approximating reliabilities of GEBV

Vo

A Estimating allele frequencies of base population

Vo

A Deregression procedure for selected traits

A Programs for pre - & post -processing
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Alternative Weighting Functions

Model variant Function
Linear model with equal variance (EQ) s7=5°31
Non-linear model, linear weight ( LW) si=s%3§

exponential weight (E1, USDA)
exponential weight (E2, USDA)
guadratic weight (Q1)

guadratic weight with limits ( Q2)

Polygenic model (PG

min/ max for\ﬁ\

5205730
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vit Genomic Evaluation Software

A Fortran 90 source programs
A Library and object files managed by makefile

A Automation with shell scripts
A Including master and sequence scripts

Pal

A Fast and well -defined convergence

Pal

A Marker data processing across all traits

A Genomic evaluation by trait group

A Difference in conventional GE timing among traits
A Difference in # animals with phenotype & markers
A Bulls or cows requiring different files
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Validation Using a Simulated Data Set

Pal

A Data set from 2008 QTL -MAS Workshop

A Simulated marker and phenotypic data

A Swine -type pedigree structure

A 6000 SNP markers evenly distributed on 6 chromosome S
A 48 QTLs with different variances (none on chr. 6)

A Estimation set: 4665 animals (165/1500/1500/1500)

A Validation set: 1200 animals (400/400/400)

A No fixed and random effects, except QTLs

A 45 (450) sires (dams) with 100 (10) progeny

A True values: h 2=0.304, genetic std dev =1.17
A Model PG (.303, .001), genomic (.001, .303)
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Genetic variance (%)
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16 (of 48) big SNPs explain 96 .3% genetic variance
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SNP Effect Estimates vit‘\ﬁ‘
Model EQ (linear BLUP model s{=5%31)
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SNP Effect Estimates \7}
Model E1 (non -linear model ) Vit

True QTL variances
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