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Talk outline 

• Single-step in MiX99 
• CLIM 
• Directive file 

 
• Making matrices for single-step 

• RelaX2 
• Hginv 

 

• Bayesian models and abc_mix/abc_multi 
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Genomic modeling 

Multistep - evaluations 
Three steps: 
1. Genetic evaluations to get EBV 

or Daughter yield deviations 
(DYD) 
(or EBV are converted to 
deregressed proof DRP) 

2. DYD or DRP are used to solve 
direct genomic values DGV 

3. DGVs are combined with EBV to 
form Genomic Enhanced 
Breeding values GEBV 

 

Single step evaluations 
Evaluations include directly all animals:  

• Animals with genomic information 
• Animals without genomic information 

• Genomic information is used: 
• directly in the model for phenotypic 

observations 
Or   EBV of animals with records are 

converted to  DRP and DRP are used as 
observations 

 

• Yields directly the GEBV 
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Commonly Genomic Modeling by two alternative paths: 
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Genomic modeling 

Multistep - evaluations Single step evaluations 

4 

Multi step 

Estimation of 
young bull DGV 

 
Bulls with: 

Reliable EBVs 
 

Genotypes 

Marker 
solutions 

Estimation of 
marker effects 

Young bull Genotypes 
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Cows with: 
Phenotypes 

 

Pedigree 

Estimation of 
GEBV 

Genotypes 

Single-step 



Single trait single-step 
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Model:  y = Xb + Wa + e,  assume:   Var(e) =  
            Var(a) = 
Single trait ssGBLUP mixed model equations: 
 
 
 
Order matrices to groups:  1= non-genotyped, 2= genotyped 
Relationship matrix       and inverse: 
 
 
We have 
 

1

ˆ

ˆλ −

′ ′ ′    
=    ′ ′ ′+    

X X X W X yb
W X W W H Z ya

2
eσI

2
aσH









=

2221

1211

AA
AA

A 







=−

2221

1211
1

AA
AA

A

( )

11 12
1

121 22 1
22

−
−−

  
= +    −    

0 0A A
H

A A 0 G A



Single-step in MiX99 

• MiX99 needs 
• Pedigree 
• Matrix G-1 – A22

-1 

In order to make 
 
 
 
Hence, 
 there is NO NEED to make complete H-1 for MiX99. 
 
One approach is to use program:  hginv 
which needs A22 
which can be made RelaX2 
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Prerequisites for single-step 
• High quality genotypes  
 Typical step before genomic evaluation is extensive editing of 

genotypes: MAF, call rates, clones, high linkage 
• MiX99 uses data as  -- animals in rows, SNPs in columns – 

 

• Phenotype data 
• MiX99 data form as usual: 
• Columns: 
 Fixed effects [random effects] observations [weights]  
 

• Model parameters 
• (co)Variances for markers – (co)variances for residuals 

 
• Pedigree for all animals 
• G-1 – A22

-1 
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Walk through example 
 

Single-step 
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ID Herdbook_Nbr Birth_year One 
milkEBV protEBV fatEBV 

 
milkEDC protEDC fatEDC milkDRP protDRP fatDRP  
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Single step needs G-1 – A22
-1  



Making A22 using RelaX2: the 345 data 
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A22 matrix between genotyped animals 



Single step by MiX99: hginv 
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Making the matrix: G-1 – A22
-1 

-m ost= single-step matrix -w .1 = 10% polygenic or Gw=(1-w)G + w A22 

GBLUP: 

Single-step: Normal pedigree file & file for G-1 – A22
-1  

CLIM 



Solving single-step by MiX99 
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MiX99: Directive file and single-step 
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Standard single-step 

Giving separately G-1 and A22
-1 Single step 

i= inverse matrices given 



Directive file and single-step 
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Standard single-step 

Giving separately G and A; no inverses 

Single step 
i= inverse matrices given 

M= mixed format (both upper & lower triangle possible) 

Correlations 1.00000 



hginv program:  
1 processor & multiple core versions 

• Uses LAPACK subroutines in making G and inversion 
• Methods: 
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More options in hginv 
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The program allows: 
 - making G and G-1 when given marker information 
 - making A22

-1 when given A22  
 - making G-1 – A22

-1 when given marker data and A22 
 
Flexibility in chosing method for genomic relationship matrix. 



Genomic data and 
 

Bayesian models 
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Markov chain Monte Carlo for Bayesian 
genomic models 
• Estimate the individual 

marker variances 
• eg. abc_mix <options.abc 
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Program abc_mix/abc_multi 

• Bayesian analysis using Markov chain Monte Carlo 
 

• Model:  y = Xb + Wg + e, 
where  
 often X=1  b is general mean 
 vector g has marker effects. 
 
SNP-BLUP when variance components known, 
 use mix99i/mix99s 
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Models in abc_mix/abc_multi 
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 where all variances known: mix99s SNP-BLUP: 

BayesA: 

BayesB: 

y = Xb + Wg + e, where in general  

OR: 

S and ν are known,  
residual variance estimated 

= S/ν is known  

OR: known:  ν,π,  

known:  ν,π,S  



Some models in abc_mix/abc_multi 
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BayesA: 

BayesB: 

y = Xb + Wg + e, where in general  

OR: 

S and ν are known,  
residual variance estimated 

OR: 

GtA: 

known:  ν,  

known:  ν;  estimated 

GtB: 

known:  ν,π,S  

known:  ν,π,  

known:  ν,π  

abc_mix/abc_multi allows estimation of π  

estimated:  

Other models include: 
 Gaussian model for estimating marker and residual variance for SNP-BLUP 
 Stochastic variable selection (SSVS)  



First step: MiX99 preprocessor as usual 
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No PARFILE needed because given as fixed effect model! 



abc_mix/abc_multi: BayesA & GtA 
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BayesA: 

c= centering for computations p= prediction (validation) 

GtA: 



Some output for GtA 
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General mean estimate 
Genetic marker variance  

Residual variance 

Marker effects 

Program output: 
Gives also: 
Mean squared error (MSE), 
Validation reliability 
Regression coefficient (b1) 



Bottom line 

• MiX99 allows several ways to calculate single-step BLUP 
 

• RelaX2 and Hginv programs can be used to prepare data for 
single-step model 
 

• abc_mix/abc_multi can be used in genomic Bayesian model 
analysis 
• Preprocessing by MiX99 preprocessor OR directly (abc_multi) 
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