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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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Commonly Genomic Modeling takes two alternative paths: 

Estimation of 
young bull DGV 

Bulls with: 
Reliable EBVs 

 Genotypes 

Marker 
solutions 

Estimation of 
marker effects 

Young bull Genotypes 
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Genomic modeling 
• Frequently genomic BV models (multi-step) are simple 

• ”Precorrected” data is used 
 DRPs    (Deregressed genetic evaluations) 

   DYDs     (Daughter yield deviations – or yield deviations YD) 
 EDCs or ERCs (Effective Daughter/Record Contributions) are used as weights 

• Not large number of unknowns to solve 
• Dense nature of MME and bad model choice can lead into problems… 

 
• Why use MiX99? 

•  MiX99 treats genomic models same way as usual models: 
• can include fixed effects,  
• can include polygenic effects, or other random effects 
• can utilize multiple traits, when needed 

• MiX99 pipeline is less error prone than more diverse –tailored- applications 
• No extra renumbering or extra data edits 
• Matching utlilities:    hginv, exa99, ApaX 
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Genomic Models available in MiX99  

1. GBLUP Models 
• Generally: models that require specified variance structures 

e.g. marker assisted models and corresponding IBD matrices 
• Genomic relationships, RKHS* (Euclidean distance matrices) 
• Trait wise Genomic Relationship matrices 

 

2. Marker effect models  
• SNP-BLUP with common variance 
• SNP-BLUP with heterogenous variances for SNP-effects 
• Haplotype –effect models 
• with or without other random effects (polygenic etc.) 
  

3. Single-step models   
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*Reproducing kernel Hilbert spaces regression 
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Genomic model approach in MiX99 

1. GBLUP Models 
• Generally:  

Solver does not know the structure of the matrix 
• User supplies the inverses of the variance structures  
• T 

 

2. Marker effect models  
• Generally: 
 User supplies the genomic data design matrices – regression matrix file 
• Simplifies the use (less model instructions are needed) 
• Gives great freedom to specify the design matrix 
 

3. Single-step models   
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From freedom came responsibility ! 

From freedom came elegance 
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Walk through example 
 

SNP-BLUP 
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Model 
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Prerequisites for genomic evaluations 

In the genomic model we need:  
 
• 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 
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Y 
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ID Herdbook_Nbr Birth_year One 
milkEBV protEBV fatEBV 

 
milkEDC protEDC fatEDC milkDRP protDRP fatDRP  
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MiX99 Instructions and parameter files: 
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The EBVs were deregressed 
Using the EDCs listed in the phenotypes file 
 
The variance parameters we used in  
Deregression where: 
Var(a)= 1.0 
Var(e)=  1.5 
 
Thus, 
For the SNP-BLUP we defined the 
marker variance to be 
 
Var(g)= 1/sum2pq 

)1(22 ∑ −= ii pppqsum
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Variance parameter files  PARFILE & REGPARFILE 

Regression matrix file  snp_genot345.dat  
Regression matrix information 

Model information 
Options: 
fixed or random or heterogenous 

Data file and identification  
of variables 
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Solf01: 
Fixed effect solutions 
- General mean - muu 

Because   -p “mix99s  -s -p “ 
Predicted values in yHAT.data0: 
- In same order as your data 
- NOTE:   

Solreg_mat –file: 
Marker solutions 

µ̂ˆ += ii DGVy



More advanced SNP-BLUP … 

• Add polygenic effect to the model 
 

 
• simply add PEDFILE, PEDIGREE and the animal into model   

 

• Use multiple trait models 
• simply add more model lines, and respesify the PARFILE  
• Especially useful with zero correlations,  

because it allows to run multiple runs simultaneously 
 

• Use marker specific variances  
• Specify REGMATRIX type as HETEROGENOUS  
• respesify REGPARFILE to span all m markers 
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eZgWaμy +++=
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“Fast BayesB MAP SNP BLUP” 

• Estimate the individual 
marker variances 
• eg. abc_mix <options.abc 
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Walk through example 
 

GBLUP 
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GBLUP Model 
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GBLUP vs. SNP-BLUP 
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Running the GBLUP in MiX99 
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File    gblup.var  
  1  1   1    var(a) 
                 2  1   1    var(e) 
 
File        bulls345.ginv 
•   the matrix G-1 in sparse form 
•   the i and j are animal   IDs 
 
 
 

•  MiX99 program suite includes 
    an useful program hginv   

4.12.2014  

hginv –options: 
Raw, 101, PvR1   - VanRaden Method 1, 
1a, 1m, PvR2   - VanRaden Method 2, 2m,   
PvR3   - VanRaden Method 3, ls, ls3, ls4, 
edm, ole, PV(isher),…    



• Instructions not much different 
than before 
• the same data file 

 
 

• Pedigree file is replaced by G-1 

–file 
• Specification FILE 
 
 
 

• Model statement now includes 
also animal 
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 Example has only 345 animals: 
• solution required 12 iterations 
  (SNP-BLUP needed 271 PCG rounds) 
 
File Solani has directly the DGVs 
 
While in case of the SNP-BLUP 
User has to solve the DGV 
 
DGV = a = Zg 
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But if I force ai  of the first animal to be equal 
then also the rest are equal 
 

 Lets go back to SNPBLUP 
 
And compute the a=Zg 
 
 
 
This does not satisfy the E[a]==0 
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More advanced GBLUP … 

• Add polygenic effect to the model 
 

 
• You need PEDFILE; PEDIGREE; COVFILE  and  RANDOM instructions 
• MODEL :    “y = muu  genomic(animal)  polygenic(animal)”  

• Use multiple trait models 
• simply add more model lines, and respecify the PARFILE  
• Especially useful with zero correlations, because it allows to run multiple 

runs simultaneously 
 

• To use marker specific variances  
• Specify  the G-matrix as you like:    G=ZDZ’, with any D (and/or Z) 
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eaWuμy +++=
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Bottom line 

• MiX99 package operates equally with pedigree and genomic 
models. 
• Usable utilities like exa99 and ApaX, plus few genomic specific tools like 

hginv, and SNP-based PEV programs.     

 
• Simple GBLUP and SNP-BLUP are easy to run with MiX99 
• More advanced models possible, read the CLIM manual  

 
• Ambitious development plans: 

• Single-step evaluations for very large populations 
• Continuous evaluations etc. 
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