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Introduction

• Calculating exact reliabilities (R2) by inverting LHS of MME is computationally 
infeasible for large datasets 

• Efficient approximation methods are needed
• Single-step GEBV R2 are usually approximated for genotyped and non-

genotyped individuals separately
• It requires propagating the genomic information to the non-genotyped 

animals
• Residual polygenic (RPG) effect needs to be included

M4C philosophy and overview the big picture



©
 L

uk
e

MiX99 course on genomic prediction, Tuusula, 9–11 March 2026

How MiX99 does

• Approximate GEBV R2 for genotyped and non-genotyped individuals separately

• Use effective record contributions (ERC) as weights
ü For genotyped individuals via GBLUP/SNPBLUP

ü For non-genotyped individuals via PBLUP
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Luke/MiX99 method: 7 steps 

• Step1: compute EBV R2 for all individuals in the pedigree

• Steps 2-3: compute GEBV R2 for genotyped individuals

• Steps 4-7: compute GEBV R2 for non-genotyped individuals
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Step1: Compute EBV R2

• Input data: original phenotype, full pedigree, and (co)variance components

• This step produces EBV reliability 𝐫!"

• We partition
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example.clm
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apax.dir
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Run
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Step 2: reverse R2 for the genotyped individuals

• Use the reverse reliability method to compute the ERCg for the genotyped 
individuals 

• Input data: EBV R2 for the genotyped individuals from step 1, i.e., 𝐫!,$" and full 
pedigree
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apax.dir
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Run
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New feature: we can combine step 1 and 2

• Currently these 2 steps done separately in ApaX:
• Method 4: for Tier&Meyer reliability computation
• Method 20: reversed reliability to get ERC

• New method: 24 
• Makes method 4 and then method 20 automatically

• Other new methods:
• 22 & 23: like method 24 but uses methods 2 and 3 for the reliabilities and 

then method 20
• 44: uses method 4 for reliabilities and method 40 for reversed reliabilities
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Using method 24: 
Like method 4 but also a file having ID codes of the genotyped need to be given

• ApaX99 with methods 4 & 20:

• Method 4
4  # Method number

100000 # Number of non-zeros
MiX99_DIR.DIR # Directive file

2 # Absorption level

• Method 20
20 # Method number

id_r2 # ID numbers and reliabilities
MiX99_DIR.DIR # Directive file

0 # Use defaults

• ApaX99 with method 24:
24 # Method number

id_genotyped # ID numbers of the genotyped
100000 # Number of non-zeros

MiX99_DIR.DIR # Directive file

0 # Use defaults for method 20

2 # Absorption level

Luke - Qualitas Genomics in BLUP meeting, Jan 21, 2026
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Method 24 output

• PEVani: has reliabilities from method 4

• PEVani_genotyped: reliabilities of the genotyped from PEVani

• PEVani_ERCR2 ERC and reliabilities after method 20

Luke - Qualitas Genomics in BLUP meeting, Jan 21, 2026
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Step 3: Compute GEBV R2 for the genotyped individuals

• First compute the DGV R2 for the genotyped individuals
• Avoid directly including the RPG effects in the SNPBLUP model
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Run

Here I only used every third markers 
instead of including all the SNPs
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Blend with EBV R2
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Step 4: compute weights for non-genotyped individuals

• Compute ERCf (full) which are ERC corresponding to the EBV R2 in step 1
• Using reversed reliability method
• We then partition
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Run
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Step 5: compute weights for genotyped individuals

• Compute ERCg,g which account for the genomic information and will be used in 
Step 7 as weights



©
 L

uk
e

MiX99 course on genomic prediction, Tuusula, 9–11 March 2026

Step 6: combine the weights for all individuals

• Aggregating the ERC values generated from Steps 4 and 5
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Step 7: Compute GEBV R2 for non-genotyped individuals

• Use a simplified weighted-PBLUP model
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example.clm
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Run
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More details
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Interbull method

• Step 1: calculate genomic ERC/EDC gain 𝜑%

• Step 2: propagate genomic information

• Step 3: combine the genomic R2 gain with the conventional R2
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Step 1: calculate genomic ERC/EDC gain 𝜑%

• This step requires the Interbull setup:
üA list of validation bulls for Interbull GEBV test (in order to compute f)

üAdjustment factor (f): ratio of the expected and theoretical EDC

üGEBV from full and reduced dataset

üTheoretical R2 from both full and reduced dataset

üExpected EDC
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Step 1: calculate genomic ERC/EDC gain 𝜑%
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Step 2: propagate genomic information (𝜑&
!'($)

• Passing 𝜑% via pedigree first from youngest to oldest animals

• Then from oldest to youngest via pedigree
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Step 3: GEBV R2
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A case study

• Data
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Genotyped animals

• Mean R2: 0.66, 0.63, 0.57 for exact, Luke, and Interbull method
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Non-genotyped animals

• Mean R2: 0.48, 0.44, 0.43 for exact, Luke, and Interbull method
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Conclusions

• Both methods provided effective strategy for approximating GEBV R2 from 
single-step model in practice

• The approximated GEBV R2 were in good agreement with the exact GEBV R2
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More details
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Thank you!


