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Deregressed proofs

• Variable of choice in MACE evaluation, because often too difficult to provide daughter yield deviations

• Used for blending foreign information into national genetic evaluations

• Variable of choice for condensing information from non-genotyped animals into genotyped animals 
(e.g., multi-step genomic evaluation)

• Used for model validation purposes, GWAS studies, etc. 

Calculating deregressed proofs – Concept and MiX99 syntax
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Deregressed proofs

• Making breeding values independent from genetic 
relationships and unknown parent groups

• Associating a weight to an animal’s DRP

• The applied weight depends on the purpose for which the 
DRP is used

DRP as pseudo-phenotype: the weight reflects the animal’s 
own information that contributes to the evaluation, i.e., the 
effective record contribution (ERC)

• Evaluations based on proper DRPs and ERCs would give the 
same original EBVs as estimated from the original data

• Breeding values

• Genetic relationships among the animals

• Variance components
• ERC (or EDC for MACE)

• Reliabilities of breeding values

Concept of deregressed genetic predictions or 
“deregressed poofs” (DRP)

What is needed for calculating DRPs

Calculating deregressed proofs – Concept and MiX99 syntax
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Estimated breeding values and reliabilities from PBLUP

• Prediction of breeding values: see DAY1 and DAY2

• Breeding values and reliabilities from same evaluation

• Intended use of DRPs determines how accurate the 
reliability approximation needs to be

Some reliability options in MiX99
• Exact reliabilities: for small models

• Tier and Meyer (2004): multi-trait animal models

• Misztal and Wiggens (1988):    animal model

• Interbull reliabilities: sire model
Absorbing within-block effects into animal genetic effects

Exact absorption reduces (upwards) bias in reliabilities  

Instruction file for apax99 (repeatability model, 2 traits)

Calculating deregressed proofs – Concept and MiX99 syntax EBV and r2
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Calculation of effective record contributions (ERC)

Idea: From given reliabilities such weights are 
approximated that lead back to the same reliabilities

• Weights are derived avoiding double counting of 
information à effective record contribution (ERC)

• Required information: reliabilities, pedigree, heritability

• Included reliabilities are only from those animals for 
which DRPs should be calculated

Approaches available in MiX99

• Reverse Tier and Meyer (2004): multi-trait ERC
• Reverse Harris and Johnson (1998): single-trait ERC

• Interbull reliability: EDCs for sires 

Reversed reliability approximation Instruction file for apax99 (multi-trait ERC, 2 traits)

For AccurType option “20 p” and “40 p” 
no mix99i pre-processing needed 

Pedigree and variance 
component information 

Calculating deregressed proofs – Concept and MiX99 syntax ERC
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Calculation of deregressed proofs (DRP)

• Solutions (breeding values) are known for individuals 
for which DRPs are wanted

• Other solutions are unknown (ancestors, unknown 
parent groups, general mean)

Deregression in MiX99 is based on Jairath et al. (1998) 
and Schaeffer (2001) 

A two-step iteration procedure is applied:
1. Solve unknowns for ancestors and unknown 

parent group, given current solutions and know 
solutions of individuals 

2. Calculate new estimate for general mean

• Broyden method (default)
• fast and most reliable

• Other methods
• Secant, Gauss-Seidel, Bisection

• All methods should result same solutions
Important

• For some models, default convergence parameters 
need to be modified to achieve convergence

• Very small ERC values may cause convergence problems

• Unknown parent groups should be well defined

Solving a non-linear system of equations Deregression options in MiX99

Calculating deregressed proofs – Concept and MiX99 syntax DRP
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Calculation of deregressed proofs (DRP)

• Simple linear mixed model with a general mean as fixed 
effect, and one random animal effect

• Univariate and multivariate models are supported

• Weighted observations where:
• breeding values are specified as observations
• ERCs are the associated weights

• Observations are given only for individuals for which 
DRP should be calculated

• The unknown parent groups in the pedigree must be 
modelled as random effects

CLIM file

Solver options

Basic model set-up for deregression

MiX99 instruction (bivariate model)

Calculating deregressed proofs – Concept and MiX99 syntax DRP
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Data and Model

Example data

• First parity test-day milk and protein yields: 22,300 records from 607 cows and 1 herd
• Pedigree includes 2,751 animals and one unknow parent group

Bivariate repeatability model

𝑚𝑖𝑙𝑘!"# = 𝑓$ 𝑐𝑎𝑔𝑒! + 𝑓$ 𝑑𝑖𝑚!" + 𝐻𝑌𝑆$:# + 𝑝𝑒$:! + 𝑎$:! + 𝑒$:!"#

𝑝𝑟𝑜𝑡𝑒𝑖𝑛!"# = 𝑓& 𝑐𝑎𝑔𝑒! + 𝑓& 𝑑𝑖𝑚!" + 𝐻𝑌𝑆&:# + 𝑝𝑒&:! + 𝑎&:! + 𝑒&:!"#
where 𝑓∗ 𝑐𝑎𝑔𝑒" are functions for calving age effects,

and 𝑓∗ 𝑑𝑖𝑚 are functions for stage of lactation fixed effects, 

𝐻𝑌𝑆∗:$ fixed herd year season effects
𝑝𝑒∗:" , 𝑎∗:" , and 𝑒∗:" are random permanent environmental, additive genetic, and residual effects

Example I: Multi-trait repeatability model
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Breeding value estimation
Data file

ID     HERD  HYD    DIM        age              age2                milk               protein

Table file
DIM    Leg_cov0                        Leg_cov1                      Leg_cov2                     Leg_cov3                exp(-0.005*DIM)

t1                                    t2                                    t3                              t4                               t5

VC parameter fileCLIM file Pedigree file

Unknown parent
group  

Blocking code 
(HERD)  

Solving the model…

…Solani file

Breeding values 

ID              Desc Nrec milk               protein

Example I: Multi-trait repeatability model EBV
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Approximation of reliabilities

• Records of input data are sorted by HERD 
and animal ID

• Only within-block effects are considered

• Order of effects within-block is important
• animal genetic effect must be first
• followed by other effects
• the effect with least effect levels as last

CLIM file

Example I: Multi-trait repeatability model r2
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Approximation of reliabilities

…PEVani file
ID                Desc Nrec r2_milk           r2_protein

Instruction file for apax99

Calculating reliabilities…

exact absorption of all within-block effects

apax99.log file
Inspect log file carefully! Is all as expected? Are h2s correct?

Example I: Multi-trait repeatability model r2
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Effective record contributions (ERC) calculations

…PEVani file
ID                Desc Nrec ERCmilk ERCprotein

Instruction file for apax99
Input data file

ID            r2_milk  r2_protein

VC parameter file

Calculating ERCs…

…check convergence 
information in apax99.log

…only individuals included in 
input data file receive ERCs

VC for pe and residual 
effects are combined 

Example I: Multi-trait repeatability model ERC
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Deregression of proofs

• Input data file includes the following columns:

ID, 1, EBV columns, ERC columns

• Only individuals with ERCs are included
• If ERC is very small, EBV should be set missing

CLIM fileInput data file

ID        MN    EBVmilk EBVprotein ERCmilk ERCprotein

Unknown parent groups 
must be defined to be random!

VC parameter file

Same parameters as used for 
the ERC calculation!

Example I: Multi-trait repeatability model DRP
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Deregression of proofs

Solver option file

Calculating deregressed proofs…

…check convergence 
information in mix99s.log

…Solani file
ID                Desc Nrec DRPmilk DRPprotein

mix99s.log

Example I: Multi-trait repeatability model DRP
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Validation

Estimating breeding values using DRPs and ERCs should 
result same EBVs as the original ones

Estimation approach
• Input data includes DRPs and ERCs
• Same VC parameters and model as used for DRP 

calculation 

ID        MN    DRPmilk DRPprotein ERCmilk ERCprotein

Input data file

CLIM file

Simple statistics for breeding values

Example I: Multi-trait repeatability model
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Example II: Multi-trait random regression model
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Breeding value estimation

• Same data are used as for Example I

• Same traits and model effects as in model 
for Example I

Only difference

Here, the permanent environmental and 
additive genetic effects are modelled by a 
Wilmink function 

CLIM file

Example II: Multi-trait random regression model EBV
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Approximation of reliabilities

CLIM file has same setup as for Example I

Instruction file for apax99 

• apax99.log file shows the applied 305d heritabilities

• PEVani gives reliabilities for 305d breeding values

Information about setting up covariable matrix 
for 305d breeding value calculation

…PEVani file
ID                Desc Nrec r2_milk          r2_protein

Example II: Multi-trait random regression model r2
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Calculation of ERCs and DRPs

• Exactly the same models and procedures are applied as 
for Example I

• However, applied variance components must be for 
305d breeding values

305d variance components

• 𝐆%&' = 𝐒𝐊(𝐒) =

• 𝐑%&' = 𝐒𝐊*𝐒) + 305×𝐊+ =
𝚽& =

𝛟%&' = 215.7 −58.1 16.0

𝐒 = 215.7 0 −58.1 0 16.0 0
0 215.7 0 −58.1 0 16.0

Example II: Multi-trait random regression model ERC and DRP
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Validation

We can use the previous summing matrix S

Octave script

305d breeding values from original RR model Simple statistics for breeding values

Solani file from random regression model 

Solani305 file

Example II: Multi-trait random regression model
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Thank you!


