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Contents

Calculation of reliabilities for BLUP test-day model (step 1 of single step pipeline)

• Set up model 

• Define breeding values of which reliabilitis are calculated

• Apax instruction file

• Solutions

Calculation of single step reliabilities

• 3 steps explained 
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BLUP reliabilities for 9 trait test-day model
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Model and definition of breeding value of interest

TITLE   MT random regression TDM 

DATAFILE  lact3.dat

INTEGER   HERD ANI LACT HTD HC2Y C2Y AGE DCC DDRY DIM ResClass

REAL      MILK PROTEIN FAT                                     

MISSING   -64.0

PEDFILE  TD9.ped

PEDIGREE G  am

TABLEFILE LG3_W004.cov

TABLEINDEX DIM

RESIDUAL ResClass

RESIDFILE lact3.res

PARFILE   lact3.par 

RANDOM   HTD  PE G 

TMPDIR  tmpMiX

TRAITGROUP LACTMODEL

MILK(1)    =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

PROTEIN(1) =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

FAT(1)     =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

MILK(2)    =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

PROTEIN(2) =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

FAT(2)     =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

MILK(3)    =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

PROTEIN(3) =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

FAT(3)     =  LACcurve(t1 t2 t3 t4) HTD PE(1 t2 t3 t5|ANI)  G(1 t2 t3 t5|ANI)

DATASORT  BLOCK=HERD PEDIGREECODE=ANI

WITHINBLOCKORDER G PE HTD 

PRECON           b  b d    d

• Model has milk, protein and fat for 3 lactations.

• The aim is to estimate R2 for 305d yield

• For R2 calculation, 305d yield is defined as sum of 

breeding values for test-days :

15  45  75 105 135 165 195 225 255 285

• Choosing test-days for every 30 days assumes 

the observations are done once a month 
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• Breeding value for DIM d, trait t , animal a

modelled as:

𝐵𝑉𝑎𝑡𝑑 =  ෍

𝑖=1

4

𝒄𝒊 𝒅 𝒖𝒂𝒊

= [𝒄𝟏 𝒅  𝒄𝟐 𝒅  𝒄𝟑 𝒅  𝒄𝟒 𝒅 ]

𝒖𝒂𝟏

𝒖𝒂𝟐

𝒖𝒂𝟑

𝒖𝒂𝟒

= 𝒄 𝒅 ′𝒖𝒂

Theory 1 trait

• 305d breeding value is 

BV305a = ෍

𝑑∈𝑑𝑖𝑚𝑠

𝒄 𝒅 ′𝒖𝒂 = 𝒄𝟑𝟎𝟓
′ 𝒖𝒂 ,

𝒄𝟑𝟎𝟓 = ෍

𝒅∈𝒅𝒊𝒎𝒔

𝒄𝟏(𝒅)
𝒄𝟐(𝒅)
𝒄𝟑(𝒅)
𝒄𝟒(𝒅)

• Variance of 305d BV

var(BV305a) = 𝑐305
′ 𝐺𝑡 𝑐305

𝐺𝑡 = var(𝒖𝒂)

Legendre + Wilmink covariates

for DIM d

Random genetic 

regression coefficients 

for animal a
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• Assume 𝒖𝒂 contains all 36 random regression 

coefficients for genetic effect ordered in trait 

order

• Then 305d BVs for 9 traits can be calculated as

𝑩𝑽𝟗 =
𝒄𝟑𝟎𝟓

′ ⋯ 𝟎
⋮ ⋱ ⋮
𝟎 ⋯ 𝒄𝟑𝟎𝟓

′

𝟑𝟓×𝟗 

𝒖𝒂 = 𝑪𝟗𝒖𝒂

Theory 9 traits

• Variance of 𝑩𝑽𝟗

𝑮𝟗 = 𝒗𝒂𝒓 𝑩𝑽𝟗 =
𝒄𝟑𝟎𝟓

′ ⋯ 𝟎
⋮ ⋱ ⋮
𝟎 ⋯ 𝒄𝟑𝟎𝟓

′
𝑮

𝒄𝟑𝟎𝟓
′ ⋯ 𝟎
⋮ ⋱ ⋮
𝟎 ⋯ 𝒄𝟑𝟎𝟓

′

′

Block diagonal matrix, row n picks 

coefficients for  nth trait
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Theory, reliability calculation

• First, prediction error covariance (PEC) is 

calculated for 𝒖𝒂 based on test-day model 

• PEC for 𝑪𝟗𝒖𝒂 is obtained as 

 𝒑𝒆𝒄(𝑪𝟗𝒖𝒂) = 𝑪𝟗𝒑𝒆𝒄 𝒖𝒂 𝑪𝟗
′

• R2 is calculated as (elementwise)

𝑅9
2 = 1 − 𝑑𝑖𝑎𝑔 𝒑𝒆𝒄(𝑪𝟗𝒖𝒂 )./𝑑𝑖𝑎𝑔(𝑮𝟗)
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Calculation example for genetic covariance matrix of 9 trait 305d breeding 
values in R
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Reliability calculation in MiX99

NOTE 

• Residual classes  are not used in reliability approximation.

• Instead, it uses residual covariance matrix given in parfile.

• One can use weighted mean of matrices for classes or just one 

Calculation has two steps

1. Run preprocessor

• Requires working clim/mix file

2. Run apax99 (apax99 < options.apx)

• Requires option file that specifies what to calculate

# AccurType

4

# MaxNonZ

303750

# StartDIM

8

# CovarInfo

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

# OrginalDIR

MiX99_DIR.DIR

# NumBVs

9

# Weights

1 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 

0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 1 

# H2calc

1 2 

# Jfilter

3
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Apax99 instruction file explained, Type of analysis

• # AccurType

4

Give type of analysis:

0 - Exact reliabilities

1 - Interbull reliabilities

2 - Misztal & Wiggans type reliabilities

3 - Jamrozik et al. type reliabilities

4 - Tier & Meyer type reliabilities

5 - Tier & Meyer improved (beta testing)

6 - Method 4 with PEV information read from file

7 - Univariate collapsed with exact relationships

10 - Interbull EDCs/reliabilities with genotype discount (sire model)

11 - Interbull EDCs/reliabilities with genotype discount (animal model)

20 - single-trait ERC from reversed reliability approximation

40 - multi-trait ERC from reversed reliability approximation

Options: i or o = input or output to file:PEV.bin

m     = maternal trait in genetics (in addition to individual effect).

r     = calculate maternal trait reliabilities.

l     = long output listing.

n     = no checking of data release

c     = no checking of pedigree loops/cycles

Gn = genomic reliabilities for ssGBLUP:

G0 = no genomic information used

G1 = I.Misztal method Approx1

G2 = I.Misztal method Approx2

p     = pedigree file name given for methods 20 and 40

Options i, o, r are not available for methods 0, 4, 5 

>> # AccurType

>> 4

4 - Tier & Meyer type reliabilities

Not considered to be good methods
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Apax99 instruction file explained, MaxNonZ, Startdim, Covariate info

# MaxNonZ

303750

# StartDIM

8

# CovarInfo

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

15 10 30

Give maximum number of non-zeros in the sparse matrix. The largest herd will determine this value.

Most often values around 500,000 will suffice.

>> # MaxNonZ

>> 303750

First DIM in the covariable file

For each trait, the 305d breeding value consists of sum of selected 10 DIMs starting from 15, by 30
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Apax99 instruction file explained, MaxNonZ, Startdim, Covariate info

• # OrginalDIR

MiX99_DIR.DIR

# NumBVs

9

# Weights

1 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 

0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 1 

• Directive file, mix99i creates MiX99_DIR.DIR automatically. It is usually ok. 

• For how many breeding values R2 is calculated. This defines how many 

weights rows will be given next.

• Trait weights for which R2 are calculated. Each column is trait in the model

• In this example R2s is calculated for 305d yields separately for each trait

• For combined indices  one might have weights like this 

(average over lact)
# NumBVs

3  # ONLY 3 R2s calculated

# Weights

1 0 0 1 0 0 1 0 0 

0 1 0 0 1 0 0 1 0 

0 0 1 0 0 1 0 0 1 
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Apax99 instruction file explained,H2 calculation

# H2calc

1 2 

• H2calc defines which random effects are 

accounted in heritability calculation for 

phenotypic variance

• Genetic and residual effects are automatically 

included

• In our example model HTD (random effect #1) 

and PE (random effect #2) are also included in H2 

calculation
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Apax99 instruction file explained, Jfilter

# Random effect number in model    1      2  3   (residual =4)

RANDOM                                         HTD  PE G 

#  EFFECT#  IN JFILTER  1     2   3 

WITHINBLOCKORDER   G    PE HTD

PE

HTD
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• Number 3 is given

• It means within block effects #1 and #2 are 

absorpted exactly (GE and PE)

• Within block effect #3 is approximately absorpted

(HTD)

# Jfilter

3
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Variance component summary 

• Variance component summary shows the variance components

for the breeding value of interest

• In this example, for sum of 10 selected test-days

• This table must be checked to see possible errors in model 

definition

Diagonal matches to Genetic var.
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Output

• Reliabilities are written to PEVani file

• Reliabilities are in order of weight matrix:
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Genomic reliabilities
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Introduction

• Approximating genomic reliabilities is, currently, 

not so simple

• There is a cookbook about how to approximation 

can be done with MiX99 

• In this presentation an overview of the required 

steps are explained for getting reliabilities for 

genotyped animals
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Steps for approximating genomic reliabilities

• There are 7 steps for getting genomic reliability 

for all animals in the pedigree

• Steps 1-3 are enough for genotyped animals

• Steps 4-6 are needed if reliabilities are calculated 

for all animals

• Steps 1-3 are explained in more detail
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Step 1. PBLUP reliabilities for all animals

• In the first step PBLUP reliabilities for all animals are calculated for desired traits

• Calculation is explained in the first part of this presentation

• PBLUP Reliabilities for genotyped animals are used in the next step
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Step 2. reverse reliability for the genotyped animals

Effective record contribution

• Effective record contribution (ERC) for genotyped 

animals are obtained using reverse reliability 

approximation

• It reverses the R2 calculation, from R2 to “count 

of observations”.

• Reverse R2 approximation takes pedigree and 

correlated traits in to account when dividing 

information between animals.

• => High R2 does not always mean high ERC

• ERC used as a weight in very simple model gives 

original R2 back!

• In step 2 PBLUP R2 for genotyped animals is 

used as input

• The output is ERC for genotyped animals

• ERC measures how much information each 

genotyped animal has in PBLUP model
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Step 2. reverse reliability for the genotyped animals, apax99

• ERC calculation can be done with apax99 

• option 20 assumes independent traits, 

• option 40 for correlated traits, 

• Both options also require pedigree

• For both methods, R2 for animals of interest are 

given as an input!

INPUT files

• Pedigree (animal sire dam)

• R2s (animal r2trait1 r2trait2 …)

• Option 40 

• Genetic covariance matrix of traits 

• Residual covariance matrix of traits

Needs to be calculated by hand, apax99 output    

gives only variances

• Option 20 

• Heritabilities for traits 

Can be obtained from Apax99 output
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Step 2. reverse reliability for the genotyped animals, 
apax99 input file

# For OPTION 40
# Reliability method (Accurtype): Reversed reliability approximation

40 p

# Filename of the EBV reliability information (id and r2s)

# Number of rows equal to the number of genotyped animals

# column 1: ID, column 2: r2 of trait 1, r2 of trait 2

ebv_r2.txt

# Pedigree file

pedigree.ped

# Number of ERC values (and r2s):

3

# G0 file (genetic variance-covariance matrix)

G0.txt

# R0 file (residual variance-covariance matrix)

R0.txt

# ERC: tolerc maxit smallest tol_newton maxit_newton (0 default)

1e-6 100 1e-10 1e-4 20

# ERC: tolr2 minit lastit belowit (0 default)

1e-7 10 0.5 10

• No need to run mix99i before apax!

• Genetic and residual covariance matrices are 

given as full dense matrices.

• Run ERC calculation

apax99 < options.slv
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Step 2. reverse reliability for the genotyped animals, 
apax99 output PEVani file

ERCs for genotyped animals R2 calculated from ERC (no pedigree accounted)

𝛼 = (1 − ℎ2)/ℎ2

𝑅2 = 𝐸𝑅𝐶/(𝐸𝑅𝐶 + 𝛼)
Model reliabilities usually are higher than this value
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Step 3 GEBV reliabilities for genotyped animals

• Idea is to use SNBLUP/GBLUP model 

• ERC from STEP2 as weight for animal

• Snp_blup_rel program is used
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Scaling R2 down when subset of markers is used

• For example case:

ℎ2 = 0.432
𝑟𝑓𝑢𝑙𝑙

2 = 1 + 0.432 𝑟𝑠𝑢𝑏
2 − 0.432

• The formula does not take the size of reduction in 

the account.

• Will produce negative reliabilities for small 𝑟𝑠𝑢𝑏
2  

values
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Running snp_blup_rel_para

10 threads, high memory

-m method : Genomic data coding method, the method after -m is

raw  : use genotype data as such.

101  : 101 coding (-1,0,1), assuming original is 012 coding.

center : center coding, i.e. PvR1 without scaling by 2*sum(p*q).

PvR1  : P. VanRaden method 1, by default uses data allele frequencies.

PvR2  : P. VanRaden method 2, by default uses data allele frequencies.

-c kval : scaling in G =ZZ'/kval matrix where kval is

2pq  : divide by 2*sum(p*q), default for PvR1

m  : divide by the number of markers, default for PvR2

m2  : divide by (number of markers)/2

dA : multiply by trace(A22)/trace(G) (need Ffile)

one  : average diagonal of G will be one (Forni et. al. GSE 2011)

no  : no scaling, default for 101 and raw

-h2    values : heritabilities (as by -straits). NOTE: lambda is calculated to be (1-h2)/h2.

-a afreq_file : afreq_file is file for allele frequencies by marker,

allele frequencies must be between 0 and 1.

Record has format: <marker number> <population allele frequencies>

Marker numbers are from 1 upwards (id column is column zero).

-s fst last jump : select markers in the genotype file:

from fst to last by jump.

Default is all markers are used. Zero means default.

-o data_file : id numbers of animals with observation (input).

If no data file is given, all individuals have data.

-wt col_num : column of weights in data_file, negative weights are zeroed.

Marker data file

and output file
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Conclusions

• 3 Steps required for approximating reliabilities for 

genotyped animals was covered.

• A bit of theory of PBLUP and GBLUP reliabilities 

were explained.

• Calculating pedigree PBLUP reliabilities is perhaps 

the most challenging part of the pipeline.

• R2 given by snp_blup_rel needs to be scaled 

down if the subset of markers is used
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Questions?
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