Estimating variance components with
MC EM REML using MiX99

Anna-Kaisa Ylitalo

MiX99 course: test-day models and single step genomic prediction
COURSE DAY 1, April 10th, 2025

Luk%




Example, Feed efficiency data

Statistics:

Variables in data file:
« ANI = animal ID
HERD = herd ID

« Number of records: 22071
« Number of individuals with records: 791
 Number of individuals: 5586

« Number of herds: 4

For milk yield:

- 22071 observations

« HTM = herd x test month

* DIM = days in milk

« cagel = calving age linear (in years)

« cage?2 = calving age quadratic (in years”2)
* milk = milk yield

* LO = Legendre: intercept

* L1 = Legendre: linear

- Mean 27.2kg, SD 4.7, min 5.1, max 44.5
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* L2 = Legendre: quad.
* L3 = Legendre: cubic
« WO005 = exp(-0.05*DIM) (Wilmink function)
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Model

milk = cage; + cage, + fi(lc, DIM) + HTM +\f2(pe,DIM) + f3(a,DIM) + e,
|

random

where

* milk = milk yield observation

» cagel = calving age linear (in years)

« cage?2 = calving age quadratic (in years”"2)

f1(lc, DIM) = fixed lactation curve regression function (for HERD)
HTM = herd x test month

f>(pe, DIM) = random permanent environment regression function (for ANIMAL)
fz(a, DIM) = random additive genetic regression function (for ANIMAL)

e = random residual vector

Functions f3, f,, f3 consists of Legendre polynomials ¢; and Wilmink function:
* file,DIM) = Borpo(t) + B1id1(t) + Baxd2(t) + B3k P3(t) + Bare >, k=1,..,4, t = 2( DIM = DIMmin ) —1

DIMpax—DIMmin
* f2(pe,DIM) = yp;¢o(t) + y1:91(t) + v2:P2(t) + y3;e7*>*F
o f3(a,DIM) = ag;po(t) + ay;p1(t) + az;d,(t) + az;e™ 0>t
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CLIM file

Luke

RR-milk.clm

TITLE RR model for milk using Finnish FE data

DATAFILE ../data/random_regression_FEdata/data/weekly FE_FIN@62822.d
PEDFILE ../data/random_regression_FEdata/data/pedigree.FINB628

PARFILE IDENTITY

INTEGER ANT HERD HTM DIM

REAL cagel cage? milk 18& L1 L2 L3 Weas
MISSING

MODEL
milk = cagel cage? LACCRV(L® L1 L2 L3 We@5|HERD) HTM PE(L® L1 L2 Wees| ANI) G(Le L1 L2 Wees| ANI)

RAMDOM PE G

PEDIGREE G am

DATASORT BLOCK=HERD PEDIGREECODE=ANI
WITHINELOCKORDER G PE HTM
# fixed effects

PRECON b

TMPDIR tmpMiX
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Solver option file (.slv)

Specific solver options can be specified in a standard input file for MiX99s:

reml.slv
# RAM: RAM demand: H=high, M=medium, L=low
H nt 18
()ptICHWS for PCG # STOP: Maximum_number of iterations, Stopping_criterion, Criterion (A/R/D)
-5 —_— ) 1.0e-
(CD = 1o max # HE?‘;E Calculat l.a._'j 1s2 (¥/N) ‘ '
. . SID: Calculate residuals? IN}
5000 iterations) " e S
# VALID: N=no, P=prediction, S=sum of effects, ¥Y=YD, D=D¥YD, I=IDD, G=generate
M
# VAROPT: (N)o HV, (5)tart HV, (C)ontinue HV, (F)inale, {E)stimation of VC by EM
E
# STOPE maximum number of EM steps, samples/step, convergenc crit.
_ 1000 2 1.0e-9

# SEED Type of the seed used by the random number generator
R
# mix99i preprocessor
fhome/L1677/bin/
# SOLTYP: Solution files? (N)o, (Y¥)es, (A)itken, (H)alf-Chebychev
¥

Run:

Q mix99i RR-milk.clm > p.log
Lu ke mix99s < reml.slv > s.log
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Checking the output files

() OK_mix99s file appeared
(v) s.log file

s.log (end)

MiX99 SOLVE: ---DONE ---

Copyright(C) 2824 Natural Resources Institute Finland (Luke)

REML convergence (next slide)
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Random effect:

1 =PE
2=G
3 = residual

parfile
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Row and column indices of
the variance-covariance matrix

1=10 3=12
2 =11 4 = WO005
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Convergence based on REMLIog

E=stimate

Convergence of Covariance and Variance Components
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Iteration

Q REML convergence
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Output files

Solutions have converged according to CD criterion of the last iteration.

MiX9% SOLVE: End of PCG Iteration

iteration of data

REML ROUND 1&86

MiX9% SOLVE: End of MC EM REML iteration

REML convergence criterion @.1E-8 was not achieved in 1888 rounds!

Luke
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How to continue VCE (REML iterations)

reml.slv

RAM: RAM demand: H=high, M=medium, L=low
H nt 16
STOP: Maximum_number_of iterations, Stopping_criterion, Criterion (A/R/D)
Lo 1.8e-5 d f
RESID: Calculate residuals? (Y/N)
N
VALID: M=no, P=prediction, S=sum of effects, Y=YD, D=D¥YD, I=IDD, G=generate
N
VAROPT: {N)o HV, (S)tart HV, (C)ontinue HV, (F)inale, {E)stimation of VC by EM
E

# STOPE maximum number of EM steps, samples/step, conv.c crit. REML, i‘ G conv. crit. sampled data
1.8e-9

# SEED Type of the seed used by the random number generator
R
# mix99i preprocessor
fhome/L1677/bin/
SOLTYP: Solution files? (N)o, (Y)es, (A)itken, (H)alf-Chebychev
Y

We run already 1000 REML rounds,
let's continue 2000 more:

Q Put -3000 ( = 1000 + 2000)
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Convergence based on REMLIog

E=stimate
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Iteration

REML convergence criterion (8.1E-2) was achieved in rounds
and additional rounds were performed to reduce variation in variance

component estimates.
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Variance component estimates
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Example on calculating standard errors
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New CLIM file (obs! not fully visible here) New solver option file

RR-milk_SE.clm reml_SE.slv

TITLE RR model for milk using Finnish FE data RAM: RAM demand: H=high, M=medium, L=low
H nt 18

STOP: Maximum_number of iterations, Stopping_criterion, Criterion (A/R/D)
Sa8e 1.8e
RESID: Calculate residuals? (Y/N)
N
VALID: N=no, P=prediction, S=sum of effec ¥=¥D, D=D¥D, I=IDD, G=generate
N
LITEHER LU [REGD ) DI VAROPT: (N)o HV, (S)tart HV, (C)ontinue HV, (F)inale, (E)stimation of VC by EM
REAL cagel cage2 milk L@ L1 L2 L3 Wees E

DATAFILE ../data/random_regression_FEdata/data/ ly FE_FING62822.dat
PEDFILE ../data/random_reg ion_FEdata/data/pedigree.FINB62822.G24

# STOPE maximum number of EM steps, samples/step, conv.c crit. REML, PCG conv. crit. sampled data
1 58 il 9

MISSING # SEED Type ot the seed used by the random number generator
R

MODEL # mix99i preprocessor
milk = cagel cage? LACCRV(L® L1 L2 L3 WO85|HERD) HTM PE(L® L1 L2 Wee5| ANI) G(L& L1 L2 Wea5| ANI) fhome /L1677 /bin/

: Solution files? » (Y)es, (A)itken, (H)alf-Chebychev
RANDOM PE G

Run:

mix99i RR-milk_SE.clm > p_SE.log
Q mix99s < reml_SE.slv>s_SE.log
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Output files
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vceSE (standard errors)
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(Toy) example on how to fix variance parameters

Let’s fix the variances of the genomic effect

reml_pfix.slv

RAM: RAM demand: H=high, M=medium, L=low
H nt 18

STOP: Maximum_number_of iterations, Stopping_criterion, Criterion (A/R/D)
S8 1.8e-5 d f

RESID: Calculate residuals? (Y/N)
N

VALID: M=no, P=prediction, S=sum of effects, Y=YD, D=D¥YD, I=IDD, G=generate

N
VAROPT: (N)o HV, (S)tart HV, (C)ontinue HV, (F)inale, (E)stimation of VC by EM
E

Random effect

number, row and

column indices ' 4 4
STOPE maximum number of EM steps, samples/step, conv.c crit. REML, PCG conv. crit. sampled data

1868 2 1.8e-9 1.8e-4
SEED Type of the seed used by the random number generator
R
# mix99i preprocessor
fhome/L1677/bin/
# SOLTYP: Solution files? (N)o, (Y}es, (A)itken, (H)alf-Chebychev
Y
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Estimated variance components

new VC estimates (parfile) old VCE
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