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Figure 1. Linear regression fitting on the points
with normal distribution
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1- Unbiasedness
2- Best unbiasedness
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1- Minimal sufficient statistics
2- Lack of uniqueness
3- Maximum likelihood
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Table 2. Estimation of replication, genotype and residual with ANOVA, ML and REML estimators in two
characteristics of wheat
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Appendix

data exam;

input REP Gen KWS GY;
cards;

1 1 4,5 1808.33
2 1 . 1786.84
3 1 5 2405

1 2 7.1 3792.5
2 2 6.3 4684.21
3 2 5.1 1847.5
1 3 5.1 1991.94
2 3 6.1 2405.26
3 3 6.7 32375

more data lines....

proc iml;

i Sl Cuie sla S5s lls 55 2 REML
ML U;J) B Jw.l':bda &WJJ JL’SU&- 6(.....0).:45
Sy ol Jde Bolas S s plea s Slas
b S sS laesls 53 ba il a5l JS S5k 4 Ll

REML L)LJ-) DL ‘_;_9 &;a.w‘ G‘N &_»J“)‘ lJ ML U:j)

start reml(x,y,rand,init,variance,nr,n,cov,z1,z2,z3,model,neg);

if nrow(neg)=0 then neg=j(nr,1,0);
doi=1tonr,

if init[i,]<O||neg[i,]=1 then do;
init[i,]=0;

neg[i,]=1;

end;

end;

V=z1*init[1]*z1 +z2*init[2]*z2 +z3*init[3]*23";
vi=inv(V);
PY=vi*(y-x*sweep(X *Vi*X)*x *vi*y);
if model=1 then p=vi;

else p=vi-vi*x*sweep(X *Vi*X)*x *vi;
info=j(nr,nr,0);

ss=j(nr,1,0);

14
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doi=1tonr;
Zi=design(rand[1:n,i]);

do j=1tonr;
Zj=design(rand[1:n,j]);
info[i,j]=trace(P*Zi*Zi *P*Zj*zj");
info[j,i]=info[i,j];

end;

ss[i]=(PY *zi*zi *PY);

end;

doi=1to nr;

if neg[i]=1 then do;
info[i,]=j(1,nr,0);
info[,i]=j(nr,1,0);

ss[i]=0;

end;

end;

cov=sweep(info);
variance=cov*ss;

finish reml;

store module=(reml);

use exam;

read all;

READ ALL VAR {GY} INTOYy;
READ ALL VAR {Rep} INTO Rep;
READ ALL VAR {GEN} INTO GEN;
n=nrow(y);

x=j(n,1,1);

e=(1:n)’;

z1=design(rep);

z2=design(gen);

z3=i(n);

rand=(rep||gen|le);

nr=ncol(rand);

init={1.5,.1,.5};

do iter=1 to 20;

call reml(x,y,rand,init,variance,nr,n,cov,z1,z2,z3,2,neq)
init=variance;

end;

covariace=cov*2;

print variance,covariace;

run;

SalS #3ol 53 bty slaadl e sla S3,50 5 3 2,8
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quit;

proc mixed data=exam method=REML asycov;/*REML can be changed to typel-3 or ML*/
class rep Gen;

model gy=;

random rep gen;

run;
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Abstract

To conduct any breeding program, understanding of the genetic structure of traits and effect of
environment and genetic by environment interaction as well as effects of random or fixed in the analysis
of results is essential. Subsequently, analysis of variances and variance components are important in
plant and animal breeding. The ANOVA is one of the best estimators for variance components. But this
estimator is not preferred to maximum likelihood (ML) and Restricted Maximum Likelihood (REML)
methods when variance components are negatively estimated and unbalanced datasets arise. Therefore,
the objective of this research is a review of comparison of estimates of variance components using
ANOVA, ML and REML method in linear mixed models using experimental data.
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