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General Background

The log-likelihood of the complete data (Elzo, 1994) is:

where

The information matrix of the multibreed REML estimates of covariance components computed using a
generalized expectation-maximization algorithm (heretofore MREMLEM covariance estimates) is equal
to (Louis, 1982):

where

, and

.

Explicit equations of the two terms of the information matrix for MREMLEM covariance estimates will
now be derived using additive genetic effects (ua).   Because of the form of the MREMLEM covariance
component equations (e.g., equation [12], Appendix, Elzo, 1994), residual effects (v) may contribute to
additive and(or) nonadditive genetic covariance terms depending on the genetic model used (e.g., sire-
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maternal grandsire model).

Derivation of the Variance of MREMLEM Estimates of Additive Genetic Covariances

Derivation of 

The first derivative of  with respect to  is equal to:

The second derivative of  with respect to  is equal to:

The expectation of the second derivative of  with respect to  is equal to:
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where

.

Thus,

Derivation of 

where

,

and

.

Let
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,

,

, and

.

Thus,

The first term of  is equal to:
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The second term of  is equal to:

Similarly, the third term of  is equal to:

The fourth term of  is equal to:
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Note:
1. The distribution of u given the data and the REML covariance estimates at convergence is:

2. The expectation of the product of the two bilinear forms in the equation above, using a simplified
notation, is:

where
i] by equation 58, page 66, Searle (1971),

ii] by equation 40, page 55, Searle (1971),

and, 

Thus,
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Equations for the Variance of MREMLEM Estimates of Additive Genetic Covariances

where ,

and

where

,

,

, and

.

Similar sets of formulas can be derived for nonadditive genetic and for residual effects.
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Equations for the Variance of MREMLEM Estimates of Nonadditive Genetic Covariances

where ,

and

where

,

,

, and

.
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Equations for the Variance of MREMLEM Estimates of Residual Covariances

where ,

and

where

,

,

, and

,

and

.
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Thus, the information matrix of the MREMLEM covariance estimates is equal to:

where all terms are as defined above.

Covariance Matrix of MREMLEM Covariance Estimates

Standard Error of MREMLEM Covariance Estimates

Square roots of the diagonal elements of the covariance matrix of MREMLEM covariance estimates
yield standard errors.
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