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Theoretical Weights for Regression of a Son’s Genetic
Evaluation on His Sire’s and His Dam’s Genetic Evaluations

ABSTRACT

Theoretical weights for prediction of a
son’s genetic evaluation from genetic
evaluations of his sire and dam are de-
rived. Weights for sire and dam are equal
and depend on number of daughters of
the son when the bull evaluation is from
his daughters alone and cow evaluation is
from her records alone. Mixed model pro-
cedures which incorporate records of
other relatives change theoretical weights.
When records of daughters of both the
son and his sire are used in evaluations of
both, theoretical weights for the sire to
predict the son’s evaluation are about .50
for many combinations of daughter num-
bers of the bulls. Including the evaluation
of the sire of the cow in her evaluation
changes the theoretical weight to predict
the son’s evaluation from the dam’s eval-
uation only slightly from the situation
when only the dam’s records are used. In
addition, the theoretical weight for the
maternal grandsire is nearly zero.

DISCUSSION

The purpose of this note is to show theore-
tical weights for predicting a son’s evaluation
from those of his parents. Theoretical weights
for the sire’s genetic evaluation and dam’s
genetic evaluation for predicting a progeny are
both .5, but when they are used to predict the
progeny’s evaluation, unless the number of
records in the progeny’s evaluation is ex-
tremely large, the weights are usually less than
.5 but may be equal. For example, theoretical
weights are equal when records in evaluating
the sire are only from his daughters and in
evaluating the dam are only from her records.
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The Northeast Artificial Insemination Sire
Comparison (NEAISC), however, uses records
of daughters of a sire and daughters of his son
to evaluate both the sire and son. The use of
the maternal grandsire model (7) complicates
the theoretical regression but will not be con-
sidered here because sire evaluation in pedigree
analyses previously have not considered the
maternal grandsire model (1, 2, 4, 5,6, 8).

Let yg be the sum of ng records of

daughters of a bull,

yg be the sum of ng records of
daughters of his sire,

yg be the sum of ng records of
daughters of his maternal
grandsire, and

yp be the sum of m records of
his dam.

Heritability, h?, and repeatability, r, will be .25
and .50 so that the ratio (4—h?)/h? = 15 and
the ratio (1—r)/r = 1. Phenotypic variance will
be denoted as 0>. All evaluations will be for
transmitting ability (one-half additive genetic
value) unless otherwise specified. Adjustment
for all fixed effects, e.g., herd-year-season ef-
fects, will be assumed to be perfect.
Variances and covariances of the sums are:

V(y;) = nj(n; + 15)0°/16 (j=B,S, or G)
V(yp) = m(m + 1)g%/2
Cov(ygys) = ngngh®0?/8 = ngngo/32,
Cov(ypYp) = ngmh? 0% /4 = ngma? /16,
COV(yByG) = DBn(;h2 o116 = anG02/64,
Cov(ypyg) = mn(;h2 0%/4 = mn602/16.

Equal Weighting of
Sire’s and Dam’s Evaluations

Evaluation of the sire from single records of
his own daughters is approximately

3g = ys/(ng + 15).
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TECHNICAL NOTE

Similarly for the son
3p =yp/(np + 15),
and for the dam from her own records (ETA)

3p = yp/[4(m + 1)].

2
[V(g's) = [1/(ng + 15)]2V(yS;J= [Hsnf—ls] [;7_6]

and
Cov(3s3) =

[1/(ng + 15)] [1/(ng + 15)) Cov(ysyg)
np

[l

ng
bsg.55 = 3| np + 15

as is well known. Similarly,

1 1 72
Vep) = [5llm w7l Vo)
m ()'2
(][]
~ m npg o°
covsono~ 2 2[4

Sp3p = ng+ 15

Thus

Thus,

bg .3

as for bgy.3q and as is also well known. These
equal weights for sire and dam approach .5 as
the number of daughters of the son becomes
larger. When other information is used to eval-
uate the sire, son, and dam, the weights may

not be equal nor a simple function of ng.

Unequal Weights for Sire and Dam When
Relationship Between Sire’s and
Son'’s Daughters are Considered

Regression of Son’s Sire Comparison (SC) on
Sire’s SC. The example will include only one
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son per sire, both of which are assumed unre-
lated to all other bulls. The 0 will be set equal
to 1 since in the regression coefficients it will
cancel out. The variance ratio is 15.

The numerator relationship matrix is

1 .5 20
and 15A7! =
—10 20

—10
S501

Then the mixed model equations for the sire
comparisons, §g and 8, are:

[ng +20 —10 S ys
_—10 ng + 20 §B Y¥B
Thus
E [ +20 10 vs
| ’
LSB 10 ng + 20 YB

where d = (ng + 20)(ng + 20) — 100 for con-
venience. Then

i = [(np + 20)ys + 10yl /d,

I

$p = [10yg + (ng + 20)ygl/d,

1

V(s) = (1/d)* [(ng + 20)*ng(ng + 15) +
100ng(ng + 15) + 10(np + 20)ngngl/16

and
Cov(8gSg)
= (1/d)? {[20] [(ng + 20)ng(ng + 15)
+ (ng + 20)ng(np + 15)]
+ [ngng] [(ng + 20)(np + 20) + 100] }/32.
Thus the regression of §g on §g is
bgg-ig
[10] [(ng + 20)ng(ng + 15)
+ (ng + 20)ng(ng + 15) +
[2ngng] [(ng + 20)(np + 20) + 100]

(ng + 20)*ng(ng + 15)
+100ng(ng + 15) + 10(ng + 20)ngnp

For many combinations of ng and ng, the
weight is about .5 but can be larger, as shown
in Table 1.
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TABLE 1. Coefficients for regression of son’s sire
comparison on his sire’s sire comparison.

No. of daughters

Bull Sire bQB S
40 40 615
40 1000 .505
60 1000 .505

1000 1000 .507

Regression of Son’s SC on Dam’s Estimated
Transmitting  Ability (ETA) From Ouwn
Records. 1f the dam’s ETA is based on only m
of her records, the ETA is

Sp =bpyp
as before, where
bp = 1/[4(m + 1)].
Note
V(Sp) = bpm/8,
Cov(yp,ys) = 0 and
Cov(yp,yg) = ngm/16.
Then

COV(gD ,gB)

10yg + (ng + 20
=Cov[bDyD, yS ds )YB]

= (ng + 20)ngm/16] [bp/d]

and

bgp.sp = -5[np(ng +20)/d].

The theoretical weight depends primarily on
the number of records by daughters of the bull
as shown in Table 2.

Regression of Som’s SC on Dam’s ETA
(With Maternal Grandsire SC Included). The
Northeast cow ETA procedure uses the
NEAISC of her sire as part of the information
to evaluate the cow (3). The purpose of the fol-
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TABLE 2. Coefficients for regression of son’s sire
comparison, §g, on his dam’s estimated transmitting
ability, 8p.

No. of No. of

daughters daughters

of bull of his sire bp«dp
40 40 343
40 1000 .334
60 1000 375

100 1000 417
1000 1000 490

lowing exercise was to determine if that infor-
mation changes the theoretical regression of a
son’s NEAISC on his dam’s ETA, which in-
cludes the maternal grandsire (MGS) NEAISC.
The result of this simplified approximation
indicates that the theoretical regression is
approximately the same as if the NEAISC of
the cow’s sire were not included.

The approximation in the ETA program in-
volves including the genetic value of the sire of
the cow in the solution vector with the diagonal
coefficient and right-hand side corresponding to
what the selection index equations would have
been to obtain twice the NEAISC (records are
assumed perfectly adjusted for their herd-year
seasons). The ETA program actually predicts
additive genetic value or 2ETA which is then
divided by 2 to obtain ETA.

If the cow had no other paternal sibs in the
herd and if her dam has no records, the pair of
equations involving the cow and her sire are
(ignoring herd-year-season effects) (3):

[4t/3 + n(1 — 1)/(4 — h)] g
— [t/318p = 28gt[4 + (n — 1)h?] /(4 — h?)

[—t/318g + [4t/3 + mk/(m + k)] §p
= kyp/(m + k),

where n = ng is the number of other daughters
of G to give equivalent accuracy for $g as ob-
tained from the NEAISC, m is the number of
records of the cow, and the coefficients 4/3 and
—1/3 are from the inverse of the relationship
matrix. When t = (1-r)/h? = 2.4 for r = .4 and
h? = 25,k = (1—r)/(r—h2) = 4 3s used in the
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TABLE 3. Coefficients for regression of son’s sire comparison on dam’s estimated transmitting ability (incor-
porating her sire’s proof) and on dam’s ETA and her sire’s proof.

Weights

Dam
no. of No. of daughters Bull Bull on
records Bull Sire MGS3 on dam Dam and MGS2
1 40 40 40 343 322 022
1 40 1000 1000 334 323 009
1 60 1000 1000 375 375 .000
1 1000 1000 1000 .490 490 .000
3 40 40 40 319 .306 .018
3 40 1000 1000 314 292 025
3 60 1000 1000 .353 334 .021
3 1000 1000 1000 461 436 .027

*Maternal grandsire.
ETA program. An approximation for yg is ACKNOWLEDGMENTS

(n + 15)8g. The equations can be rewritten as

(3.2 +.16n)gg — 1.6gp = .32yg

—1.68G + [3.2 + 4m/(m + 4)] gp
= 4yD/(m + 4).

From these equations V(8p) = V(gp)/4,
COV(§D SB)’ COV(§D,§G), V(gG), and COV(@G ,EB)
can be approximated to approximate the theo-
retical regression of 3 on §p and the multiple
regression of 3g on Sp and Sg for various num-
bers of records on the dam and of daughters of
the bull, his sire, and maternal grandsire. A
representative set of theoretical weights are in
Table 3.

Including the maternal grandsire evaluation
in the dam’s ETA changes the theoretical
regression of son on dam little as seen from
comparison of Tables 2 and 3. Table 3 also
shows when the MGS is included in the dam’s
ETA that the weight for the MGS to predict her
son is nearly zero. The surprising result is that
the weights for the dam ETA become slightly
smaller for more records on the dam, essentially
because with more records on the dam the
variance of the dam’s ETA increases more than
the covariance between the dam’s ETA and her
son’s evaluation when her sire’s evaluation is
included in her evaluation.

This research was supported in part by a
grant from Eastern Artificial Insemination
Cooperative, Inc., Ithaca, NY.
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