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The variances which appear in the first three terms of (3) are
obtained directly from the pooling procedure described above. The last
three terms require the use of additional covariances. The three corres-

ponding covariances may be expressed in the usual matrix notation for
linear combinations of random variables

Cov(EXX,EXy) — S «

Cov(E ,E ) =4 ¢e" c*
Xy

Cov(EXX,Eyy) =4 g" C**

c** are the respective
of the corresponding E
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APPLICATION

The above method has been applied to data collected in a pig se-
lection experiment (OLLIVIER, 1977). X is a set of two traits measured on the
live boar, namely growth rate between 30 and 80 kg liveweight (X«) and backfat
thickness at 80 kg (Xg)- Y is a set of 14 variables measured on Temale and
castrated male progeny, which includes growth rate between 30 and 100 kg live-
weight and several carcass measurements at a slaughter weight of 100kg. As
the design is not strictly balanced, the usual approximations have been made
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in the equationsd)(2) and (@) The details of the methods used to estimate the
various genetic variances and covariances are given elsewhere (OLLIVIER, 1982)
and the nunbers of individuals are indicated in table 1.

A further complication in this example is introduced by the effects
of a rather intense boar selection. This selection is based on an individual
index, linear in and X2 - Knowing the reduction in the X phenotypic variances
and covariances, the various O and S estimates can be corrected for the se-
lection bias (OLLIVIER and DERRIEN, .1981). However, the parameters entering
equations (1) and () should be the true variances and covariances in the
selected sample used. Accordingly, at each step of the iteration process, the
parameter values to be used in those equations are derived from the pooled
estimate obtained iIn the preceeding step, which is the true value in the unse-
lected population, by applying the appropriate correcting effect due to the
known boar selection. Incidentally, this correction requires a genetic para-
meter not considered above, the genetic covariance between X. and X_, which
can be estimated by the same method as the one given above Tor X, with 3
estimators available (see OLLIVIER, 1982).

The 28 genetic correlations obtained, with their approximate
sampling errors, are given in table 2. The genetic correlation between X. and
Yi, close to 1, may be taken as an indication that growth rate measured before
80 kg in the boar is a good selection criterion for improving growth rate up
to a later weight and on different sexes. The same may be said for back fat
thickness (X2) as a predictor gf the weight of the back- fat joint measured post
mortem (Y9) . Any genotype X sex or genotype X test period interaction would
tend to reduce those correlations. It may thus be concluded that this sample
fails to suggest such interactions.

DISCUSSION and CONCLUSIONS

The method which has been outlined in this paper can be of general
utility in various areas where the knowledge of genetic correlations (or of
genetic covariances) is needed, especially in the assessment of the value of
indirect selection criteria and in the study of genotype X environment inter-
actions. In the latter case, to the design described here it can be added a
symmetric one, by permutation of X and Y. Two genetic correlations would then
be obtained and they could easily be pooled iIf the sires used were unrelated.

Several approximations are however implicit in the method/ apart
from the obvious one used to derive equation (3). Multinormality of distri-
butions has to be assumed for all variables — equations (1) (2) and (4)- and also
independence between the s sires used. In the application given, which covers
ten generations of a selection experiment, this requirement is not fulfilled
and the sampling variances of table 2 are thus to be considered as underesti-
mates (another reason being the unbalanced design). It has also been assumed
that all estimated genetic variances and covariances are free of any envi-
ronmental, or maternal effects. This is the reason why the full-sib relation-
ship had to be excluded, and this has resulted, in the example given, in a
not optimal use of the available data.
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TABLE 2

Genetic correlations between boar performance-test
traits X and progeny-test traits Y.

Boar variable

X1 X2
: Progeny variable growth rate backfat thi ckness
(30-80kg) (80 ko)

“‘Average daily gain (30-

s100kg) 1.12+0.24 -0.05+0.14
ZCarcass weight Jj 0.03+0.21 0.09+0.14
JHead weight -0.20+0.19 -0.59+0.12
‘Ham weight va -0.12+0.19 -0.63+0.12
|Loin weight Y5 -0.40+0.17 -0.93+0.11
“‘Belly weight e 0.45+0.21 0.46+0.14
“‘Shoulder weight y:_) -0.37+0.19 -0.57+0.13
“Feet weight s -0.40+0.20 -0.25+0.14
‘Back fat weight S 0.27+0.16 0.85+0.09
JLeaF fat weight -0.92+0.16 0.54+0.10
“‘Carcass length > -0.12+0.23 -0.30+0.16
“‘Fat depth at rump Y}:L) 0.12+0.17 0.83+0.09
“Fat depth at back Y13 0.09+0.16 0.75+0.99
JFat depth at shoulder ¥14 -0.05+0.16 0 .66+0.11

SUMMARY

The effectiveness of selection based on a performance-test rests on the reliabili-
ty of genetic correlation(s) estimated between character(s) X measured on the live
animal and character(s) Y measured on the progeny. When X and Y cannot be measured on
the same individual, for a given sample of sires on which X is measured, two progeny
samples may be available, one on which X is also measured and the other (from different
dams) on which Y is measured. Such a layout yields two estimators for the genetic va-
riance of X, two estimators for the genetic covariance between X and Y and one estima-
tor of the genetic variance of Y, using parent-offspring and half-sib covariances.

From the variances and covariances of these estimators, pooled estimates of genetic
variances and covariances may be obtained, as well as an approximate variance of the
genetic correlation estimator. The method was applied to two balanced two-way hierar-
chical designs for X and Y. Data included 84 boars selected for growth rate between

30 and 80 kg liveweight CJ> and for backfat thichness at 80kg (Xp), 798 entire male
progeny also measured for Xj and Xg, and 2372 castrated male and female progeny evalua-
ted for a set of 14 Y variables. The genetic correlations obtained suggest a lack of
genotype x sex or genotype x test period interactions for growth and fatness traits.

RESUME

L*efficacits d"une selection basee sur I"epreuve individuelle depend de la fiabi-
liti des correlations genetiques estimees entre le(s) caractere(s) X mesure(s) sur
I"animal vivant et le(s) caractere(s) Y mesure(s) sur sa descendance. Lorsque X et Y rx
sont pas mesurables sur le meme individu, on peut disposer, pour un echantillon de pere
sur lesquels X est mesur6, d"un premier echantillon de descendants sur tesguels X est
6galement mesuré et d"un deuxieme echantillon de descendants (de meres differentes) sui
lesquels Y est mesuré6 . Ce dispositif produit deux estimateurs de la variance genetique
de X, deux estimateurs de la covariance entre X et Y et un estimateur de la variance
gEnftique de Y, sur la base de covariances parent-descendant et entre demi-freres. A
partir des covahiances entre ces cing estimateurs, il est possible d"obtenir des esti-
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mations poncterees des variances-covariances genetiques ainsi que la variance approchee
de L estimateur de correlation genetique. La methode a ete appliquee, en supposant deux
dispositifs hierarchiques pere-mere-individus equilibres et distincts pour X et pour Y,
4 un echantillon de 84 verrats mesures et selectionnes pour la vitesse de croissance

de 30 & 80 kg (X)) et I"epaisseur de lard a 80 kg (Xg), de 798 descendants (males
entiers) mesures pour les memes caracteres et de 2372 descendants (males castr6s et
femelles) mesures pour un ensemble de 14 variables Y au poids vi T final de 100 kg. Les
correlations genetiques obtenues tendent a indiquer I"absence d"interactions genotype
X sexe ou genotype x periode de controle pour les caracteres de croissance et d"adipo-
si te.
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