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Maternal influences are an important source of variation in mammalian spe-
cies. While husbandry methods for farm species have tended to minimise or
eliminate much of this source of variation in growth and development it is still
of potential importance in beef and sheep populations. To the extent that this
source of variation is genetically determined it should be taken into account in
examining the efficiency of alternative livestock selection programmes. The pre-
sence of genetically determined maternal effects complicate the prediction of
genetic gain. Some of these complications have been considered by Dickerson
(1947), Wittham (1963), Van Vieck (1970), Hanrahan and Eisen (1973, 1974) and
Eisen et al. (1973). However, there has been little consideration given to how
maternal genetic effects influence the relative efficiency of the common testing
and selection procedures in animal breeding.

General model

The model used assumes autosomal inheritance, additive gene action, no
linkage and no inbreeding. The model follows that given by Wirtiham (1963) with
phenotypic value given as P = A, + Adn+ E, where P = phenotypic deviation from
the mean, A, = additive direct genetic effect, Adn= additive maternal genetic
effect, E = environmental effect peculiar to each individual. Variation due to
maternal genetic effects is due to genetic differences between dams that are only
expressed in the phenotype of their progeny. For example, milk yield of ewes is
a maternal effect as far as the progeny phenotype for growth is concerned.
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The response to selection (R) is given by the regression of breeding value on
the selection criterion (B) times the selection differential, symbolically R = B. S
(Cochran, 1951). This fundamental definition will be used to examine the possible
magnitude of bias in computing the accuracy of progeny testing if maternal
effects are ignored when in fact they exist. The consequences of maternal genetic
effects for the relative accuracy of progeny and performance test selection will
be examined.

Maternal effects and progeny testing

The accuracy of a progeny test is defined as the correlation (r) between breed-

ing value and the mean of a progeny group (P). Usually progeny testing is only
practicable for male parents and hence only this case will be considered. It is
assumed that the progeny group consists of half-sibs from unrelated mothers.
Then, since the breeding value of an individual is A'O+ Alm(prime denotes parental
generation) the accuracy of a progeny test is computed as

r=Cov (A, + AmP)/ [Var (?) Var (A'0+ A')]'«

From the model given above for P and defining c2, c2Znand cam as the variance
of direct genetic and maternal genetic effects and their covariance, respectively,
then

c2,+ Gy, ( n ) /2
r= ®1/2 e ¥
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where t —intraclass correlation of the progeny gorup and equals 1/4 h2, in the
present case and ad= phenotypic variance. However, in assessing the accuracy
of progeny testing maternal effects are usually assumed (tacitly) absent and the
accuracy is computed as
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This expression will be examined for two distinct cases; (a) com<0, (b) cpm> O
In the first case y< 0. Then, if c2,=¢2, 1+x =2 and Q= [2(1 + y)]'/2 Under
these circumstances the accuracy of progeny testing is overestimated by more
than 40 percent. If, however, c,, > 0 then y<0 and 2(1 + y)<2 and the overesti-
mation of efficiency is reduced.

The more general consequences are best examined by computing the actual
value of Q for a range of values of c2, c2, and camn This is most conveniently done
in terms of the corresponding standardised measures hQ hmand r,, The results
are presented in Table 1 It is clear from an examination of the values in Table 1
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that substantial overestimation of the accuracy of progeny testing can occur.
The magnitude of the error declines as the correlation between direct and mater-
nal genetic effects changes from zero through positive values. When r™= 1 the
value of Q is unity unless unlikely scale effects are operating.

For the cases in Table 1 where rm is negative substantial errors can be made

TABLE 1
Values of Q for varying values of the genetic parameters
ha han Fom
—08 —05 00 —02 —05
01 01 316 200 14 12 115
02 6.56 430 173 147 124
03 283 n24 200 143 117
02 01 140 138 12 114 110
02 316 200 14 120 115
03 b8 291 13 130 1.20
03 01 119 12 115 119 113
02 16 1% 129 157 112
03 316 2100 14 12 115

in estimating the true accuracy. In fact for permissable values of the genetic
parameters it is possible that genetic change will occur in the direction opposite
to that intended unless maternal effects are taken into account.

As an example of the use of this Table genetic parameters reported by
Hanrahan and Eisen (1973) for 6-week body weights in mice will be used. The
following estimates were reported:

ha= 029, h2,= 03, r,, = —039.

The nearest values in the table would be
h2 = 0.3, h2, = 03 and ran= —05.

The tabular Q—value is 200 and the actual value for Q is 1.93.

Performance and progeny test selection

The genetic gain from selection on P is
Rd= (h2 + 1/2 harn+ 3/2 r,mhQhnm) id<p
and the corresponding genetic gain from progeny test selection may be written as

Rp= 12 (h"\ + ranK hj [n/ (1 + («—D tY'2Tpap
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The ratio Rp/Rd equals

1/21 2+ rmK K | 1 n 17i_
( PN+ 22h2n+ 32 rarh, h, ) (1+ (w—1t)

equals K | where / = ip/id and the value of K is therefore defined. Values of K

°f VatueS of the 8enetic parameters and for two different values of
n7 ' Lare 8Siven in Table 2. To use this table in assessing the impact of
maternal effects on the ration Rp/Rd some assumption must be made about the

likely value of / = i/id If ip- id the values in the table equal RR, Usual-

ly iPwill be less than id A reasonable assumption might be that if a progeny
testing facility allows a selection intensivity of 25% then a performance test

would allow a selection intensivity of 5%. In this case ™ = os. Consequently,
the values in Table 2 must be divided by two to give the appropriate ratio for

TABLE 2

Vatues ror K W ITH DIFFERENT VALUES OF hZD hZT,’I MM Ao N

h\ h2, ram
_ 05 — 0.2 00 0.2 05

N= 20
01 01 13 123 123 123 123
0.2 057 084 (oXe72 097 108
03 0.21 061 074 082 090
0.2 01 14 122 128 15 12
03 07 087 091 0A 097

n=5
01 01 157 157 157 157 157
0.2 073 107 118 124 13
03 026 0.78 oA 106 115
0.2 01 171 157 152 148 14
03 08 14 108 112 115

the rate of genetic gains. While the values in this table show the expected increase
in relative value of progeny testing as n is increased most the values of K are
close to or less than unity. When allowance is made for likely differences in selec-
tion intensity it is clear that progeny testing is likely to be very inefficient relative
to performance testing given the assumed genetic model.

Index selection

The appropriate weighting to give to individual and progeny records in
a selection index depend on whether maternal effects are present and on the
corresponding parameters. The economic weightings for maternal and direct
genetic effects must also be considered.
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It is evident that the results presented here have implications for livestock
selection programmes in situations where the young depend to a large extent on
the mother for early postnatal nutrition. In such situations the designing of a
selection programme based on genetic parameters estimated from the usual half-
sib covariances may be very inefficient. Thus, if livestock production systems
which currently employ the dam as the postnatal food source for the offspring
are to be served by efficient selection programmes, more effort should be
expended in exploring the genetic relationships between direct and maternal
genetic effects.

RESUME

Les effets maternels sont une source de variations importante chez la plupart
des mammiferes. Si cette variation a une composante genetique, les schemas de
selection supposant qu’il n’existe pas d'effets genetiques maternels peuvent ne
pas etre efficaces. On examine Zlimpact des effets maternels sur ZIexactitude
relative des examens de la progeniture. Les exactitudes relatives de la selection
des tests de la progeniture et des performances sont examinees, ainsi que les
poids appropries dans un index de selection consistant en renseignements sur
les examens de performances et de progenitude. On constate que les manques
d'efficacite dus a l'ignorance des effets genetiques maternels reels peuvent etre
tres importants.

RESUMEN

Los resultados maternales son un importante origen de variacion en la mayoria
de las especies de mamiferos. Si esta variacion tiene un componente genetico,
entonces el esquema de seleccion derivado de la suposicion de que no existan
efectos geneticos maternos puede no ser eficaz. El impacto de los resultados
maternos sobre la exactitud relativa de la prueba de la progenie es examinado
en el trabajo. La exactitud relativa a las pruebas de progenie y de seleccion son
examinadas tambien, asi como su efecto sobre el indice de seleccion obtenido
a base de ambos. La ineficiencia derivada de la ignorancia de los efectos geneticos
maternos reales puede ser muy grande.
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