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On the Expected Response to Combined Selection
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HE EXPRESSION of the amount of Zenetic progress gained by

combined seleciion is derived by a simple method different
from the “path cocfiicient”, The method introduec d depends on
estimating the herilability of Comibined seleetion vren the fact thay
the aceyracy of - sessing the breeding  wvelie of en individua]
using twa uncorreisted pieces of information is equal to the sum
of the (wo accuracies of this assessment arrived at using each of
these 2 pieces separately,

The Devivation

Combined selection i8 & kind of individual selection in which the breeder uses,

for estimating the breeding value of the individual, the mean performance (P)
of the family to which i contributes beside the deviation of the individuai’s

own performance (P)) from P,

In idiscussing the method to derive the expected genetic response 1o comie
bined selection, Lush (1947) in his eriginal paper used the path coeflicient ag
the tool. Tantawy (1968) described the derivation by this method in some
detail. I this work, 4 simpler method ig presented that does not require the
application of the “paty cocfficient ™,

The performance of any individual in the following discussion will be
assumed to be already taken as a deviation from the population mwean.
Thus we say

E(P,-)‘d:gi,.....-..__........... ..... o)

where E denotes expectation and a; is the phenotypic variance. We shall

further assume that the mean of the breeding values in the popuiation isequal-
to zero and thys

E(Af)'——-cri e 2y
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whare A is the breeding valuz of the individual i and as is the additive
genetic variance.  Sincz no covariance is supposezd to exist between the breed -
ing value A; of the individual and the daviation of A; from P;, we can write
the expected covariance bstwezn A; and P; as

E(AP)=0a .. .00 S (3)

A family is d=fingd as * a group of individuals bzaring a certain getic -
relationship ( rg ) to each other by virtue of common descent’ Lerner (195 8).
Using the two members i and j of a family it could be stated that

E (A-A) = rgcg ...................... 4)
and

E(AB)=1,00 +:cviaunns R TR )
Further, we assume that

Ei{PioB) & T dl oo vomoevnnmmmw s o b S 5 (6)
; where 1, is the phenotypic correlation bstween mzmbers of a family.

Now, suppose we wish to estimate the breeding valus of any individual

i using only the mean performance P of the family of n mambars to which he
contributes. We need to assess both the regression coefficient to be used on

P and the accuracy of the estimate, i.e., the squared correlation coefficient.
The expected covariance between these two traits could be determined as
follows :

E(A,-f’)=E(Ai
:-E(Ai-%)-i—E(Ai« r-‘?PJ)

= B D) RERRES g

p (using relations 3 and 5).

PP AP +Pn)
n

The variance of P is expected to- be :

— P P, P_\2
E(ppp = Bt t o & )

'\ n

- = (n.E () + n(nml)E(Pij)
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i

.=%fn£(l+(n—l);“) (g)

(Using relaticns 1 and 6).  Thus the regression coefficient to be used on the
mean performance of the family be equal to (7) / (&), or

14 (a—1) r,
I4+m—1) ¢,
h? being the individual heritability and hi the family heritability. The

accuracy of course is egval to this value of b multiplied by the regression

coeflicient of P over A, or

b =h*

S ]
i hr L)

1 n— s
razhf————_+( Dre L. (9)
n
Now let vs-esiiniate the breeding value A; of the individual i using only
the deviation of his own performance P, from the mean performarnce of the fa-
mily of n members to which he contributes. The covariance between these
two characters is expected to be

E(A-(P—P))=E@A -P) —E (A - P)

2

= o == (I + (n=1)1)

I

= T G=) (=1) -« (10

(using relations 3 and 7). The expected variance of the value nsed for estima-
tion, ie., P;-P, will.be .
E (P, — P)* = E(P) 4 E (B (P)*— 28 (P, - p)-

We need now to get the estimate of the covariance belween Pyand P, we have:

E (P - ) = E.(Pi X PPy ... I-IFPEA-{-.._._-_|-p“)
! - n—1
=7 E@®F +"—~E(P.P)
o i
= =l + =Dy (11)
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That is to say that. the variance of the observed mean of the family is
-equal to the covariance beiween the performance of any randomly chosen
individual contributing to the meun and that mean. This is a very usefui
identity that has very wide applications in the ficld of animal breeding.
Now, using reiations 2, 8 and 11 to solve for the required variance we get.

E@—5) = 6}—=* (I + (n—1)1,)

=S —D)(—1) .. ... (2)

The regressiop coefficient o be applied to the daviation P, -P will then
be equal to
) B

b=h—=nh,,

1 i

; where h ?is the heritabiity within families. The accuracy w.tl then be equat
to

oy B ) e e e s e (B

n

Now. if these two picces of information, namely P and Pi-P. are not coi-
related, the accuracy of estimating the breeding value of i using them together
will be the sum ol the two accuracies arrived at using each piece separately.
This is comparable to the case in which the breeder evaluates the additive
genetic merit of an individual using the performances of his two uncorrelated
parents, Since E(Pi.P) = E(P)? as shown above, the covariance between
the two bits of mfol‘mdtluﬂ used in combined Sdz:(,lion is equal to zero.
Thus the accuracy 1%, of estimating the breeding values of individuals using
combined selection will be
b e UE@=DE R o (n—1) (1—r

W sl kg T & a(l—r)

fr, —r.)° n— 1
= (142 =
L 1l —r, 1 +n—1)r,
This is the leritability of combined selection. The amount of genetic progress
( Aa.) obtained will then oe

6g=1 06,1, or
(re —
=1 ¢.h® Vi e T
i s T i Rem
A being the intensity of selection.

r‘JE n—I1
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