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Summary

A general expression for response to selection appropriate for both random and non-random mating
situations is derived and illustrated with full-sibbing,
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1. Introduction

In the earlier paper MURALIDHARAN and JAIN (1991) described the characteriza-
tion of genotypic value for any breeding population in terms of transmittable and
residual genetic values and the break-up of genetic variance into redefined
components. This paper develops the general theory for predicting response to
selection utilising these concepts.

2. Theory

Consider an arbitrary “foundation” population Pj; A, A, +2P,, A, A,+ P,, A, A,,
with values of three genotypes as a, d and — a and gene frequencies of A, and 4,
as p and q respectively. Denoting (P, P,, — P%,)/pq by 4, the index measuring the
deviation of actual from the Hardy-Weinberg equilibrium genotypic frequencies,
the genotypic array of the foundation population becomes (p?+ Apq) A, 4, +
2pq(1—2) Ay Ay +(q* + Apq) A, 4,.

Let selection be made in the foundation population with phenotypic selection
differential S. The immediate effect of selection is that it causes a change in gene
frequency (4p), which is proportional to the average excess of A, allele
substitution, eg;, (FALCONER, 1985):

AP=Pqe(A)S/aI2> 1

where o2 is the phenotypic variance of the quantitative character.
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By specifying the mating system by the coefficient, § of deviation from random
mating as proposed by JACQUARD (1975) the progeny mean of the select®d
parents, m, is

my=(p—q)a+2pq(1—0)d+2[a+(1—5)(q—p)d]4p
obtained by replacing p and g by p+ 4p and q—Ap in Eq. (2) of the earlier
paper (MURALIDHARAN and JAIN, 1991). The contribution of terms involving

(4p)* is assumed negligible. Also note that the progeny mean in the absence of
selection is

mi=(p—gq)a+2pq(1-d)d.
The response to selection, R is then m, —m*:
R=2[a+(1-J)(q—p)d] Ap.

Expressing
a+( )(@—p) a+1 5(q p)d [+( ) (a—p)

1+0
_1+5+5[1+5](q p)d4p

we write, response to selection, after substituting for Ap from (1) as

2pqgegy e S 1-6
R= —p)dA
(1+96)a2 +20 146 (g—p)ddp

where e, =(1+6) a+(1—5) (g —p)d is the “expected average excess” of A, allele
substitution.

Since from Eq. (9) of MURALIDHARAN and JAIN (1991), the regression of off-
spring on parent is

COV(O, P) =pqea) e(a) — o-t2 + O-tu

oF o oF

bop =

we get

2 1-6
R=—— - - _
155 bopS+26 |:1+5](q p)dAp

Only the term involving “b,p” is predictable in this equation. The contribution of
the other term is expected to be negligible as it involves quantities of small
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magnitude and furthermore, d, on summing over all loci may also be ngligible.
us for all practical purposes, we write response to selection as
R=-2 bop§ &)
146 ©°F
When the matings are at random (i.e. 6 =0), for an equilibrium population, the
expression for response to selection reduces to the well known expression

R=2bypS=2(3)h2S=h2S

where h? is the coefficient of heritability.

We note that b,p in Eq. (2) is the ratio of the redefined components of variance
(62 +6,,) to a3, that is the regression of transmittable genetic values on pheno-
typic values. Hence it may be referred to as the “transmittability coefficient”. For
a random mating population, transmittability coefficient reduces to half the
heritability coefficient.

The response to selection will not be constant from generation to generation in
a non-random mating population. Since the response depends on transmittability
coefficient and the coefficient of deviation from random mating, the response in
later generations can be predicted by determining these quantities in each
generation.

3. Response in Successive Generations

We specify the non-random matings in the foundation population by J, and the
matings in the successive generations by d,, J,, etc. The transmittability
coefficient corresponding to the matings in the (¢t — 1)th generation is denoted by
b, ., . Further, for simplicity we denote ¢, for e, t =0, 1, 2, etc. and e,/(1+6,)

by a.
The response to selection in generation ¢ is then
R, = 2 b S 3)
(:)—1+5t_1 tt—1

For predicting Ry, the value of b, ,_, has to be known which can be obtained
from its value in the preceding generation by the following approximate relation-
ship. Considering

1_5t=1_5t—1_(6t—6t—1)= 1_5t—1_(5t_5t—1)

1+ 5: 1+ 5!‘—1 + (5t - 5t—1) (1 + 51-—1) [1 + (5t - 51—1)/(1 + 5t—1)]

we can write

—Ui-1
——(g—pd=o,_
1+5t_1 (g—p) Ot —1)

0((,) a
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assuming of course that the contribution of terms involving (5, —&,_,)/(1+ Oi—1)
and d is negligible. Hence ¢, can be approximated as ~

ey =(1+9,) opy=[(1+6,)/(1+6,_1)] €i-1)

Hence,

bi-1 _Pgee-1y€u-2 _€e-1y 140,
b,_1,:-2 DPges-2 €4-3 €u-3 1+6,_;

or
,,,_1=%§:;bt_l,,_2, t>2 (4a)
and
b2,1=1—1-:_—i° byo (4b)

which is the required recurrence relation between the transmittability coefficients.
This can be used in predicting response to selection in successive generations.

An alternative form of expression (3) for response to selection obtained by
using (4) recursively is

_2(1+6,_,)
O (1+80) (1+ )

This form is suitable for predicting response to selection in generation ¢, directly
from the initial values of the parameters.

bi oS, t=2 ®)

4. Tllustration

Consider a selection experiment for abdominal bristle number in Drosophila
melanogaster in which the matings are restricted between full-sibs. The parents
are selected from a random mating population for higher bristle numbers with
selection differential S = 5.3 bristles. To predict the response to this selection in
successive generations, we first need to know the appropriate value of by o. When
there is no dominance, epistasis and environmental effect, the correlation between
offspring and parent is

r1,0=2f1,0/[A+£1) A +f,)]"% where f; ,=3/8

is the coefficient of kinship between offspring and parent; and f, = 1/4 and f, =0
are the coefficients of consanguinity of the offspring and the parent respectively
so that ry o =0.6708. Also covariance between offspring and parent, C, , is

Cio=r1,0[(1+f)) 1 +£,)]1?62=0.7502
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where o2 is the additive genetic variance defined for the random mating
Yopulation. Hence b, o can be approximated as

b1,o=C1,o/U§=(-75)h2 ,
where h? is the heritability in the initial random mating population. For h* =0.5
the predicted response to selection in successive generations of full-sibbing are as
in Table 1.

Table 1

Response to selection in successive genera-
tions of full-sibbing

Generation(t) ,- Expected response

1 1/4 318
2 38 437
3 8/16 477
4 19/32 507
5 43/64  5.32

The predicted response under full-sibbing is higher than the corresponding
value of 2.65 obtained under random mating. Further the response increases
from generation to generation. This is expected as the regression of offspring on
parent increases with inbreeding.
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