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ON THE VALIDITY OF THE THEORY OF GENE-

TIC GORRELATION IN THE FOWL SELECTION

EXPERIMENTS WITH TWO STRAINS OF
FAYOUMI CHIC K ENS

By
M. A. Er-Hossawri,

Individual selection waa carvied out for seven genorations to increate-
body weight at eight weoks nf age in a strain of Fayoumi chicken, and

family selection was practiced for five genorations to ineresss egg

numberin another strain. An unselected population was used for genetic-
analysia and to estimate direct end correlation yesponses to selection

more aceurately, The gemetic correlations were cstimrted from the

solacted and unselected popalations in order to test the validity of the

theory of genetic correlation.

In both selection experiments there were insignificant differences
batween the realised genetic correlation estimatos obtained from
the two selectod strains and the expected estimates obtained from
enalysie of covariance, This supports the validity of quantiiative-
genetic theory. Howover, in some cases the agreement in the magni-
tude of gonetic correlations were lacking for traits of low heritabilitios.
This indicates that tho assumption underlining the theory of genetio
correlation needs more explanation, although the theory has been
valid in the general argument of these seletsion expetimets.

The theory of genetic corrlation was developed, on a purely qualitative basis,
by Mather (Wigan and Mather, 1942 ; Mather and Harrison 1949), and on.
quantitative basis by Smith (1936) and by Hazel (1913) from the respective
fandamental formulation of biomotrical geneiics of Fisher and Wright. The
explanation of the subject was discussed by lerner (1958) and by Falconer
(1960) in terms of correlated responses to selection.

There several different genetie mechanisms underlying correlated respo-
nses. The most obvious are pleiotropy and linkage (Lerner, 1958).

The theory was tested by many workers, but the complete under-
standing and the precision of the validity of the theory is still lacking,
Unfortunately, in the literature, the genetic corrclation is given without
standard errors. There have not yet boen enough studics dealing with
correlated response, and to what extent the obscrved correlated response to
sclection agrees with the theoretioal one.

Close agreement between observed and predicted correlated respomses.
was shown by Reeve and Robertson (1953) when studying the genetie corre-
lation between the thorax length and wing length in’ Drosophila melanoga-
ster. They found that the genetic corrleations based on selection for largs
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and small size were in close agreament as 0.71 and 0.73. They found also
agrosment batween the estimates from selected and unselected population
which, showed that ths correlated respongss were very close to what would
have b2en predisted from ths ganstia analysis of $hy unszlested population,
N Wi

Falooner (1954) selected for body woight and for tail length in two diffe-
rent lines of mice. He found agreemant between the realized gemetic corre-
lations between thess traits in both lines (.62 vs .57). He concluded that
the theory upon which the estimate of correlations is based, acoounts fully
for the correlated response in his oxperiments. However, Clyton et al.
(1957) did not find such agreement and showed that the sxpacted response
was small and was liable to be obsoured by random drift, &

On chicken, Jaap et al. (1962) did not find agreement between expocted
(predicted and observed correlated response in low heritable traits (egg pro-
duction, broodiness and height of albumin), when they selected for body
weight at 8 woeks of aga. Similarly, Ideta and Siegel (1966) solecting on the
same trait, found agreement only in the traits of high heritabilities {body
weight and egg weight), but the agreement was lacking in traits of low he
(age at sexual maturity, and egg number).

J
4

These results showed that, in some cases, although the agreement in
sign was found, it was not olose with regard to the size of genatic correlation,
Additional selection experiments are nceded to throw mors light on the ma-
guitude of genetic corrclation in breeding under the ordinaty farm conditions,
In this paper, the theory of genetic correlation was tested in two different
selection experiments on Fayoumi chicken to increasa body weight and to
increase egg number.

Material and Methods

Selection experiments were carried out in two straing of Fayoumi
chicken in Fayoum Poultry Experimental Station. One $0 inerease body
weight at 8 weeks of age (the growth strain), and the other to increase epg
number 0 the first of January (the production strain). Seven generations of
individual seleetion were practised in the former strain, and five generations
of family sclection in the latter. Since the beginning of selection experiments
& randombred eontrol {unsclected population) was established for compa-
rison and to estimate the genetioc changes in the charaeters more acourately,
The samples analysed to estimate the genetic correlations were taken from
the pedigree unselected population.

Methods of analysis

The genetic correlation was estimated by two methods :

1. Covarignce analysis: The estimates obtained according to the
model shown by Lerner (1950), The formula used is

{(Covy xy 4 Covy .axy)
T T ORI 0 %) (05 + 0% )
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where ;
Tary 18 the genetic correlation between selected trait x, and correlated
trait vy,

Covy. xy and Cov, , xy arc the covariance component due to dams and
sires respectively,

0% X, 0% .x, 0%y, and 0%,y are the variance components due to
sires and dams for traits x and y in respectivo order.
The standard errors were estimated according to the method shown by
Robertson (1959).

2. Realised genetic correlation : The estimates are obtained from the
direct responso to selection in trait x, using the method shown by Nordskog
and Festing (1962).

The equation derived as :
{a) For mass selection,

AGY h?x  ox
= a6z T Wy 0 Tov
(b) For family selection,a
4Gy M ex /94 (n—1)Lk%y
T agx T Ry T oy \/2+(n—1)h5x

where o Gx and A Gy are the direct and eorrelated responses, estimated
from the diffcrence between the performance of the selected strain and the
randombred control.

b2 and h2, are the realised heritabilities estimated from correlated respon-
ses to selection (Falconer, 1960 ; Ideta and Siegel, 1966).

o x and ¢ y are the standard deviations of traits x and v, and (n) is the size
of the dam family.

The traits measured ;

4 Wk, : Body weight of 4 weeks of age-
B Wk. : Body weight at 8 weeks of age.
12 Wk. : Body weight at 12 wecks of age.
8.M. 1 Age at sexual maturity (at first cgp).
M.B.W. : Body weight at sexual maturity.
M.E. W, : Bys weight at sexual maturisy,
12.E.W, : BEgg weight at 12 months of age.
Pange 5 : Unproductive days during five months (Dec. to April),
P, : Egg number in the first 21 weeks production.
P, : Egg number to 12 menths of age.
P, i Bgg number to the first of January.
r, : Egg number to the first of June.
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Results and Discussion

The theory of genetic correlation was tested in this study by comparing
the genctic correlation estimates obtained from the two selscted straing with
those obtained from the genetic analysis of the unselected population. That
1s to say, the validity of the theory in breeding depends on the agreement
between, the theoretical estimates obtained from the analyses of covariance
and those obtained from selection responses.

The following table shows the estimates of the genetic correlations
obtained from the two methods discussed :

(¢) from direct and correlated responses {realiezed genetic correlation
Tq 1 to selection for high body weight a 8 wecks of age and to
selection for high egg number to January the first.

(b) from the analysis of covariance (the theoretical estimate r, 2).

(ENETIC ORRELATION ESTIMATES

Traite (x) 8-week Body Weight (8 Wk.) (x) Egg gﬁg“{‘i};:: 3_:’,'31 anuary
R {¥) Expeeted Obse;vud Expected ——Ohscwed
4 Wk, 0.923 + .024 1.117 = o
12 Wk. 0.900 + .025  0.868 — —
S.M. 0.150 4 070 0.282 —0.800 + 084 —0.530
M.B.W. 0.370 + .094 0.426 —0.328 4+ .10 —0.540
M.E.W, 0.116 4- 074 0.214 —0.570 + 134 —0,588
12.5.W, 0.155 4 .069 0.198 0.073 4 .021 —(.269
Pause 5 | —0.053 + .021] —0.009 | —0.460 + .112| —0.696
P, 0.664 + .070 0.189 1.000 + 000 1.000
P, —0.063 4 021, —0.037 1,008 4~ 000 969
: 0.418 + 081  0.128 — —
P, 0.160 + .068) —0.133 | 1.000 4 .000]  1.000

(x)} : Selected trait.
(¥} + Correlated traits (for eymbols see “the traita mesasured").
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Balection on the growth strain indicates that there is no difference in
sign between the two estimabes. Better agreement in magnitude between
the realised genetic correlation and the theoretical one can be noticed with
regard to S.M., M.B.W., and M.E.W, whioh showed high L2, than with egg
production measurements which showed low h? (Hossari, 1966). This sup-
ports the work of Jaap et al. (1962) and Ideta and Siegel (1966), on chicken,
who [ound that the agreement wag lacking in characters of low hZ.

Sclection on the production strain shows that thare is also agrcement
betweon the realised genetic correlation estimates of egg number with the
other egzy number measurements, and those estimates obtained from genetic
analysis. However, this agreement was not close in magnitude with some
traits, .M., M.B.W. and 12.E.W, Idets and Siegel (1966), found also dif-
ferences in the size of some genetic correlation estimates although there were
agreements with regards to the sign of the genetic correlations.

Over all the esfimates in the both selection experiments, there is insigni-
ficant difference, as tested by Chi square method, between the genetic cor-
relation estimates obtained from direot and correlated responses to selection
fobserved) and the estimates obtained from genetic analysia of covariance
{expected). This supports the work of Falcener (1954) on miee who found
agroement between the realised genetic correlations obtained from the two
selected lines, and Recve and Robertson (1953) on Drosophila who found
close agreement between the genetic correlation estimates obtained from
selected and unsebected populations. These support ths validity of the
theory of genetic correlations.

The genetic correlations of both methods between the selected measure-
ment and the other measurements of early body-weight and egg number are
very large (about unity). Therefore the genetic correlations are likely to be
due to pleiotropy at least to a degrae. This supports the suggestion of Lerner
(1938) who reported that plsiotropic effeot was important for the genetic
-ecorrelation hetween the different parts of a character. In the other cases
pargiculatly with respect to egg number trait where the realzed genctic
correlations are small, the cause of linkage would be a possible explanation.
Lerner (1958) reporsed that genetic eorrelation, which is cauced by linkage,
is likely to decrease in magnitnde through recombination with a consequent
diminution of the correlated response.

Tt would be fair to conclude that in gonsral, the evidence in this study
supports the validity of quantita'ive genetic theory, However the lack of
the agreement with respect to the magnitude of some genetic correlative
indieates that the assumption underlining the theory of genetic correlation
needs more explanation although the theory has been valid in the general
argument of the study.
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