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THE EFFECT OF SELECTION FOR HIGH BODY

WEIGHT AND HIGH NUMBER ON GENETIC AND

» PHENOTYPIC VARIATION IN TWO STRAINS
OF FAYOQUMI CHICKENS

By
M, A, Er-Hossart *

Two selection experimenta were carried out on two strains of Fayoumi
chicken, one to incrense body weight at 8 weeks of age in seven genera-
sione, ang the other to increase egg number to the firat of January
in five generations. Tie phenotypic and the genetic varistion before
and after selection were studicd.

In the frst strain, selection for high body weight decressed the
phenotypie variation in body weight measurements; at 4 weeks, 8
wook -, and at 1% weeks of age, while the genetic variance of these
traits had a tendeney to be increased, Similarly in the second strain,
seloction for high egg number decreased the phenotypie variation in
egg numbsr measurements ; io 21 weeka after the first egg, to 12 months
of age, to January the firat and to June the first, while the genetic
variance were increased.

The increase in genetic variance might be attributed to the tranas
formation of potential into free variability due to additive seletion.

It is generally assumed that additive selection for s particular charaoter leads
to more uniformity in performance. This is due to the exhaustion of the
genetic variability and hence, the phenotypic variability may he decreagsed.
Lerner (1950) however, reported that sclection might increase genptic variabil-
ity. He puggested that saleotion does hot create such new genstic variation,
but may aid in the transformation of potential into free variation. ‘‘Belection
may utilize the variability already present in the population by changing gene
frequencies and by cresting new genotypes from the genes already present
through & re-gorting of whole chromosomnes and through picking a more desix-
able orossover types within a chromosome pair’.

Mather and Harrison (1949), on Drosophils, reported that genetie vari-
ance was inoreased in the selected character due to the release of potential
variability, .

The phenotypic variability of a population may be changed according
to the degree of heterozygostiy, less varisnce is in heterozygotes than in
homozygotes (Wigsn, 1944 and Prevesti, 1953). 'I‘_his is becansas the
heterozygotes are less suscaptible to uncontrolled environments than the

homozygotcs (the phenotypic extremes).
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56 M. A. EL-HOSSARI

Selection is towards the fization of desirable genes. If a character in
4 random population is controlled by a desirable allele (4), the genotype
frequency wili be (AA : Aa :aa). Selection increases the frequency of {A)
in the population. That is to say, it increases the genotypes (AA)
and (Aa) and decreases the genotype (aa). In this case, if the inerease is more
in genotypes (As) “The heterozygous advantage” than in the gonotypes {AA)
“the homozygotes”, the phenotypic variance is expected to be decreased. On
the other hand, if the increase is more in genotypes (AA} “additive effect”
than in genotypes (Aa) and the rate of increass is equal to the rate of decreass
in genotypes {aa), the phenotypic variance maybe unchanged. Since the
chance of releasing potential variability is morein heterozygotes than in
homozygotes (Mather and Harrison, 1949), the genetic variability may be
increased, though the phenotypic variability has been decrosed.

Therefore, the effect of selection on genetic and phenotypic variance

depends on genotype frequency and on the type of genes which govern the
solected characters in a particular population.

Some workers found that afrer many generations of selection for a certain,
trait, the degree of uniformity of this partieular traic was not satisfactory and
less than expecied theoretically. On chickens, Maloney (1963) found that
selection for ligh body weight at 12 weeks of ay: decreased the phenotypic
variance but not asdesired. This is also supported by [deta and Siegel (1966).

The relationship between genetic and phenotypioe variation and the roles
of their behaviours during selection procedure are still a matier of argument,
More explanation in poul ry are needed to clarify such phenomena. In this
paper, the genetic and phenotypic variance before and after selection were
discussed in two strains of Fayoumi chickens; one selected for high body
weight and the other for high egg number.

Material and Method

Two strains were established by selection from a Fayoumi flock. Indi-
vidual selectin was carried out in the “growth strain™ to increase body weight
at eight weeksof age, and full-sibs family selec'ion wrs practiced in the
“production strain” to increase egg number to the first of January. Records
were colleeted over seven generations of selection in the former strain and
five generations in the latter,

A randombred control (unselected population) was also established s nce
the beginng of selection experiments and its performance was recorded for
-eomparisn and to estimate the gemetic gains more accurately.

Before selection, a random sample of 650 day- old chicks was taken from
& Fayoumi flock in Fayoum Poultry Experimental station. The chickes were
weighed every four weeks to twelve weeks of age. The performance of
1258 selected chicks were recorded in the second generation. The data
for analysis was taken from 436 pedigree pullets mated rondomly.

At the end of selection 1402 day - 01d chicks taken from the growth starain,
were weighed every four weeks to twelve weeks of age. The flocks’ size from
which the rusults were obtained after selecton were ahout, 600 pullets for the
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growth strain, 800 pulletsfor theuction strainand 500 pullets for the rand-

ombred control.

The average selection differential per goneration for body weight at
eight weeks of age during the selection periods was 100.8 grams, and for egg
number to the first of Jannary was 17.33 egggs.

The traits studied :

Simbol

4. WK.

8. WK.

12. WK,
8. M.
M.B.W.
M.E.W.

12 E.W.
Pause b.

Trait
Body weight at 4 weeks of age.
Body weight at 8 weeks of age.
Body weight at 12 weeks of age.
Age at sexusl maturity (age at first egg)
Body weight af sexual maturity
Egg weight at sozual maturity
Bgp weight at 12 months of age.

Number of unproductive days during five months
(December to Aprel).

Egg number to 21 weeks after the first egg.
Bgg umber to 12 months of age.

Egg number to the first of January.

Egg number to the first of June

Method of Analysis

{a) The phenotypic variance was expressed in two ways, before and
after the selection experiments:-

1. The standard devistion of the population (8.D.)
2. The coefficient of variance percentage. (C.V.)

(b) The genetic variance was measured as, the heritability X Phenotypic
variance, of the trait before and after selection. (oG = h? x o¥p).

The heritabilities were estimated by these ways:-

1. Analysis of variance (full-sib correlation). Before analysis, the data
were adjusted to their hatch mean (El-Hossari 1966).

2. The realised h® (Facloner 1960):
(a) The realised h® for the selected trait (h%;) = e

where A G iathe gentic gain per generatin for the selected trait,
and is theé selection differential per generation.

AG

U.A.R. J. Anim. Prod., 10, No. 1 (1870).
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(b) The realised hZ for oorrelated trait. (b? ) for individnal selection
in the growth strain

=~ oD 2 2

)

for faimiy selection in the production strain
L XG_X_) ’ 6%, " g 2+ {n-1) k2,

Where A (. represents the genetic gain in the selected trajt {X)

A Gyis tho genetio change in the correlated trait not directly
selected (),

h®. and h%; are the hertiabilities of traits (X) and (v,)
o%; and ofy are the phenotypic variance,

g is the genetio correlation betwoen trait X and Y and is the
average size of dam family,

The genetio correlation was estimated by using analysis of covariance
(El-Hossari 1961), The standard errors of the heritabilities and of the genetio
correlations were derived according to the method shown by Falconer (1960).

The genetic gain for the direct responses (Aé;) and for the correlated

responses (A Gy ) were obtained from the difference between the performance

of the randombred control (R) and the performanoce of the strain after the period
of selection,

Resulis and Discussion

Talle I. represents tha phenotypic variance measured as standard
deviation and as coeflicient of variance percentage for the different trait
studied in the original flock (Fo) before selection, in the randombred
contro] (R), in ths growth strain (strain () and in the production strain
(strain P) at the end of the soloction eXperiments.

It is obvious that selection for 8 - week body weight in the growth strain
. has decreased the phenotypic variance in early body weights. There is

consistent,  difference between the coefficients of variation of the growth
strain and the tandombred control, as well as the original flock. However,
the difference does not appear to be important in the egg production traits
except in pause duration and in egg weight at pexual maturity which show
considerable insrease in variability. Maloney e al {1963} also found that
selection for high body weight at 12 weeks of age for ten generations saused
the cocfficient of varianee in body weight to become smaller.

i — -
The penotypic variange in growth wore decreased in the later years and

at the same time gain,due to direct or correlated responses to selection were
inczrease and some of the observed responses exceeded the expected values

U.4.H. J. Antm. Prod., 10, No. 1 (1970).
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{Ragab and Hossrai 1969). The decrease in variance was more marked in
female than in male progeny for hody weight at 8 weals of age, the selection
eriterion used, while the abserved gain was markedly larper than expected
particularly in the last two generations for female Progeny.  This.
observation support the work of Hammond and Birds (1942) and Backer and
Berge (1959) who found that better growing condition were the smaller i
phenotypic varainge,

With respect to selection for egg number in the production strain, conaig-
tent significant decrease in phenotypic variabliriy was obrerved after five
generations of selection, while gonsiderable inerease was shown in pause
duration and in ege weight at maturity, However, variability in age at
sexual maturity and body weight at maturity wag little effected,

Table 2 shows the, eg*imates of the herit-a.biliti(;s of the different traita
studied before and after slection.

TABLE 2. —HERITABILITY ESTIMATES BEFORE AND AFTER SELECTION

h# after ssiection

h? of the flock (analysis of variance) Realized ha
Traite before seloction -_—
(F.) Strain G Strain P | Str. @ | o, P
1W k. (Gm) .. ., .3904-.061 .8194-.083 — 446 —
8 Wk, (,).. .. .. 3884 .061 40564 .083 —_ 438 —_—
12 Wk, 7 PR 4344 062 4174 ,083 — .428 -—
MBWwW ... ..|. 4034 .086 | | ba24-. 077 .3561-.062 | 379 .222
M.E.W, [ T 4844 .088 .84040.71 .QSﬁi .061 | .874 | .252
12E.W. (,).. . 4584 .088 —_ —_ ~— | .280
S.M. (Days) .. . .3094-.084 | | 3324+.085 | . 3204 .062 | .211 .255
Pauses (,,) .. .. . 2544-.082 — .8084-. 061 — 543
P, (Bges) .. .. .., 1511 .078 4444 089 343+ .062 | .323 .419
) R N T L2454 .081 | 4464 .089 .2894.069 | 706 276
8 .283+.091 402

P »”
P, )

2001080 | .210£.061 | 2831 .059 | .233 | ‘99

Table 3 shows the genetic gain in hoth straing due to selection. Tt also

indicates the significant differences of the genetic and phenotypie varianee
“abefors and after selection.

It can be seen that, in the growth strain, the genetio varianee for body
weight measuroments (4 weeks, 8 weoks, 12 woeks and M.B.W.) were not deg.
reased after selection for high body weight at 8 weeks of age (the differenge
between the h? estimates of Fo and strain G are insignificant). Actually
they showed tendency to be increased. Similarly in the production strain tha
variance estimates of the egg production Measurements were not decreaged
due to selection for high egg number but they were signiﬁca.ntly incresed in
Py, Py and P,. The h? estiroates were also increased in pause 5,

VAR, J. Anim. Prod., 10, No., 1 (1970).
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Robertson and Reeve (1952) found also that the genetio variation was
increased when they selected for wing and thorax length on Drogophila mela-
nogaster, They suggested that the selected genes which could be fixed might
have their effect on the character magnified the selection of modifying genes.
This provides one possible cxplanation for risein variance of a character aftar
many genorations of seloction.

It can be also seen that the genetic variation in age st suxual maturity
was not effected by selection in both selection experiments (strain G
and P).

There was adecrease in h? estimates of body weight and egg weight
measurements the produstion strain, while h? estimates wore increaed in eg
number measursments (P and P,) in the growth strain. Random drift coul
be a possible explanation for thess observations.

Therefore, selection for 8-weeks body weight in the growth strain decreased
the phenotypic variance in body weight measurements (¢ WE, 8 WK and 12
WK.}, while the genetic variance of these traits had s tendency to ba increased.
Bimilarly in the produetion strain, selection for cge number decreased the ph-
cuotypie variance in egg number measurements, while the genetic variances
were increnged.

TABLE 3.—GERETIC GAINS AND SELEOTION EFPRCT ON FEENOTYPIC
AND GENETIC VARIANCE

Genetio Gains *Gentio variance (0%3) oG ofp
Traita —

S ) SLR| R | sug | osp | S )88 s
4Wk. (Gm) | 58.30| .,. | 387.10 | 654.07 - —_
8Wk. (,) |136.90| ... | 2746.86 3442 84 = —
12Wk. () |235.01| ... | 7005.B0| g0&io.93| ... + —
MBW. (,) [396.40) 11.5016936.08|34386,36[13462.03] - = | =
MEW (,) |458|0.78| 6.63 5.34 5.4l | —) | | +
12B.W. (,}) | 4.54 | 1.13{ 4.60 £.73 = == | —
S8.M. (Days) | 45.79| 1.93 | 480.17 | 448.61 | 409 67 ==]|=|=
Pauser {,,) -1.23-25.41] ar1.62 | ... 186,66 — |+ +

Py () 10.53] 21.65] 76.58 | 199.55 | 93 44 | 4 | 4+ | = ] —
P (o) -2.52) 21.66: 124.36 | 160.33 | 130.63 | 4. | = | = | —
Py () ~7.80, 10.70] 145.51 { ... 18912 ...+ = —
Py () 10.05, 34.80, 194.94 | 233.85 | 269.69 | = | 4 | = | —

* ¢ Genetic varisnce (0Q) = Heritability (h?) % Phenotypic variance {a?P).

+ : The vairance is larger after solection than before selection.
— 3 The variance ia smaller after selection than before selection.
= No aignificant difference botween the verisnce,

U.AR. J. Anim. Prod, 10, No. 1 (19703,
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The decresse of the phenotypic variation in both seleotion experiments
might be due to more uniformity in performance as & result of selection ag
dissussed above, The increase of the genetic variation s generally atiributed
to two reasons: 1. the presence of non - additive effect, 2, the trangfor-
mation of potential to free variation.

The first reason, however, could be rejected in our cage heoause there
wad 10 significant differencefbetween the observed and the expeced Fesponses
to selaction in both straine (Ragab and Hossari 1969)

It would be thenconcluded that, although the phenotypio variability
was gignificantly deoreased due to selaction for high body weight and for high
egg aumber, the genetic variation was not affected snd shows tendenoy to
be iucreased partioulatly in egg number oharacters.

These evidences indicate that slesction has released genetic variation,
and further generations of additive selection on these two Fayourni atrains are
suggested for more uniformity and for more imporvement in performance,
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