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Summary

This study aims to use the lag of oviposition time as an additional information in
the selection index for further improvement of egg production. The traits used to con-
struct selection indices were partial ege number produced to 150 days of egg produc-
tion (PEN), annual egg number (AEN), egg weight (EW) and lag ol oviposition time
(LAG). Four index equations were constructed using different information from in-
dividual, full-, half-sibs and dam. Selection objectives were single trail selections for
AEN or LAG and multi-trait selection lor AEN, EW and LAG predicted by Hazel

(1943) (H-index) and Kempthorne and Nordskog (1959) (R-index). Changes n
genelie and phenolypic (co) variances of the traits due to selection were calculated
by the method of Tteh (1991) and Stranden ef al. (1893) |

Single trait selection for reduction of LAG is not ideal for improvements of egg
number and egg weight indicated by lower increase in annual egg number and higher
decrease in egg weight. Single trait selection for AEN gains higher response in egg
number but decrease in egg weight, resulting to total genetic merit oblained from this

selection objective is not the highest value,
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Introduction

Genetic improvement in egg production has
heen exlensively studied since the discovery of
guantitative geneties, Breeding values are there-
fore accurately predicled, and genetic progress
in egpg production is dramatically increased,
The use of conventional traits in selection for

improvement ol egg production has urged o what

is regarded as physiological limit by one egg
per day, Breeders have no choices to range birds
for selection because of small variation beltween
birds, Hewever, the improvement of egg number
is always desired by egg producers to make
higher profit of egg production,

For further improvement of egg production
several alternative methods have heen suggested

as follows : 1) Prolong the recording period of
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egg production. This will increase generation
interval, consequently genetic progress will be
lag behind, 2) Select the birds on the basis of
persistency of lay, especially after peak of egg
production, predicted by a mathematical model,
This is plausible, but the appropriate mathe-
matical model is still lacking for genetic evalua-
tion of this character for individual hens (Miyoshi
ef al,, 19967, 3) Reduce the oviposition interval
under different light dark regimes (McClung
et al,, 1967 ; Forster. 1981 ; Sheldon et al, , 1984
and Naito et al., 1980),

increase in total number of eggs was not reported

[Mowever, an evident

in these selection experiments,
(1995, 1996) has char-

acterized Lhe laying process by the clutch traits,

Recently, Lue ef al,

of which lag of oviposition time was reported to
be genetic determination and might be consid-
ered in the selection program for improvement
ol egg production. The present paper is to study
the application of the seleclion index methodology
lo incorporate lag of oviposition time into the
index equation for (urther improvement of egg

production in laying hens,
Materials and Methods

The traits used to construct selection indices
were partial egp number (PEN), annual egg
number (AEN), egg weight (EW) and lag
ol oviposition time (LAG)  PEN is partial egg

number of 150 days ol egg production from the

Table 1, Phenotypic standard deviations (o ,) ,

heritabilities {on the diagonal), genetic
and phenotypic correlations (above and
below diagenal) of the traits!

Trait o, PEN AEN EW LAG

PEN 10 .34 0.85 -0.43 -0.61
AEN 15 0.73 0.21  -0.31 ~0.54
EW 3.5  —0.14 0.10 0.52 0.38

LAG 073 040 —-0.34 019 043

""Source : McClung et /. (1976), Yoo et al. (1988),
Natio et /. (1989), Fairfull and Gowe (1990), Wei
and Van Der Werf (1993}, Lillpres and Wilhelmson
(1993), Luc et a/. (1996).

first egg. LAG 1s intra clutch mean lag of ovipo-
sition time which was delined by Luc ef al, (19
053,

To construct a selection index, genetic and
phenotypie parameters of these traits need to be
known. These parameters were obtained from
the literature and presented in Table 1,

From parameters in Table |, numerical ma-
trices of phenotypic and genetic (co) variances

(V, and V,_, respectively) were calculated as

follows ;
100 109.5 -4,900 -2,920 33 33564 -6234 -1677
225.0 -5,250 -3.723 47250 5378 1776
V = cand V= !
e 12.250 ).485 £ 6370 0460
10.533 0229

The following general index equation contain-

ing ull information was defined :

[ b, PEN, | b,PEN, | byPEN, | b,
AEN, —b EW , +b,LAG; [1]

where b, (1= 1,6) 1s weighting factors to be es-
timated, the subseripts I, F, I and D stand for
individual, full sib, half sib and dam, respec-
tively, The PENg is mean of n-1full-sib ani-
mals, because the individual was execluded from
its full sibs, The PENy is mean of p- 1 hall sib
groups each has n full -sib animals, because the
full sib group containing individual was exclud-
ed from the mean,

To solve this selection index equation, the ma-
irix of phenotypic (co) variances between the
measurements in the index (P matrix), and
matrix of covariance between additive genetic
values of the traits in the selection objective and
the information in the index equation (G ma-
trix) must be established, The general P ma-

trix for equation [1] was derived as follows ;
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where d, is variance of mean of n - | full - sib
animals with one record per animal, d, 1s vari-
ance of mean of p - | hall - sib groups each hasn
full - sib animals with one record per animal,

These variances were derived as follows :

ein-Daph? | 4
4 —_— ‘ +p- 2 h]uz,
l4+{n- 2}.-.,.,.1;1 lr " Ppan HY T Popen
=t == a2 and s

=l .'F.‘Z.\ L f:_l

where p is number of lemales mated with one
male, and is assumed to be equal wo 8, Each mal
ing was assumed to produce 6 offspring females

(n==6). Thea, Y% is additive relalionship
among full sibs. The a,— ' is additive relation-
ship among hall sibs, The A2 is herilability of
partial egg number,

The covariance matrix between additive genel-
ic values of the traits in Lhe selection objective
and measurements in the index (G matrix)

has lollowing general form ;

“Cpgen 1w Tipen i
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Using values in the V, and V,, the general
numerical matrices of P and G can be obtained
easily. From the general P and G matrices, the
specific P and G matrices were generated for

four index equations in Table 2,

Table 2. Assignation of index equations using
different information

Equa Inlformation

lion  pEN, PEN, PEN, AEN, EW, LAG,
1, s X X X X X
I, X X X % X
[, X X X X X
I X X X x

Selection ohjectives were single trait seleclion
for AEN or LAG and multi-trail selection for a
combination of AEN, EW and LA(G, The vector
of weighting factors was obtained from b P ' G
far Hazel index (H—index) (Hazel, 1943), and
b= [[-P'GC(CC P'GC) 'CG . PG
for restricted index (R index) (Kempthorne
and Nordskog, 1958), where v is a vector of rel-
ative economic values of the traits in G, This
vector was obtained by solving a retrospective
index (VanVleck, 1993), If phenolypic selection
differentials ( A,) were pre-specified as 40 eggs,
5grams and-lhonr, respectively for AEN, EW
and LAG, the corresponding relative economic
values obtained from (V%) 'A, were 1.1, 1.6
and 0.5, where V? is genetic (co) variances
matrix between AEN, EW and LAG, In the R
index, 1 1is the identity matrix, C is an k*n ma-
trix with ones on the diagonal and all other ele-
ments zero, in the present case n 3 is number
of traits in G and & — 3 is number of trait to be
restricted (1. e, EW),

Vector of selection responses [or the traits of
interest were calculated hy formula As=,,—l‘,
(' (Lynch and Walsh, 1994), where 1 is se-
lection inlensity assumed to be equal to 1, v, =
~/b'Ph is standard deviation of the index,

Changes in genetic and phenotypic (co) vari-
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ances of the traits due to selection over genera-
tions were calculated by the method of analytical
formulae described by Iloh (1991) and Strandén

et al, (1993).  The ecalculation formula is as

fallows :

k
Vo=l b P b it
gty Tgli-h B - Wi - nbi-1 gl =17i=1-Tgt=D

where V, ., 13 a genetic (co) variances ma-

trix of the traits at generation i, that is changed

by selection at the previous generationi - 1, The
b,_, 1s a vector of index weights used lor selec-
tion at generation i1, The k  —i (i —x) ;iis

the selection intensity and x is the abscissa at
the truncatlion point, The values ol & [(or various
selection proportions were calculated and tabu-
lated by Ttoh (1991),

al generation ¢ due to selection was caleulated as

The change of V, matrix

Vi =V, 'V, where V, is environment
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(co) variances matrix that was assumed to be

unchanged over generations,
Results

Cumulative responses in annual egg number,
egg weight and total genetic merit over ten gen-
crations Lo single trait selection for LAG are
presented in Fig, 1. Cumulative response in an-
nual egg number from the I, was estimated to
be lowest among four equations, The values at
the tenth generation were 18.8, 25,9, 20.5 and
27.1 eggs, respectively for the [, 1,, 15 and [,,
The |, didd not show superior than I in improve-

ment of egg weight over ten generations, The

estimated values al the tenth generatlion were
4.6 and 4,7 grams for the I, and 1, respec-
tively, The I, was estimated to give the highest

6.2

grams at generation ten, Tolal genetic merit at

decrease in egg weight with the value of

generation ten was estimated to be different among

25 f Annual egg number (egg)

Generation

25

20

Total genetic merit

1 2 3 4 5 6 7 B 9 10
Generation

Figure 1. Cumulative responses in annual egg number, egg weight and total genetic
merit over ten generations to single trait selection for LAG in four index
equations (1, ~1,), (Selection intensity=1).
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Figure 2. Cumulative responses in annual egg number, egg weight and total genetic merit
over ten generations to single trait selection for AEN in four index equations

€l =1y),

four equations, of which the highest value was

224 for the 1, and the lowest value was 13, 2 for

the l,.

[fig. 2 presents cumulative responses in annual

(Selection intensity= 1),

egg number, egg weight and lolal genetic merit

lo single trait selection for AEN, The I, is ex-

pected to give the highest response in annual

cgg number over len penerations among four
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Figure 3, Cumulative responses in annual egg number, egg weight and total genetic merit
over ten generations to multiple trait selection Predicted by the H-index in four

index equations (I, ~1,),

(Selection intensity= 1),
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equalions used, However, the highest decrease
in egg weight was also estimated from the 1),
resulting to total genetic merit estimated from
the 1, was not the highesl value compared to
other three equations. Accordingly, the cumu-
lative Tesponse in annual egg number at the
tenth generation was estimated to be 27, 2, 26. G,

26,7 and 26, 2 eggs lor the 1,, 1,, 15 and 1,, re-
spectively, The corresponding values for cumu-
lative response in egg weight at the tenth gener-
ation estimated [rom these equations were

—0:h, =B B —u B
netic merit were 21,1, 20,4, 22,6 and 22.0 for the T,

4.2, grams, Total ge-

Iy, Iy and |,, respectively,

Fig. 3 shows cumulative responses in annual
egg number, egg weight and total genetic merit
to multi trail selection predicted by the H index,
Cumulative response in annual egg number at
the tenth generation estimated from the 1, was
higher than that from the I, with corresponding
values of 23.9 and 23, 2 eggs. Similarly, the 1,

showed superior than I, in response in annual

egg number. Cumulative responses estimalted
from the l; and 1, were 28,2 and 27.5 eggs, re-
spectively, being higher than those lrom the 1,
and 1,, llowever, the I, and I, showed superior
than Iy and 1, in improvement of egg weight.
Amount of decrease in egg weight at the tenth
generation was estimated to be higher in the 14
and 1, than in the 1, and 1,. The difference be-
tween the I, and I, in cumulative response in cgg
welght at the tenth generation was (), 24 grams
in [ront of the 1, However, cumulalive response
in total genetic merit was the highest for the I;
over ten generations,

When zero response in egg weight was restrict-
ced by the R

annual egg number was presented in Fig 4.

index, the estimated response in

The |, showed relatively the highest response in
annual egg number among four equations used,
Therefore, the highest response in total genetic
merit could be expected from this equation, The
|, was estimated to give the lowesl response in

annual egg number among four equations,

30

25

Annual cgg number (egg)
20

i

12

13

14

T

Generation

Figure 4  Cumulative responses in annual egg number over ten generations to multiple trait
selection for predicted by the R-index in four index equations (l,~1,), (Selection

intensity=1) |
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Discussion

In the modern layer, hens arc capable to lay
cggs almost every day, This implies that there
is no genetic difference between hens for further
improvement of egg production, The remain
character of egg laying is time interval between
ovipositions, The LAG is defined as mean dif-
ference of time intervals between ovipositions
within a clulch [rom the circadian rhythm, Se-
lection for reduction of LAG is therefore theo-
retically expected to improve egg production,
However, results of this study show that single
trait selection for reduction of LAG Is not ideal
for improvement of egg production as indicated
by lower response in annual egg number and
higher decrease in egg weight compared to olher
selection objectives, MeClung ef al. (1976) and
Sheldon ef al, (1984) succeeded in decrease of
oviposition interval by selection, but the im-
provement of total number of eggs was not
This the

reduclion in ovipesition interval is not simply

apparently reported, indicates that

associated with the inerease in total number of
cggs. (1976) showed Lhat the

number of pause days and abnormal eggs were

MeClung ef al,

increased as a result of the decrease in oviposi-
tion interval Moreover, selection for reduction
of oviposition interval is often accompanied the
decrease in egg weight because the time lor
albumen accumulation in the oviduet is reduced,
These facts suggest that although lag of oviposi-
tion time can be estimated from a very short
period in the early produclion stage, the selec-
tion for reduetion of oviposition interval should
he coincidentally considered with other egg pro-
duction traits,

Single trait selection for annual egg number
is expected Lo give the highest response for this
trait among selection objectives. However, neg-
alive response in egg weight as a result of inten-
sive selection for inerease of egg number 1s coun-

teracted owing to negative genetic correlation

177

between these Lwo traits, As an inferior property
of single trait selection, the highest response in
annual number of eggs can be expected from
the equation 1,, the highest decrease in ecgg
weight must be faced from this equation, This
resulted to the equation I, is not expected to give
the highest total genelic merit, except for some
first gencrations (Fig, 2),

Single trait sclection for annual number of
eggs or lag of aviposilion time both result lo in-
erease in egg number but decrease in egg weight,
The economic benefit obtained [rom single trail
Multi
lion predicted by the H index showed thal the

seleetion is therefore trivial, trail selec-
equation |, is not superior than equations [y and
I, in improvement of annual egg number, but it
is superior than those two equations in improve-
ment of egg weight, The comparison between
the I, and [, shows that the 1, is inferior to I, in
improvement of egg welght, but superior than
I, in improvement of annual egg number. This
property of adjustment ability of the H-index
gave the highest response in total genetic merit
[or the cquation T;, The equations Iy and I, fail
to improve egg weight even fail to maintain the
initial egg weight in the H index, The superior-
ity of the I, over other equations is also reflected
in the R-index that the gain in annual egg num-
ber from the I, is expected to be higher than that
(Fig. 4).

ln conclusion, the use of lag of oviposition time

from other three equations

as a selection objective in single Lrail selection
program is not ideal for improvement of total
number of eggs, even higher decrease in egg
weight may oceur, Towever, the incorporation
of lag of oviposilion time into selection index as
an additional information would be expected to
give higher selection response in total number of
cges as the result of larger reduction of oviposi-
tion interval, but slightly higher decrease in egg
weight is also counteracted. Howeyer, the com-
pensative adjustment between the gain in egg

number and the loose in egg weight gives higher
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response in total genetic merit of these two traits
for the index equation in which lag ol oviposi-

tion time is incorporated,
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