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SUMMARY
The present paper deals with the effects of ageing on the expression of 

the genetic variation in relation to the environmental variation for rate of 
lay and egg weight in three selection lines of White Leghorn birds from Gen. 
1-8 of the Scandinavian Selection and Crossbreeding Experiment with Laying 
Hens. The results showed that the estimates of the phenotypic variance and its 
genetic and environmental components increased markedly with age of the birds 
for an egg production trait like rate of lay, but not for a trait like egg 
weight when the effects of scale were corrected for by calculating the 
coefficients of variation.

The increase of the genetic variance for rate of lay during the egg 
production period of the layers was found to be approximately proportional to 
the parallell increase of the environmental variance, indicating that new 
genetic variation was induced in response to an increase of the environmental 
variation. These results are in close agreement with those found by Liljedahl 
et al. (1984).

INTRODUCTION
In animal breeding it is of great interest to increase our knowledge of 

the genetic variation in relation to the environmental variation not only 
during the earlier age periods but also, and especially, during the later age 
periods of the animals' life. This knowledge would be an important tool in the 
development of methods for improving their life time production and ability to 
cope with the strain of ageing.

The present paper deals with the effects of ageing on the expression of 
the genetic variation in relation to the environmental variation for rate of 
lay and egg weight in three selection lines of White Leghorn birds from Gen. 
1-8 of the Scandinavian Selection and Crossbreeding Experiment with Laying Hens 
(Liljedahl et al., 1979; Kolstad, 1980; Liljedahl and Weyde, 1980; Sdrensen et 
al., 1980; Weyde and Liljedahl, 1984). In an earlier investigation by Liljedahl 
et al. (1984) on the same subject the results indicated that new genetic 
variation was induced parallell to an increase of the environmental variation 
of egg production traits in laying hens. These results were interpreted in 
terms of a hypothesis implying that so called "reserve genes", being silent 
during early periods of life, are switched on later in life in order to 
counteract the deteriorative effects of ageing which impair the organism's 
ability to cope with its environment.

The results from the present study are intended to show if they will give 
further support of this hypothesis or not.
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MATERIALS AND METHODS
In the present investigation data from Gen. 1-8 of three selection lines 

in the Scandinavian Selection and Crossbreeding Experiment with Laying Hens 
were analysed for estimation of phenotypic, genetic and environmental variance 
components for rate of lay and egg weight in two age periods viz.
day of first egg to 42 weeks of age (P^ and

42 to 63 weeks of age (Pg).

The selection lines were the following:

Ne = White leghorn line selected for number of eggs 20-42 w 
Ew = White leghorn line selected for egg weight 20-42 w
lx = White leghorn line selected for an index of number of eggs and egg weight 

20-42 w

The hens were housed in single-hen cages and fed a sub-optimal layers feed 
mash (2.5 Mcal/kg and 13% crude protein).

The statistical analyses were based on surviving hens at the end of the 
whole testperiod (63 weeks of age).

Data from each line and generation were analysed according to the 
following statistical model:

y ijk = V + si + d . - + e ■ ,U  ijk’
= observation on the kth daughter of the jth dam of the ith sire 

= overall population mean
y i jk 
M
s.j = random effect of the ith sire

d-j = random effect of the jth dam within the ith sire

eiik = ranclom effect of the kth daughter of the jth dam within the ith sire =
J random residual error

The observational variance components were estimated using Henderson's 
Method 3. The means of the estimates over Gen. 1-8 for these observational 
components were "translated" into estimates of the causal variance components 
(VA > VnA’ VE and VP^ accordin9 to the biometrical relationships between these 
two categories of variance components as given by Becker (1975).

In addition to the 
ents of variation (CV., 
for the possible effect 
variation.

causal variance components the corresponding coeffici- 
CV CVE and CVp) were calculated in order to correct 
of scale on the expression of the various sources of

515



RESULTS

Mean numbers of sires, dams and daughters together with means and their 
standard deviations for rate of lay and egg weight of daughters, averaged over 
Gen. 1 to Gen. 8 , are shown in Table 1 for the early (P.) and late (P_) part of 
the egg production period in the three selection lines. i

Table 1. Mean numbers of sires, dams and daughters, and means of daughters for 
rate of lay and egg weight in an early (P.) and late (P„) part of the 
egg production period in three selection lines of White Leghorn birds, 
averaged over Gen. 1 to Gen. 8 .

Line Period

Mean number of Mean±S.D.
Sires Dams Daughters Rate of lay (%) Egg weight (g)

Ne
P 1 18.8 119 482 82.0+ 9.5 49.1 ±3.3

P2 73.0±13.2 55.7±3.8

Ew
P1 19.0 128 427 74.0±10.3 57.8±3.7

P2 63.2 ±14.6 64.0+4.3

lx
P 1 19.3 115 447 78.0± 9.1 54.0+3.5

P2 67.5 ±13.2 59.9+3.9

Ne = Line selected for number of eggs (N) 20-42 weeks of age
Ew = Line selected for egg weight (E) 20-42 weeks of age
lx = Line selected for an index of N and E 20-42 weeks of age
P-, = Day of first egg - 42 weeks of age

= 42-63 weeks of age

As can be seen in Table 2 the estimates of the phenotypic variance and its 
genetic and environmental components were all about twice as large for the 
second period from 42 to 63 weeks of age (P?) than for the first period from 
the day of sexual maturity to 42 weeks of age (P.) in all the three lines for 
rate of lay ( 1 0 0 x number of eggs divided by number of days in the period).

The estimates of the additive genetic variance component (V.) in both P, 
and P2 were more than twice as large in line Ew as those in lines Tie and lx. 1

A significant non-additive genetic variance component (V .) was found in 
line lx in both P. and P„ but not in any of these two period^n lines Ne and 
Ew. 1 L

In line lx the estimates of the environmental variance component (Vr) in 
both P^ and were 35-40% smaller than in lines Ne and Ew. E
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Table 2. Estimates of phenotypic variance and its genetic and environmental components in absolute and relative figures, 
and the corresponding coefficients of variation for rate of lay and egg weight in an early (Pj) and late (P2 ) 
part of the egg production period in three selection lines of White Leghorn birds, averaged over Gen. 1 to Gen. 8 .

Variance Coefficient of variation ( t )

Absolute___________________________ Relative (in t  of_Vp)________________

Rate of lay (%) Egg weight (g)__R<rte_ of_Jay { % ) _ Egg weight (g) Rate of lay ( %) Egg weight (g)

nentc Line Pi P2 P2: P 1 P 1 P2 P2: P 1 P 1 P2 P2: P 1 P 1 P2 P2: P 1 P 1 P2 "O r9
. ~u P 1 P2 P2:P1'

A Ne 15.5 31.5 2.03 6.4 8 . 2 1.28 17.2a 18.2a 1.06 60.4a 58.2a 0.96 4.8 7.7 1.60 5.2 5.1 0.98
Ew 36.1 6 8 . 0 1 . 8 8 8.4 1 1 . 0 1.31 34.1rt 32.0a 0.94 60.9a 60.4a 0.99 8 . 1 13.1 1.62 5.0 5.2 1.04
lx 15.1 33.4 2 . 2 1 8.5 1 0 . 2 1 . 2 0 19.2a 19.2a 1. 00 69.7a 65.8a 0.94 5.0 8 . 6 1.72 5.4 5.3 0.98

nA Ne O.O1fa O.O6 _ O.O6 o.o6 O.O6 O.O6 O.O6 O.O6 O.O6 O.O6 O.O6 O.O6

Ew o.o1b O.O6 . O.O6 O.O6 - O.O6 O.O6 - O.O6 O.O6 - O.O6 O.O6 - O.O6 O.O6 -

lx 20.4 43.4 2.13 O.O6 O.O6 - 24.8 25.0 1 . 01 O.O6 O.O6 - 5.8 9.8 1.69 O.O6 O.O6 -

E Ne 74.9 141.5 1.89 4.2 5.9 1.40 82.8 81.8 0.99 39.6 41.8 1.06 10.5 16.3 1.55 4.2 4.4 1.05
Ew 69.8 144.5 2.07 5.4 7.2 1.33 65.9 68.0 1.03 39.1 39.6 1 . 0 1 11.3 19.0 1 . 6 8 4.0 4.2 1.05
lx 46.1 97.2 2 . 11 3.7 5.3 1.43 56.0 55.8 0.99 30.3 34.2 1.13 8.7 14.6 1 . 6 8 3.6 3.8 1.06

P Ne 90.4 173.0 1.91 1 0 . 6 14.1 1.33 1 0 0 . 0 1 0 0. 0 _ 1 0 0 . 0 1 0 0 . 0 - 1 1 . 6 18.0 1.55 6 . 6 6.7 1 . 0 2

Ew 105.9 212.5 2 . 0 1 13.8 18.2 1.32 1 0 0 . 0 1 0 0 . 0 - 1 0 0 . 0 1 0 0 . 0 - 13.9 23.1 1 . 6 6 6.4 6.7 1.05
lx 82.3 174.0 2 . 11 1 2 . 2 15.5 1.27 1 0 0 . 0 1 0 0 . 0 - 1 0 0 . 0 1 0 0 . 0 - 1 1 . 6 19.5 1 . 6 8 6.5 6 . 6 1 . 0 1

a h| in % (S = sire) 
b ^

hp not significantly different from h^ (F = full sib)

c A = Additive genetic component; nA = Non-additive genetic component; E = Environmental component; 
P = Phenotypic component



The phenotypic variance (Vp), being the sum of V., V , and Vp, was found 
to be significantly larger in Tine Ew than in lines Ne ana lx as a result of 
the larger component in both P-j and P^ in this line.

In order to eliminate the possible effect of scale on the expression of 
the phenotypic variation and its genetic and environmental components the 
coefficients of variation were also calculated by dividing the square root of 
the estimate of each variance component by the corresponding mean. Since the 
mean for rate of lay is significantly smaller in P„ than in P, for all the 
three lines, the marked increase from P, to P„ of the different variance 
components themselves was also found for the corresponding coefficients of 
variation; if these are squared to be compared with the variance components the 
age-related increase of the various CV9 will obviously be still more pronounced 
than of the corresponding V„ ( 0 = A, nA, E or P).

Even for egg weight it was found that the estimates of the phenotypic 
variance and its genetic and environmental components increased from P, to P2 
in all_the three lines, though less markedly than for rate of lay. Similarly, 
Vpand VA were larger in line Ew and Vp smaller in line lx than in the other 
lines, with the differences being Lless pronounced than for rate of lay. 
However, when the effects of scale on the expression of the various sources of 
variation were taken into consideration by calculating the corresponding 
coefficients of variation all the differences between the two periods dis
appeared as well as the differences in Vp, V. and Vp between lines, except for 
the somewhat smaller CVp in line lx. " H L

CONCLUSIONS
The results obtained in the present investigation showed that the phenoty

pic variation and its genetic and environmental components increased markedly 
with age of the birds for an egg production trait like rate of lay, but not for 
a trait like egg weight when the effects of scale were corrected for by 
calculating the coefficients of variation.

The increase of the genetic variance for rate of lay with age of the 
layers was found to be approximatively proportional to the parallell increase 
of the environmental variance, indicating that new genetic variation was indu
ced in response to an increase of the environmental variation. These results 
are in close agreement with those found by Liljedahl et al. (1984), thus 
supporting their hypothesis which implies that (1 ) the genetic variation 
increased because more and more genes not earlier expressed, so called "reserve 
genes", were switched on in response to environmental signals in order to 
induce reactions aimed at counteracting the deteriorative effects of ageing, 
(2 ) the environmental variation increased because the deteriorative process of 
ageing impaired the organism's ability to buffer against changes in its 
environment.

At the present stage no reasonable explanation can be given why the 
additive genetic variation for rate of lay was expressed to a higher degree in 
line Ew than in lines Ne and lx, a phenomenon earlier observed by Liljedahl and 
Weyde (1980), or why the non-additive genetic variation was expressed in line lx but not in lines Ne and Ew. However, the smaller environmental variation in 
line lx than in lines Ne and Ew could be explained by the expression of genes
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with non-additive effects in this line, resulting in animals with better 
buffering capacity against environmental influences than in the other two 
1i nes.
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