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SUMMARY

A pedigreed control strain was divided into three lines which were
maintained genetically distinct over nine generations. Mean coefficients
of inbreeding of about 0-1 were attained. Results suggest that discernible
genetic drift had occurred in several traits. Separate estimates of genetic
variance were obtained from observed variation between and within
lines. These estimates differed significantly in the case of only one of the
eight traits observed. Observed variation between lines agreed reasonably
well with that predicted.

1. INTRODUCTION

The usual function of a control strain is to provide a standard against which
genetic progress in other strains may be measured. In his review of the topie,
Hill (1972b) points out that this aim may be frustrated to a varying extent by
errors arising from four sources: random genetic drift in the control, genetic
changes in the control due to natural selection, different responses of the control
and selected strains to environmental changes, and errors of estimation of the
control mean.

He found little evidence of changes due to natural selection except perhaps
in the first generation or two of relaxation after selection, while genotype-
environment interactions are not expected to be important where there is a
normal range of environments and when the control arises from a genetic base
similar to that of the selected strains. Errors in estimation of the mean are
always present but the variance of the mean can be relatively easily measured
and an increase in the test population will proportionately reduce its size. Random
genetic drift, however, can be a more serious problem in the long term because
it accumulates over the generations. Also, due to the small number of individuals
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from which, by economic necessity, the control strain is reproduced, the drift
will often be of significant size.

As control strains usually consist of a single line, direct evidence of the existence
of genetic drift is not readily available. In the formation of an egg-laying control
strain of poultry in 1967 as a standard for a selection programme it was therefore
arranged that it should consist of three separate lines, the comparison of which
would provide some empirical indication of the importance of genetic drift. This
paper summarizes the results obtained over nine generations. The control strain
has now been replaced.

2. MATERIALS AND METHODS

The origin of the flock, so far as it is known, is as follows. In 1959 hatching
eggs of two White Leghorn strains called ‘Babcock’ and ‘Mount Hope’ were
imported into Northern Ireland from U.S.A. They passed through one generation
each year without conscious directional selection. In 1964 hatching eggs from
each strain were sent to Hillsborough and in 1967 the two strains were reciprocally
crossed. In the interval between importation and crossing it appears that the
number of breeding individuals per sex per generation per strain always exceeded
six. This account is concerned with ten successive generations after the crossing,
the F, to F,, generations, which are numbered 0-9 respectively.

The control strain consisted of three lines of approximately equal size, which
had been formed by matings arranged among the F; progeny. These matings
were arranged at random except for a prohibition against half-sib matings. Matings
were arranged henceforward only within lines. Each line was bred from eight
sires, each sire being mated to a pen of four dams. The control strain passed
through one generation each year.

The formation of a breeding population from the preceding generation was as
follows. So far as was possible each female was the progeny of a different dam,
each male the progeny of a different sire, and the four females in a breeding pen
normally had a common sire and their dams were half-sisters. Thus the degree
of relationship between the dams in a pen, excluding the effect of any changes
in inbreeding, tended towards one third in later generations. If a dam had no
suitable female progeny (non-laying females were excluded from consideration)
a replacement was sought among the progeny of its half-sisters and, failing that,
among the progeny of other dams in the line subject to the prohibition on half-sib
matings. If a sire had no male progeny a replacement was sought among the
progeny of other sires in the line. When choosing which of the four dams in the
pen would contribute the male progeny or when seeking replacements, the aim,
subject to the above restrictions, was to give equal emphasis in the line to each
dam, pen and sire, and so help to maintain the stability of gene frequencies. Males
were excluded from consideration only if they were in obvious bad health. The
allocation of males to pens was by a 3-year cyclic mating scheme.

The birds were reared in groups with their hatch mates on litter. There were
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two hatches of generations 1 and 2, three of generation 3, and a single hatch
date in the remaining six generations. The third hatch in generation 3 was reared
and recorded at Loughry Agricultural College. The remaining pullets remained
at Hillsborough and at the age of 18-20 weeks they were weighed and moved to
individual cages where their performance was recorded. These cages were in one
of two houses; either in a battery breeding house where 96 hens chosen according
to the above rules to produce the next generation were placed, or in a block of
contiguous cages in a conventional battery house where the remaining pullets
were placed in a random arrangement. Any differences between the two houses
were ignored in the analyses on the assumption that either such differences were
insignificant or that there was balanced representation of the lines in the houses.
The number of pullets recorded for each trait in each line in each generation
ranged from 20 to 252.

The battery breeding house also contained cages for the 24 selected cockerels.
Artificial insemination was used to produce fertile hatching eggs during the
breeding period which was arranged between the two assay periods.

Results were recorded on eight traits: body weight at caging, age at first egg,
egg weight and shell deformation at 35 and 60 weeks of age (64 weeks of age
in generation 1; shell deformation not recorded at 35 weeks in generation 1) and
presumed ovulation frequency over two assay periods. The first assay period ran
from 210 to 278 days (generations 2-4) or to 275 days (generations 5-9) while
the second assay period was 69 (generations 2—-4), 66 (generation 5) or 44 days
(generations 6-9) about the age of 60 weeks. No assay of ovulation frequency
was made in generation 1, and no second assays were made in generation 3 due
to an outbreak that year of Marek’s disease.

A description of the trait ‘presumed ovulation frequency’ was published by
Foster (1972). Briefly it consists of an estimate made on the basis of records of
times of oviposition and specifically attempts to include ovulations in which the
yolk falls into the peritoneum to be absorbed rather than being collected by the
infundibulum, the so-called ‘internally laid eggs’. It can only be estimated in
hens which maintain a reasonably regular ovipository clutch pattern. Unpublished
results suggest that the trait is highly correlated with most measures of egg
production but is less variable and more highly heritable.

3. RESULTS

The overall mean for each trait in each generation is shown in Fig. 1 as well
as the deviations from this mean by each of the three lines which constitute the
strain. Variation between generations in the overall mean performance can be
attributed to genetic and/or environmental causes. Consistent deviations from
the mean in the performance of an individual line indicate genetic differences
between the lines. Genetic differences between the lines should also result in
consistent deviations when traits in which pleiotropy is expected are compared

https://doi.org/10.1017/50016672300014105 Published online by Cambridge University Press


https://doi.org/10.1017/S0016672300014105

234 W. H. Foster ANXD R. THOMPSON
® )
@ Body weight at caging (g) Age at first egg (day)
1500 _ 168 _
166 _|
1400 | 164 _]
162 |
1300 _] 160
158 ]
1200 156 _
+100 +4 _
+50
0]
~50_|
—100_]
¥ { L] H L] T ) LI i ¥ L) L) T 1 1 T 1
123456789 123456789
Generations Generations
c . .
© Egg weight at 35 weeks (g) @ Egg weight at 60 weeks (g)
56 — 63 _
551 62 |
54 ] 61 |
53 60 J
52 59
51 58
+2 _
50 4
" ™ Ak P\/\_Q/“
0 ] 0 P
e M
-1 -1_
-2 4
I T T 1 ¥ T L L i 1 ] I ) i ) 1]
1234567289 12 4 567 89
Generations Generations

https://doi.org/10.1017/50016672300014105 Published online by Cambridge University Press


https://doi.org/10.1017/S0016672300014105

Random genetic drift in an egg-laying strain of poultry 235

(0)]
@ Eggshell deformation at 35 weeks (um) Eggshell deformation at 6Q weeks (um)
25 25
]
24-1 24
23 5] /_,)\
22 J 22
21
+2 _ +2 _
0 0 ﬁ?Z ol
-1 //W -1
2 -2 4 VV
3
T T T T 1T L. R A LA A A
23456789 12 4 56789
4 Generations Generations
(g) Presumed ovulation frequency: Ist assay period (%) (h) Presumed ovulation frequency: 2nd assay period (%)
90 _ 82
88 _ 80 ... //\,,
86 78

84

] " \/\/
] o 0 494" il
PR

—4 ] 4 ]
T T | T L L i L] T3 T 1 1
23456789 2 4567829
Generations Generations

Fig. 1. Mean performance in eight traits of the control strain (@ —@) over gene-
rations, and deviations from the mean of each of the three lines: line A (CO0—[),
line B (O—Q) and line C (A—A), which constitute the control.
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(i.e. early assays of egg weight, shell deformation and ovulation frequency with

their respective later assays).
Effective population size (N,) was calculated for each line in each generation
by means of the argument presented by Latter (1959):

N, M M.F F2 M2
25 ed; TTd;(d;—1) 4 4 4
e S 1)
where
@, = number of breeding males from ith sire,
b, = number of breeding females from ith sire,
¢; = number of breeding males from jth dam,

d; number of breeding females from jth dam,
M = total number of breeding males = ZMq,,
M’ = number of sires,

F = total number of breeding females = ¥ d,
F' = number of dams.

Where each sire and dam contributes the expected number of progeny to the
next breeding population, the effective population size for each line calculated in
this fashion would be 39-4. The harmonic means of effective population sizes for
each line for each generation are shown in Table 1, which also shows the mean in-
breeding coefficient for each generation computed by tracing pedigrees back to 1966.

The variance effective size, which is relevant to this investigation, should be
distinguished from the inbreeding effective size which predicts the increase in
autozygosity (Kimura and Crow, 1963). Under random mating the two measures
are the same and the accumulated inbreeding may be estimated by ZiZ§ (1/2 Nej).
A comparison of the first and last lines in Table 1 shows a discordance of 2-3
generations indicating that in this investigation there was an increase in genetic
drift and /or a decrease in inbreeding compared to random mating. This presumably
resulted from the cyclic mating scheme with its avoidance of the mating of
closely related animals (Hill, 1972a).

After correction for any hatch effects, data from each generation were analysed
to produce estimates of variance components (for the ith generation) between
lines (L;), between sire groups within lines (S;), between dam groups within
sires (£);) and within full sib families (¢,). These lead to estimates of the heritability
coefficients. The ranges of these estimates and their means are shown in Table 2
together with pooled estimates of the variances between full sibs.

As a result of the breeding procedure, the variation between lines is expected
to increase due to drift. If G represents the genetic variance in the base population
then, on the assumption of additive gene action, drift in the ith generation is
represented by G% i} (1 /N ). By equating this with L, an estimate of the genetic
variance is obta,med ba,sed on the between-line variation (@).
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Another estimate of the genetic variance, 2(S;+ I}) can be derived from the
variation within lines, on the assumption of no dominance or maternal effects.
This estimate is denoted by @. No account was taken of.the reduction in genetic
variation within lines due to drift, as this reduction is expected to be insignificant,.

In order to test whether these estimates agree, two models were fitted. In the
first model estimates of G5 and Gy, were found by maximum likelihood. A second
model was then fitted, assuming Gy = Gy, to give a pooled estimate of G(Gp).
Twice the difference in log-likelihood between the two models is a measure of the
difference between G and @}, and is distributed asymptotically as 2 with 1 degree
of freedom if Gy = Gy

The variance components from generations 1-8 and the cross-products of con-
trol lines between generations were used to estimate G5 and Gyy. The cross-products
were used because they should provide extra information on G and because Hill
(1971) has shown there can be a large correlation between responses in different
generations. The expectations of the cross-products were evaluated using formulae
similar to Hill (1971).

A more complicated model which took account of the increasing relationship
over generations between dams in a pen was fitted but as it was found to make
only minor changes to the estimates, it is not reported.

Results are shown in Table 2. For only one trait, egg weight at 35 weeks, is
LD greater than the 5%, value of y? (3-84). Further analysis shows that for this
variate, assuming normality, there was significant variation between generations
in the dam and residual components.

4. DISCUSSION

An inspection of Fig. 1 suggests the occurrence of obvious genetic drift in
body weight at caging and in egg weight. The consistent deviations in shell
deformation indicate genetic differences between the lines but, from Fig. 1e and
1f, it appears these may have arisen during the original sampling in the formation
of the lines rather than by genetic drift over the generations of isolation. With
the trait presumed ovulation frequency, there is less obvious evidence of genetic
separation occurring since the establishment of the lines. The value of the control
strain in its declared function is indicated, notably by Fig. 1¢ and 1e, where
large variation between years, presumably due to environmental causes, has had
little discernible effect upon the deviations of the individual lines.

It should be remembered that this control strain was devised primarily as a
standard for a selection programme and not for the purpose of estimating genetic
drift. The results therefore do not form a rigorous test of differences between
@y and Gy,. As can be seen in Table 2, the pooled estimates are much closer to
G, than @, indicating the low accuracy of the latter estimate. With this limita-
tion upon the precision of the results it is, however, noteworthy that in the case
of only one of the eight traits was there evidence of a significant difference be-
tween estimates derived from theoretical expectations of drift, and to that extent
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the existence of genetic drift and expectations concerning its magnitude are
realized.

We are grateful to Professor J.C. Bowman for his advice at the planning stage of this
investigation and to Dr W. G. Hill for the supply of a computer program to calculate the
inbreeding coefficients. We also acknowledge the contribution by the staff of the poultry
unit at the Agricultural Research Institute who assisted in the collection of the data.
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