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STELLINGEN

'I

De genetische variabiliteit in de vorm van de groeicurve is gering.

Dit proefschrift -

I
Als oorzaak voor het optreden van asymmetrie in selektieresponse bij de selektie
op gewicht in divergerende lijnen moet het gecorreleerde effekt op de ‘maturity
rate’ worden toegevoegd.

FaLconEr, D. 8.: Introduction to quantitative genetics,
Oliver and Boyd, Edinburgh and London. 1960
Dit proefsch.nft

I
De *voederefficiéntie’ is een inadequate parameter om de efficiéntie van de eiwit-
aanzet te omschrijven.

Dit proefschrift,

v
TiMON et al. veronderstellen ten onrechte, dat de constante a in de formule M=
aW#, die wordt gebruikt om de onderhoudsbehoefie van muizen te berekenen,
dezelfde is in hun verschillende selektielijnen.

TmvonN, V. M., E. J. F1siN and J. M. LEATHERWo0OD : Comparison
of ad libitum and restricted feeding of mice selected and un-
selected for post weaning gain. II. Carcass composition and
energetic efficiency.

Genetics 65 (1970): 145-155.

v
Door selektie op worpgrootte in de vruchtbaarheidslijn van de afdeling Veeteelt
is het totaal aantal geboren muizen per worp gestegen van 8 tot 121/,. De beteke-
nis van deze resultaten voor de varkensfokkerij moet niet worden overschat.

VI
Uit de door Jensen vermelde correlaties tussen de intelligentiequotiénten van
tweelingen kan worden afgeleid, dat een erfelijkheidsgraad voor intelligentie-
quotiént van 0.80 aanzienlijk is overschat. Dit betekent onder meer dat de con-
clusie van Dt GrRooT omtrent de schaarste aan ‘probleemoplossers’ te somber is.

Jensen, A. R.: How much can we boost IQ and scholastic
achievemment? Harvard Educational Review, 38 (1969} 1-123.
Commissie Ontwikkeling Wetenschappelijk Onderwijs:

Selektie voor en in het hoger onderwus Staatsyitgeverij.
*s-Gravenhage. 1972, )



VII
Bij de Gemeenschappelijke Informatieverwerking voor de Rundveehouderij
dient een zodtechnicus in dienst te zijn om de verzamelde gegevens te evalueren.

VIIX
Te betreuren valt, dat steeds meer wetenschappelijke onderzoekers de statisti-
sche bewerking van hun gegevens niet overzien en derhalve geen verantwoorde-
lijkheid voor deze bewerking mogen aanvaarden.

IX
Als de zo&technische vakgroepen worden samengevoegd, zal dit het onderwijs
in de richting N 20 ten goede komen.

X
De viering.van het vierde lustrum van de nieuwbouwplannen voor het Veeteelt-
complex dient op gepaste wijze plaats te vinden.

H. BAKKER
Wageningen, 12 juni 1974
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I INTRODUCTION

The value of an animal for meat production is determined. by its growth rate,
feed conversion and slaughter quality. Growth rate is most important for the
economy of meat production because feed costs and most of the fixed costs
decrease with increasing growth rate. As weight increases storage of fat must be
kept to a minimum, otherwise it will negatively influence efficiency of growth
and the price per kilogram product. The combination of a high growth rate and a
limited fat storage can be seen in the first part of a growth curve, For instance
Cip 1971 reported that the slaughter weight in pigs (100 kg) is near the inflexion
point. This is the point of the growth curve where the increasing growth rate
changes over to a decrease in growth rate. The inflexion point for laboratory
and farm animals occurs when about 30 percent of mature weight is reached
{BraoDy 1945). 7

The growth rate can be increased by improving the environmental influences
like quantity of feed, feed composition, housing etc., and by improving the
genotypic value for growth by selection and crossbreeding. In this study no
special attention will be paid to environmental effects. The heterosis for post-
weaning growth in pigs (FREDEEN 1957, SKARMAN 1965) and in beef cattle
(GALL 1969) can be neglected. Thus breeding systems based on the utilisation of
heterosis will not be discussed. Selection for growth rate may be successful.
FALCONER 1960a reported heritabilities for growth of 0.20-0.40 in several spe-
cies. An increasing mature weight is a correlated effect of selection for growth
rate (BRINKS et al. 1964, TAYLOR 1968). BICHARD 1968 pointed out the following
consequences of this increasing mature weight:

— an increase of the maintenance costs of the breeding stock;
— a delayed sexual maturity. The breeding stock can not be mated until later.

This means an increase of the costs per breeding animal.

These points restrict the advantage of an increased growth rate. The early
growth rate must be increased without or with a restricted change of mature
weight, The necessity of a change in the growth curve in this way, is extensively
discussed.

The limited possibilities of this change were demonstrated by TAyLOR and
Crarg 1965. BicuarD 1968 concluded: ‘Genetic flexibility of the mean growth
curve and the mean body proportions is not very great’. BRoDY 1945 and
TAYLOR 1968 also pointed this out. In contrast to these remarks are the results
of ABLANALP et al. 1963 who demonstrated genetic differences in growth curves
of selection lines of turkeys and those of LAlRD and Howarp 1967 who showed
similar differences in inbred lines of mice,

The aim of my study was to examine the effects of selection for early growth
rate by means of the relative growth rate between 21 and 29 days and for weight
at 56 days of age as an estimate of mature weight.

Relative growth rate (RG) is defined as weight gain during a given time-

Meded, Landbouwhogeschool Wageningen 74-8 (1974) i



interval divided by the average bodyweight in this interval (BroDY 1945). This

parameter RG is an estimate for the rate of weight change and does not auto-

matically include 2 high correlated change in mature weight. Besides this, RG
may be seen as a parameter for maturity rate. Maturity rate at age ¢ is defined
as the percentage of mature weight that is reached at age ¢+ (FiTzHUGH and

TayLor 1971). Differences in weight at 56 days (W56D) are indications of

differences in mature weight (ROBERTS 1961). Selection for W36D has the ad-

vantage over selection for mature weight, that the generation interval is strongly
reduced and that only the selected animals have 1o be mated.

Out of one base population a control line C and four selection lines were
started. In these lines, selection was made for a high and a low relative growth
rate between 21 and 29 days (RGH and RGL) and for a high and a low body-
weight at 56 days (W56H and W56L). Attention was paid to:

— Direct results of the applied selection during 14 generations.

— Comparison of line and sex differences in parameters of functions which
describe the growth curve in generations 6-14.

—~ Analysis of the composition of weight increase and energy efficiency, based
on data of growth rate, feed intake and carcass composition between 3 and
15 weeks of age in generation [1 of all lines.

This report was divided according to these 3 investigations. In Chapter II
only literature on general aspects of growth and development is presented. The
literature directly connected to each of the three investigations is described in
the relevant chapter. The consequences of the selection for RG and W56D will
be discussed in Chapter VI.
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II GENERAL LITERATURE ON GROWTH
AND DEVELOPMENT

Growth rate and weight for age are parameters that are often estimated in
animal production research. With these parameters all kinds of influences may
be estimated. There have been many sclection experiments for growth rate or
for weight under practical and laboratory conditions (RopmNsoN and BRADFORD
1969). RoBERTS 1965 stated that so much research on weight has been done with
laboratory animals, because of its economic importance in animal production
and the ease of bodyweight estimation.

According to DickeERsoN 1970 the economic results in meat production are
determined by: )

— Costs of producing the slaughter animals. These are influenced by the costs
of maintenance of the breeding stock and the number of offspring per animal
per year.

~ Costs and returns of realised weight increment of the slaughter animals. If
these animals are slaughtered at fixed weight, the ratio of returns to costs per
animal is determined by:

v-P/[DI+ D(BF, + F,) + S]

in which:

V- = value per unit liveweight

P = livewsight of meat animal when marketed

days from weaning to market weight

average fixed costs/animal/day

B = average post-weaning metabolic body size for individual
F,= average maintenance feed costsfanimal-day for population
F,= average feed costs above maintenance/day for individual
S = fixed costs/slaughter animal.

~
I

From this ratio it follows, that almost all costs are directly proportional to
the number of days, so inverscly proportional to the growth rate.

Weight increment is quantitative and qualitative. The well-known definition
by Bropy 1945, ‘growth may be defined as a relatively irreversible time change
in magnitude of the measured dimension or function’, is only quantitative. As
the proportions of the different tissues in the body change with aging (CurTis
1969), growth is also qualitative. DOORNENBAL 1971 called this qualitative aspect
development. It may defined as ‘the directive coordination of diverse processes
in an adult’ (BropY 1945); NEeDHAM 1964 defined this adult stage as organised
heterogenity. The composition of the weight increment is of importance for the
economy of meat production, because it changes with aging and determines the
energy efficiency of weight increment and price per kilogram product (ROBINSON
and BraDrorD 1969, DICKERSON 1970).
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2.1 DESCRIPTION OF GROWTH RATE

The growth curve may be represented in various ways. In Figure 2.1 it is
presented by the absolute growth rate, the relative growth rate and the cumula-
tive growth rate in time.

The cumulative growth curve is the curve of weight against time. The shape of
the curve is sigmoid. After a phase of increasing growth rate, called the sel-
accelerating phase by Bropy 1945, the weight increment per unit of time de-
creases (self-inhibiting phase) until the increment becomes zero and mature
weight is reached. The transition point between the two phases is called in-
flexion point. This point has some physiological significance, because it occurs
at the age of puberty (BroDY 1945, MONTEIRO and FALCONER 1966).

The absolute growth rate may be defined as the weight increment per unit of
time;

(Wo—W)f(t2—1)
in which (W,—W,) is the weight increment in time interval (¢;,—¢,). This for-
mula represents the average absolute growth rate, It is only a good representa-
tion of the real instantaneous growth rate, if it is estimated in short intervals.

A mathematical representation of the instantaneous absolute growth rate at age
t is dw/dt.

g.and %

----------
e
""""
Ll

absclute growth rate

— ———relative growth rate-

_____ cumulative growth rate

-~
~——.
-—
e —

days

Fig. 2.1, The relation between absolute, relative and cumulative growth rate
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The relative growth rate is defined by BRoDY 1945 separately for the phase of
self-accelerating and of self-inhibiting growth. Before the inflexion point it is
defined as the absolute growth rate divided by the actual weight

— (dwjdt)| W

k = relative growth rate.
The value of k£ may be found from

k= [(Wz— W —t) . (W, + W1)]
or k = (InW,—inW,){(t,—1;)

If the change in % is not linear between ¢, and #,, this estimate gives only a poor
representation of the real values of k between ¢, and #,.

After the inflexion point, refative growth rate is defined as the absolute growth
rate divided by the weight increment (4—W) in which A is mature weight -

= (dw/dt)[(A—W)
This relative growth rate past the inflexion point may be calculated as:
~k = [(Wz*‘W1)/(té—f1)]/[A_l/2 (W, + Wy ]
The values of k before and after the inflexion point are different and of epposite
sign,

Cumulative growth curves are often described by mathematical growth func-
tions. Sometimes a biological significance is given to the parameters in the
function, By changes in parameters, environmental and genetic influences may
be evaluated. The most well-known functions are:

— the monomolecular (WEINBACH 1941, BRODY 1945). This function gives a
separate description of growth before and after the inflexion point

— the logistic function or autocatalytic. Firstly used to describe the growth of
populations, but later often applied to describe growth of an organism

(Ruopes 1940, NAIR 1954, CArRMON 1965, MONTEIRO and FALCONER 1966,

TrMoN 1968, TmoN and EiseN 1969, EISEN et al. 1969).

— the Bertalanffy function (BERTALANFFY 1957, 1960, FABENs 1965, GALL and

K.YLE 1968). This function is based on growth as the difference between ana-

bolism and catabolism.
- the Gompertz function used by LAIRD et al. 1965, LAIRD and Howarp 1967

and KipweLr and HOWARD 1969,
RicHARDS 1959 has shown that these four functions are each a special case
of a general family of growth curves which differ primarily in the proport]on
of mature weight at which the inflection point occurs.
~ the growth curve may also be described by orthogonal polynomials (WisHART
1938, Rao 1958, KioweLL and HOwWARD 1970). In these functions the para-
meters have no biological significance.
All these formulae describe the growth curve without taking into account the
quantity of feed or energy intake.
Braxter 1968 and Parks 1971, 1972 have developed formulae in which
weight at a given age is also a function of feed or energy intake until that age.
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2.2 REGULATION OF GROWTH RATE

An individual grows during postnatal life by taking in more nutrients than it
requires to maintain its body mass. GALL 1969 and PARKS 1972 also considered
growth as a resultant of input and output of mass or energy by an individual at
moment 7. BLAXTER 1968 and Parks 1972 related feed intake, growth rate and
age. BLAXTER 1968 supposed that the quantity of feed intake and the feed
composition are the most important factors determining growth rate. Hence
the regulation of growth rate has to be seen in relation to regulation of feed
intake.

The regulation of feed intake in ad libitum feeding is firstly a negative feed-
back system of energy intake (BAUMGARDT 1969). Secondly specific characteris-
tics of feed such as taste, smell, composition, temperature and the feeding
system are of importance. Feed intake via energy is regulated by the amount of
energy that is necessary for maintenance and production. In a young animal,
weight increment is mainly an increase of skeletal and muscle tissue with some
associated essential fatty tissue, If the animal has more productive energy avail-
able than can be utilized for these types of growth, then it will store the surplus
as additional fatty tissue. The ratio of quantity of energy stored in muscle tissue
to that in fatty tissue changes with aging in favour of fat tissue (BICHARD 1968,
CurTIs 1969).

Only if feed is limited or its composition is suboptimum, there is a negative
influence of feed on growth rate (BLAXTER 1968).

2.3 CHANGE OF GROWTH CURVE

Many scientists, for instance BRINKS et al. 1964, Tavror and CraiG 1965,
TAYLOR 1968, have reported a high positive genetic correlation between weights
of an animal at different life stages. It is often concluded from these high positive
genctic correlations that weight in different stages is influenced by the same
genes. This means that selection for a high growth rate involves an increase of
mature weight (TAYLOR 1968). According to BICHARD 1968, animals that are
heavier when mature have a larger appetite, grow faster and more efficiently.
But as has been pointed out, an increase of mature weight in the breeding stock
involves an increase of costs (BICHARD 1968, DickersoN 1970), Hence for
breeding a high growth rate and a constant, or limited change in, mature weight
and early sexual maturity are the desired characteristics (D1cKERsoN 1970). This
combination in meat production may be achieved by:

- crossing of males from a fast-growing line or breed with females of a small

fertile line or breed (SmitH 1964, MoAv 1966a, b, ¢, MoAv and HILL 1966,
BAKKER et al. 1974a). The disadvantage is that several lines or breeds have to be
maintained and that the lower growth rate of the dam population will be in-
troduced in the slaughter animals.

~ changing the growth curve by means of selection (BICHARD 1968, TAYLOR
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1968, DickersoN 1970). As the genetic correlations are high, the possibilitics
are restricted (BrRoby 1945, TayLor and CrAIG 1965, BICHARD 1968, TAYLOR
1968). However the vesults of ABLANALP et al. 1963, with turkeys, and LARD
and Howarp 1967 and McCarTHY 1971 with mice showed some genetic
variance in the shape of the curve.
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Il SELECTION FOR PARAMETERS OF THE
GROWTH CURVE ‘

Growth curves may differ in mature weight (level) and in time taken to reach
maturity (speed). This chapter describes the direct results of selection for para-
meters which represent level and speed of the growth curve.

Lines are started to select for high and low speed and for high and low level
of the curve. Relative growth rate before the inflexion point is used as a para-
meter for speed, W56D is used for the level of the growth curve. The direct
results are describad. Attention is paid to the following correlated characters:

— fitness traits, also in connection with selection intensity;
— tail length as an estimate of changes in size of the skeleton;
— RG and W56D as correlated traits.

3..1 LITERATURE

3.1.1 Selection criteria and selection methods
In the many publications on selection for weight or growth rate in mice there
is considerable variation in selection criteria and selection and mating methods.
In the historic selection experiments of (GOODALE 1938 and Mac ARTHUR
1944, 1949, the selection goal was a high bodyweight at 60 days. In the more
recent experiments selection was for weight at:

— 10 weeks (McCARTHY 1971)

— 8 weeks (TimoN and MoRE O’FERRALL 1966, MORE O’FErrALL and TIMON
1968, 1970)

— 6 weeks (FALCONER 1953, 1955, HuLL 1960, LEGaTES and FARTHING 1962,
Baker and Cockrem 1970)

— 5 weeks (McCARTHY 1971)

— 4} weeks (HuLL 1960, TimMoN and More O’FERRALL 1966)

- 3 weeks (Hurr 1960, Davton and BywaTer 1963)

Selection for growth rate was at the time interval between

— 3-6 weeks (FALCONER 1960°, LEGATES and FARTHING 1962, BRADFORD 1971,
RAHNEFELD et al. 1963)

~ 4-11 weeks (SUTHERLAND et al. 1970)

- 3-5 weeks (BATEMAN 1971)

GoopALE 1938 used a kind of progeny testing, while MAaC ARTHUR 1944,
1949 applied a combination of individual and sib selection. In almost all other
experiments mass or within family selection is applied. The within family selec-
tion in mice experiments was first used by FALCONER 1953. Animals are selected
on their deviation from the litter mean of the same sex. Usually 1 male and
1 female are selected from each family. In a within family selection system of
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full sibs, only 50 % of the genetic variance will be used. However the system has
two important advantages, (ROBERTS 1963):
— It excludes maternal effects on the selection. This simplifies the interpretation
of the results.
- As each family contributes equally to the production of the next generation,
the effective population size will be double the number of parents (FALCONER
1960%). This reduces the inbreeding coefficient and the genetic drift variance.
The system of .within family selection can easily be combined with a mating
system of maximtim avoidance of inbreeding (MAI). These MAT systems have
been described by FALCONER 1967, The necessity to apply within family selection
depends on maternal effects on the selected traits. From experiments of Cox
et al. 1959, YounG et al. 1965, MonTeIRO and FALCONER 1966 and Er. OxsH et
al. 1967, it may be conciuded, that the sum of prenatal and postnatal maternal
effects is about 70 %, of total phenotypic variance in bodyweight between 12 and
21 days. MonTERO and FapcoNer found that the maternal effects increased
until 4 weeks of age. At this age the maternal effects are mostly postnatal. Later
they are very much reduced by compensatory growth, According to MoNTEIRO
and FALCONER, this reduction was 60 %, between 5 and 8 weeks. EL OksH et al.
found that from 6 wecks onwards the genetic influences were a larger percentage
of the total variance than the maternal influences. MoONTEIRO and FALCONER
1966 found the same from 7 weeks on.

3.1.2 Estimation of genetic changes

3.1.2.1 Separation of environmental trends
Genetic changes can only be estimated if they can be separated from environ-
mental changes. In literature some techniques are discussed, which distinguish
these changes (DICKERSON'1969, LEGATES 1971 and HILL 19723, b). The methods
mostly applied in selection experiments with mice are:
— striving for a constant environment in subsequent generations, To this a good
climatization, constant feed composition and housing will contribute
— use of diverging selection lines in the same environment. A disadvantage is that
changes in individual lines and the rate of asymmetry can not be estimated
— use of constant genetic material in subsequent generations. The control popu-
lation is the most well-known example. The size of the control population has
to be large enough to keep genetic change to a minimum. Also a good selection
and mating system can contribute to this.

3.1.2.2 Estimation errors of the selectionresults

Selection experiments must be designed so that resuits can be estimated
accurately. According to HILL 1972a two categories of errors may be distin-
guished in the estimation of genetic change: sampling error and bias.

Sampling error
Random genetic drift and random error determine the variance of estimation
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in genetic change. Random genetic drift is defined by FALCONER 1960a as the
changes of gene frequency resulting from sampling in small populations. The
genetic drift variance is according to DICKERSON 1969:

62 = 62N, o7 = random genetic drift variance
67 = genetic vartance
N, = effective population size.

So genetic drift variance can be restricted by increase of population size. The
genetic drift variance is cumulative with increasing number of gcneratlons
(DickersoN 1969, HiLL 1971, 1972a, b).

Random error variance is the variance of the population mean

g, = 63 f{M &, = random error variance
ap? = phenotypic variance
M = number of independent values on which the

generation mean is estimated.

This variance is not cumulative. HiLL 1971, 1972a, b gives estimations for
total variance and covariances of selection results per generation. However his
approach is limited to a number of assumptions of which the most important
are: *Genetic and environmental variances and covariances remain constant in
each population during the selection program. If there is much inbreeding or
there are genes with a large effect on the quantitative trait under selection,
changes in genetic variance are likely to occur. Therefore the results are pro-
bably of most relevance to experiments of only a few generations duration’.

Bias
Some factors have to be meniioned which cause an overestimation or an
underestimation of genetic change in a given selection procedure:
- natural or unwitting selection in the control line
- change of dominance and epistatic effects; inbreeding effects on the popula-
tion mean are an example of this. These effccts are small in large effective
populations. They can be eliminated if the inbreeding coefficient in selection
lines and control line are equal. This occurs if the effective population size in
selection lines and control line are equal (DICKERSON 1969)

AF = 1/2N, (FaLconsgr 1960a)

- Genotype-environment interaction. The difference in genotype between selec-

tion and control line or between diverging lines increases if the selection is
successful. Thus the genotype-environment effects may increase. If the control
line is descended from a base population other than the selection line, this effect
may also be of importance. The genotype-environment effect as a result of
selection is non-random. It is a part of the genetic change and not of the random
error. Only interactions of genotypic values with random fluctuations in en-
vironment per generation are a part of the non-cumulative random error (g,%)
{DICKERSON 1969).
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3.1.2.3 Estimation of the realised heritability

In general the reaiised heritability is estimated with a method, described by
FALCONER 1960a and RICHARDSON et al. 1968. An estimate is the regression of
cumulative selection response on cumulative selection differential per genera-
tion. HILL 1971 has discussed the disadvantage of this method: the variance of
population mean increases and the generation means are correlated by the
genetic drift,

Hie 1972a compared several ways of estimating the realised heritability:
regression of cumulative selection response on cumulative selection differential
(b.), regression of selection response per generation on selection differential per
gencration (by), ratio of total selection response to total selection differential
(b,), maximum likelihood estimation (m.0.). Estimates with &, and »2.l. had the
smallest vartance.

As the m.l. method could not be used for low values of 42, HiLL 1972a con-
cluded that b, was most advisable. FALCONER 1960a and RICHARDSON et al. 1968
used. the variance of the regression coefficient as an estimate of the realised
heritability.

Suc2 = (5 R? - be X RS)[(n — 2 2 57]

e

5, 2 — estimated variance of regression coefficient

n = number of generations
R, = sclection result in generation §
S; = selection differential in generation i.

This gives an unbiased estimate of a,, if the covariance between the R values
is zero. HiLL 1972a, b indicated that genetic drift may introduce covariances
between the R values. These may cause an underestimation of the variance of the
realised heritability. HILL gave estimations of the variance which take into
account these covariances. However this method is restricted to the assumptions
already mentioned. According to HILL they are usable in selection experiments

of short duration only.
3.1.3 Results of selection for bodyweight and growth rate

3.1.3.1 Realised heritability :
In Table 3.1 a survey is given of the selection experiments for bodyweight and
growth rate, Mentioned are:
— selection criteria
— selection method
— efficiency of selection, expressed as the realised heritability
— pnumber of generations. .
RoBERTS 1965 concluded from a review of literature of selection experiments
on weight that the ‘genetic situation is primarily additive in nature and largely
uncomplicated by intcractions either genetic or environmental’. Large differ-
ences in weight may be brought about by selection. FALCONER 1960a reported a
difference between a small and a large bodyweight line of 16 times the genetic
standard deviation in the base population.
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TaBLE 3.1. Summary of selection experiments for body weight and growth rate.

References Selection Selection h?* gene-
criterion method rations

GOODALE 1938 } L.* weight 60 d. Progeny 0.32 10
WILSON et al. 1971 testing
MACARTHUR 1949 L. weight 60d. Mass - sib. 0.24 7
MoRE O’FERRALL et al. 1970 L. weight 56d. Mass 0.12 12
FALCONER 1953 L. weight 42 d. Within fam. 0.22 11
FALCONER 1953 8. weight 42 d.  Within fam. - 0.49 11
HuLL 1960 L. weight 42d. Within fam. 0.57 5
LEGATES et al. 1962 L. weight 42d. Within fam. 0.13 15
LEGATES et al. 1962 S. weight 42d. Within fam. 042 15
BAKER et al. 1970 L. weight 42d. Mass 0.38 4
HuLL 1960 L. weight 31d, Within fam.  0.44 5
MoRE O'FERRALL ¢t al, 1970 L. weight 31d, Mass —0.17 12
HuLo 1960 L. weight 21d. Within fam. 0.74 5
LEGATES ¢t al. 1562 L. litterweight 12d. Wiihin fam. 0.04 15
LEGATES et al. 1962 S. litterweight 12d, Within fam. 0.I8 15
EISEN 1972 L. litterweiglht 12d. Within fam. 0.11 10
SUTHERLAND et al. 1970 L. growth rate 2877 d. Mass 0.22 9
RAHNEFELD et al. 1963 L. growth rate 21-42 d. Mass 0.24 17
DALTON 1967 L. growth rate 2[1-42 d.  Within fam, 0.22 13
BRADFORD 1971 L. growth rate 21-42d. Mass 0.24 19
FALCONER 19606 L. growth rate 21-42d,  Within fam. 0.26 7
FALCONER 1960b 8. growth rate 21-42 d.  Within fam. 042 7
1 L = large

S = small

'3.1.3.2 Asymmetrical selectionresults
The experiments of, for instance, FALCONER 1953 and LEGATES and FARTHING
1962 (Table 3.1) showed that selection for large bodyweight (large line) was less
efficient than selection for small bodyweight (small line). This was also found in
selection for other traits, for instance litter size (FALCONER 1960a). This asym-
metrical response can be concluded from the difference in realised heritability
between the large and the small line.
FALCONER 1955, 1960a discussed some reasons for this asymmetry
~ unequal selection differentials, caused by differences in natural selection,
fertility or variance. If the comparison is based on realised hentabllmes these
effects are eliminated.
— genetical asymmetry in the base population. This concerns the degree of
dominance and the gene frequencies in the base population
— selection for heterozygotes (dominance) in one of the lines. The selection
results diminish if the gene frequencies approach the genetic equilibrium. If
the selection is for additive genetic values in the opposite line, selection may
continue until fixation occurs
— inbreeding depression. The inbreeding percentage increases during the selec-
tion experiment, especially if the effective population size is small. This con-
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tributes to the asymmetry if the inbreeding depression favours one of the selec-
tion goals
— selection may change maternal effects.

‘Mostly it is difficult to isolate the origins of asymmetrical response (FALCONER
1960a and RoBerTs 1965). The heritability, calculated from -comparison of
relatives is approximately the mean of heritabilities estimated in the divergent
lines (FALCONER 1960a). Thus the predicted selection response of selection for
high production may be larger than the realised response, if the prediction is
based on heritabilities estimated from covariance between relatives.

3.1.3.3 Resulis of long-term selection

The frequency of allels may increase by selection until fixation. In this situa-
tion one may expect the genetic variance to diminish to zero, and continuing or
back selection to be without results, unless new variability occurs by mutation
or crossbreeding (FALCONER 1960a, RoOBERTS 1966a). The selection limit can be
reached without the genetic variance being zero. This occurs if selection is in
favour of heterozygotes or if the natural selection is in equilibrium with artificial
selection (ROBERTS 1966a).

RoBERTs 1966a, b, 1967a, b gave an extensive analysis of the limits of selection

for bodyweight at six weeks, He used the data of MAC ARTHUR 1949, FALCONER

1953, 1960b, FaLcoNer and KinG 1953, RoBERTS stated the following conclu-

sions:

— selection limits are reached in 10-30 generations

— these limits are unstable; back selection is possible

— total response in one direction is 2-6 times the phenotypic standard deviation
or 3—12 times the additive genetic standard deviation.

The conclusions are in good agreement with experiments for other selection
traits: LEGATES and FARTHING 1962 (bodyweight at 42 days), SUTHERLAND et al.
1970 (growth rate in 4-11 weeks), WILSON et al. 1971 (bodyweight at 60 days),
BrADFORD 1971 (growth in 3—6 weeks) and EiseN 1972 (litter weight at 12 days),

The theoretical background of selection limits are discussed by RoBERTSON
1960 and HirL and RoOBERTSON 1966. One of the main conclusions was that the
time to reach the selection limit is related to the effective population size.

3.1.4 Correlated effects of selection for bodyweight and growth rate

Selection for bodyweight or growth rate will cause changes in other traits.
Correlated selection results are described in a number of selection experiments.
FALCONER 1953 estimated a positive genetic correlation between bodyweight at
6 weeks and taillength at this age (0.62 and 0.57). This is in agreement with the
results of Cockrem 1959 and Baker and COCKREM 1970,

MAC ARTHUR 1949 and FALCONER 1953 reported that there were more days
between mating and littering in the first littering in the small line than in the
large line. FALCONER suggested that this could be caused by a longer oestrus
cycle and a higher percentage of matings without fertilization. LAND 1970 and
Braprorp 1971 found that selection for growth rate in 3—6 weeks increased the
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number of ovulated ova. The percentage of pregnancy decreased and prenatal
death increased in the later generations. This may have consequences for the
realised genetic correlation between bodyweight and litter size in continuing
selection for bodyweight. Also FOwLER and EDwARDS 1960 found a variation
in relation between both traits in several selection lines of FALCONER 1953,
1960b. MAC ARTHUR 1949, FALCONER 1953 and RAHNEFELD et al. 1966 found
an increase of litter size after selection for high growth rate and bodyweight and
a decrease in litter size after selection for low growth rate and bodyweight.
However RosirTs 1961 found that in a life-time the total number of young
weaned of the large line was only half that of the small line. The average number
of litters in the large line was 41 and in the small line 11.

Dams in the large line supplied a significantly better prenatal environment for
their young than dams in the small line. The maternal effect, estimated from the
E2-day litter weight, increased in the large line and decreased in the small line
{FaLcoNER 1833, YOUNG et al. 1965, WHITE et al. 1968). FALCONER as well as
WHITE et al. reported a greater change in the small line. According to WHITE et
al. this may be caused by inbreeding depressions on maternal influences.

3.2 MATERIAL AND METHODS

3.2.1 Selection criteria

If absolute growth rate is used as a criterion for speed of the growth curve, a
. large correlated effect in mature weight has to be expected (TAYLOR 1968). How-
ever it is preferable that the covariance of the parameter of the speed of the
growth curve and mature weight is low. BrRopY 1945 concluded that the time
to double the weight before the inflexion point is inversely proportional to the
parameter for the instantaneous relative growth rate (k,)

W, = Ae¢** (BroDy 1945) W, = weight at age ¢
InW,=InA -1 ki A = weight at age 0
t=(in W, — In Dk,

Time to double the weight is:

(ba—1,) = (I 2Wy—In AYfkey—(In Wy—In A)jk,
(lfl ZWI_IH Wl)jkl =In 2/k1 = 0.693/k1

After the inflexion point, the time to halve the difference between mature weight
A and actual weight W, is inversely proportional to the instantaneous relative
growth rate after the inflexion point (k,)

W, = A—Be~** (BrRoODY 1945) B = integration constant
A—W, = Be~F*

n{A—-W) =In B—k,t

t = [In B—In (4~ W)}k,

14 Meded. Landbouwhogeschool Wageningen 74-8 (1974)



Time to halve (A—W,) is:
(t;—1t,) = [in B— i (4—W,) Vkr — [In B— In 2(4—W}) k2
= {In 2AA—W)/ky — [In (A—W) ]k,
= In 2/k, = 0.693/k,

The values of k; and k, are different and of opposite sign,

From these deductions it follows that the speed of the growth curve can be
described by the parameters k. Hence the relative growth rate is chosen as a
criterion for speed of the curve. The relative growth before the point of inflexion
is chosen, as the growth in this period is of most economic importance in meat
production. The relative growth rate is estimated as;

RG = [(W,—W)Kt,—1)]/ (W, + wi2]
of RG = (In Wy—in W)i(t,—1y)

W, = weight at age ¢,

W, = weight at age #,

Preliminary investigations, with daily weight estimations in the base population,
showed that the point of inflexion in this population occurred at an age of 29-30
days. This agrees with results of FowLEr 1958 and MoNTEIRC and FALCONER
1966. This investigation also showed that the variation in RG was maximum
between 21 and 29 days. FowLER 1958 found the differences in relative growth
rate between lines selected for bodyweight to be maximum between weaning
and 30 days.

Therefore RG is determined as the average relative growth rate in the age
interval of 21 and 29 days.

RG = [(W29D—W21D)8/[(W29D + W2iD)j2]- 100
So RG is expressed in percentages.

Mature weight might be the best criterion to select for level of the growth
curve. But mature weight, defined as the weight after which no further weight
increase occurs, will not be reached before 26-52 weeks (RoBERTS 1961). One
of the reasons is, that after the completion of skeletal and muscle tissue, fat
growth is almost linear (CURTIS 1969). So mature weight as a selection criterion
has two main disadvantages:

— the breeding animals become infertile
— generation interval increases considerably.

One can select for mature weight by indirect selection for weight at a younger
age, because the correlations between weights at an older age are very high
(TAayLor 1968). ROBERTS 1961 concluded that ‘the proportional differences
between the large and the small stocks are substantially the same at six weeks
and at mature weight’, and that the same genetic system controls both six weeks
and mature weight.

As mating of mice, in our experiments, took place directly after the age of
8 weeks, bodyweight at 8 weeks was chosen as the selection criterion for level of
the growth curve.
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3.2.2 Breeding stocks

In 1968, the basc population came from the Swiss random bred population
(Cpb:SE) of the Central Institute for the Breeding of Laboratory Animals TNO
(CPB) at Zeist. This population was kept under specific pathogen free (SPF)
conditions. The history of this population is described in a CPB report (CPB
1967). The effective population size at CPB was about 10,000.

The base population (55 males and 55 females) was chosen from the whole
stock in Zeist. Only one animal per litter was sampled. The mice were housed
individually, Between 18 and 61 days of age the weight and feed intake were
estimated daily (MINNAARD 1970). At an age of 61 days, 55 pairs were mated at
random. From the offspring of these matings the parents of the first generation
of control and selection lines were chosen at random. These lines were:

a control line (C);

a line selected for high RG between 21-29 days (RGH);
a line selected for low RG between 21-29 days (RGL);
a ling selected for high W56 (W36H);

a line selected for low W56D (WS56L).

!

Only first litters were used.

In the control line 16 pairs were mated per generation. From each litter 1 male
and 1 female wete chosen at random. Also in RGH and RGL 16 pairs were
mated. In these lines a system of within family selection was applied, because
maternal effects on RG were expected to be of importance at 21-29 days. Per
litter the male and female that showed the most deviation from the fullsib
family mean per sex were selected. In W56H and W56L mass selection was
applied, because it was assumed that the maternal effects on bodyweight were
very much reduced at 8 weeks. This assumption is confirmed by the results of
Cox et al. 1959, YOUNG ¢t al. 1965, MONTEIRO 2nd FALCONER 1966 and EL OxsH
et al. 1967. BEL OxsH et al. concluded, that from 6 weeks onwards genetic effects
were of more importance than the total maternal effects. MoNTEIRO and
FALCONER 1966 found the same from 7 weeks onwards. In these lines the 32 fe-
males and the 16 males that showed most deviation from the population mean
were chosen. The only restriction was that not more than 3 mice per sex were
selected from a litter. :

The results of these selection methods can be predicted (FALCONER 1960a).
Within family selection:

I

R, = i*ap-h*1[,4/(n—1)/[m(1—1)]
R,, = selection response per generation
i selection intensity

op. = phenotypic variation

k%2 = heritability

n - = family size

¢ == intraclass correlation
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TABLE 3.2. Mating system in lines C, RGH and RGL.

Mice in generation

n+1 n
Litternumber Litternumber
female male
1 = 1 " 2
2 = 3 *® 4
3 = 5 * [
4 = 7 * 8
5 = 9 * 10
6 = 11 * 12
7 = 13 * 14
8 = 15 * I6
9 = 2 * 1
10 = 4 * 3
1 = a * 5
12 = 8 » 7
13 = 10 * 9
14 = 12 * 1
15 = 14 ¥ 13
16 = 16 * 15

Mass selection:
R =ioph?

In C, RGH and RGL lines, a mating system of maximum avoidance of in-
breeding was applied (FALCONER 1967). The scheme is presented in Table 3.2.
Two mice extra were selected from a reciprocal mating in the scheme when a
mated pair did not produce offspring or the litter died. If it was impossible to
choose them in the reciprocal mating, the mice were selected from the most un-
related pair. This occurred very rarely. It is clear that this reduced selection

intensity very much.
In C, RGH and RGL lines, the inbreeding coefficient could be predicted from:

AF = 1/2Ne Ne = 4N/(2 + o,*) (FALCONER 1960a)
AF = inbreeding coéfficient

Ne = effective population size

N = number of parents

5,2 = variance of family size

If the complete mating scheme of Table 3.2 could be realised, then

6.2 = 0 and Ne = 64
AF — 1/128 = 0.78 % per generation.

In W56H and W56L the mice were mated in a harem system of 1 male and
2 females. Matings were at random with avoidance of fullsib and halfsib matings.
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If it is assumed that there is a Poisson distribution of family sizé and all
matings are fertile, then the inbreeding coeflicient can be predicted:

AF = 1{2Ne
[/Ne = 1/(ANf)+ 1{(4Nm) Nf = number of females
Nm = number of males
AF = 1/(8Nf)+ 1/(8Nm)
= 1.179% per generation

AF is overestimated because complete random mating is assumed in the predic-
tion.

3.2.3 Experimental conditions

During the 14 generations of selection the conditions were as follows:
temperature : 22 4+ 1°C,

ventilation : 10 times room volume per hour,

daylength  : kept at 12 hours,

feeding : ad libitum pellets (Hope Farms RMH-B 10 mm),

tap water  : ad libitum,

relative humidity: not controlled.

Mating was as soon as possible after the age of 8 weeks. As mating was always
on Tuesday, not more than 10%, of litters were born at the weekends. This was
of much importance because the weights were always estimated at fixed ages.
The males were left with the females for 17 days. As a consequence the genera-
tions in the 5 lines were synchronized. Identification was by toe-cutting. From
12 days onwards the young had the opporiunity to take pellets from the bedding.
After weaning at 21 days, the mice were raised in groups of four per cage of the
Same §ex. .

Housing was in Makrolon cages type Hulskamp-Komeco MAK 180, with
sterilized sawdust ag bedding. Management was always done by the same two
persons.

3.2.4 Data

In 14 generations in each line, the following observations were made:
— boedyweight at 21 (W21D), 29 (W25D), 42 (W42D) and 56 (W56D) days
— tail length at 56 days
— litter size estimated within 24 hours after birth
— number of males and females weaned at 21 days
- number of days between mating and littering.

Deduced from these observations were:
— RG between 21 and 29 days
— survival percentages between 0 and 56 days.

The accuracy of weight and tail length estimations has been published else-
where (BAKKER et al. 1974b). One of the conclusions was that the measurement
error for weight and tail length was under 1% of the mean.
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3.2.5 Methods

Firstly the mean and standard deviations of a number of traits were estimated
by combining the data from the first generations of the 5 lines. The distributions
of the selected traits RG and W56D were described. Sex and litter effects on
these traits were quantified and the correlation coefficients between traits were
estimated.

In the analysis of the selection resuits attention was paid to the changes in the
control line, Regression coefficients of means on generation number were esti-
mated to investigate whether a systematic change, for instance by increasing in-
breeding depression or change in environment, occurred,

Changes in mean value of the selection criteria RG and W36D were evaluated
in RGH, RGIL, W56H and W56L. These values per generation were expressed
as deviations from the control. The realised heritabilities were calculated for RG
and W56D from the regression of cumulative selection response on cumulative
selection differential. Calculations were made in individual selection lines with
mean values expressed as deviations from the control and in diverging selection
lines. The coefficients of regression were forced through the origin, as the differ-
ences between the lines in the base population were zero per definition,

The standard deviation of the realised heritability estimates were calculated
as the standard deviation of the regression coefficient according to FALCONER
1960a and RicHARDSON et al. 1968, HiLL 1972a, b suggested that these values
might be underestimated because there was a covariance between selection
responses in the subsequent generations. The method of the standard deviation
of the regression coefficient was preferred, as the selection was long-term
(14 generations), while the methods suggested by HiLL are for short-term selec-

tion experiments only.
Finally the changes in tail length and fitness traits were estimated.

3.3 RESULTS

3.3.1 Results in the base population
An exact description of the base population was necessary, because the evalu-

ation of the results of the selection was based upon the changes in the selection
lines, compared to the base population.

In the first generation of the 5 lines, all data, except the data of the fertility
characters, were obtained from unselected mice. Thus the data of the mice of all
5 lines could be united, so that the analysis could be based upon a large number
of observations. The material consisted of data of 466 females and of 494 males,
born in 99 litters.

The following data were involved in the analysis:

— the weights at 21, 29, 42 and 56 days

the tail length at 56 days

the relative growth rate (RG)

the growth per day between 21-29 (P,), 29-42 (P,) and 42-56 (P3) days
the size of the litter in which the mice were born.

i
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3.3.1.1 Means and standard deviations per sex

The averages and standard deviations of the traits are presented in Table 3.3.
The sex differences were tested with Student’s t-test. The sex differences in
weight were not significant at 21 days. At 29, 42 and 56 days, however, signifi-
cant sex differences in weight occurred. This is illustrated in Figure 3.1. The
vertical lines represent plus or minus one standard deviation about the average
at the age concerned. Also in the relative growth, the absolute growth and the
tail length significant differences occurred.

From the significant sex effect on traits it was concluded, that the 1esults of
both sexes could not be combined. Therefore the further analysis was done
separately by sex. The coefficient of variation in W56D is 10.20 % for the females
and 9.09 % for the males. For the RG the coefficients of variation were 20.71 %
and 13.51%,.

3.3.1.2 Frequency distributions and normality tests

To give an impression of the distribution of the traits which wete selected for,
the frequency distributions were made for W56D (Fig. 3.2) and for RG
(Fig. 3.3). In Table 3.4, the normality tests of Fisher (DE JONGE 1964), on devia-
tions of the normal distribution, were given. In general the distributions had
some skewness to the right, except for the RG of the males. This deviation by the
males was caused by some extremely low RG values, These extremes were
qualified by the test of Doornbos (DE JoNGE 1964) as outliers. Without these
outliers this distribution had a skewness to the right too. Also there was a
tendency towards too pointed distributions. This was small or even absent in

35,
30}
25|
201

16¢

a ) 1 4
21 28 42 56
’ days

Fi1G. 3.1. Means and standard deviations of weights in the base population, by sex
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TaBLE 3.3. Means and standard deviations of traits in the first generation of each line by sex,

466 99 494 33 t-test
Character % s X S
W21D 10.49 2.04 10.59 2.00 n.s.
W29D 17.22 2,22 20.16 2.99 bl
W42D 21.50 2.13 27.61 2.48 Rk
Wi6D 23.52 2.40 31.02 2.82 ik
RG 6.18 1.28 7.84 1.06 ok
Taillength 9.55 0.18 10.10 0.44 **h
Littersize dam 10,18 2.28 10.47 2,29 .s.
Growth P1 0.84 Q.14 1.19 0.20 #EE
Growth P2 0.33 0.12 0.57 0.15 HEk
Growth P3 0.15 0.09 0.24 0.11 Hokk
Growth total 0.37 0.06 0.58 0.07 hidd
n.s. = not significant
*#k — p<{0.005
Number
[}

n.466

X .23.52

s - 2,40

a7 41 WBED (g)

60

404

20

017 . 2I1 2‘5 28 33 a7 41 WseD (g)

FiG. 3.2. The frequency distribution of W56D, by sex

W56D. However in RG, especially for the males, the tendency was quite clear.
It was not possible to give the cause of the deviation. Natural selection against
extreme small mice at an early age might have caused the skewness to the right.
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Number
160

120

na.466
X . 6.18

80 5. 1.28

40

12 AG (%)

1on

- 404
. 7.84
- 1,08

0 o3

80

40

Olice

1 2 4 < 8 10 12 RG (%)

Fi1c. 3.3. The frequency distribution of RG, by sex

Tasik 3.4. Normality test of the distributions of RG and W36D,

Skewness (G, Kurtosis (G;)*

xR 33 g 43
Ws6D Gy = 0.43%* Gy = 0.21% G, = 0.57F G; = —0.32"
RG Gy = 0.32%+* Gy = —0.93* G, = 0,92%% G, =  6.68%%

1 Normality tests of Fisher (Dt JONGE 1964)
n.s. = not significant

* = p<0.05

o= p0.01

Unfavourable maternal effects could have contributed to this. To explain the
cause for the deviations in RG was impractical, because of the sex differences
in G values. As the distributions were never very asymimnetrical or had more

than one point, it was not necessary to apply parameter-free methods of analysis
{(De JonGE 1964).

3.3.1.3 Litter influence on the traits .
To evaluate how the values of the same traijts estimated on litter mates, were
correlated analysis of variance was done to calenlate the litter influence.

22 Meded. Landbouwhogeschool Wageningen 74-8 (1974)



TABLE 3.5. Analysis of variance to estimate litfer influence on the traits.

Females Males
Between Within Total F Between Within Total F
98 98

d.f. 93 363 461 363 o8 391 489 391
Characters
W21D 16.97 0.58 406 29.30 16.30 0.68 381 2447
W29D 1746 150 480  11.66 34.13 2.34 8.71 14,59
Wa2D 13.55 204 4.49 6.63 18.65 2.79 597 6.69
W36D 1505 3.16 5.68 4.77 22.91 3.94 7.74 5.81
RG 6.25 037 1.61  17.10 3.61 0.48 1.10 7.55
Taillength 043 0.07 0.14 6.25 0.68 0.08 0.20 8.57
Litter size dam 2401 - 5.11 - 24.80 - 4.97 -
Growth Py 381 063 1.31 6.04 6.99 1.18 2.34 593
Growth P; 549 143 229 3.84 9.67 1.93 3.49 5.00
Growth P, 237 134 1.56 1.77 4.05 1.82 2,27 2.23
Growth total 11.89  2.66 4.62 4.47 13.88 3.29 541 4.22

All F values: significant p=<0.005

This litter influence consists of:
— adeviation of the average of the additive genetic value of the parents from the

population mean
~ non-additive genetic effects by specific interaction (dominance and epistatic)
- maternal effects, partially determined genetically
— influences of the litter itself, for instance the litter size.

The last two points can determine most of the variance, especially in traits
observed about at the age of weaning. With these data the different sources of
litter influences could not be calculated. An impression could be obtained from
the ratio of the between litter variance to the within litter variance. In Table 3.5,
the analysis of variance of the same traits as mentioned in Table 3.3 is presented.
The analyses were done per sex. All F values mentioned in Table 3.5 (except, of
course, of the litter size of the mother) were significant (p <0.005). The F values
for the weights decreased with increasing age. This was true both for the females
and the males. Probably because of the compensatory growth after the weaning,
the variation by maternal influences and litter size was reduced. The same was
true for the growth in the successive periods. If we assume that the genetic in-
fuence is a relative constant, maternal and litter size influences were decreased
markedly at 56 days. In view of the age span, it might be assumed that maternal
and litter size influences on RG were of importance too.

3.3.1.4 Correlations between the traits
Maternal and litter effects may have an important influence on the pheno-

typic correlations, especially between traits, observed before or immediately
after weaning. By calculating the correlations within litters, these systematic
environmental effects were excluded. However by doing this the genetic co-
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variance between the litter means of the traits were eliminated too. The correla-
tions calculated within litters and the totai correlations were estimated per sex,
The within litter correlations are presented in Table 3.6. Table 3.7 gives the total
correlations per sex. The correlations were tested for significance with p<0.05
and p<0.01. From Table 3.6 it follows that in general there were only small sex
differences in the correlations. The same was true for the total correlations
between most traits (Table 3.7). However there were striking sex differences in
the correlations of the growth between 21 and 29 days with the other fraits. A
possible explanation might be that compensatory growth began later in the
males. Correlations between the weights at different ages were significantly
positive (p<0.01). The correlations increased with decreasing time-intervals.
Total correlations between weights and RG were all significantly negative
(p=0.01). The within litter correlation, calculated between RG and W211 were
significantly positive (p<0.01) and between RG and W29D significantly
negative (p<0.01). In both cases there was auto-correlation. The correlations
of RG with W42D and W356D were positive, but low. In the last case the correla-
tion was not significant in the males; in the females significant for p<0.05. The
correlation between the tail length and the weights was significantly positive
{p=<0.01). There was no significant correlation between tail length and RG. The
total correlations of the litter size of the mother were all significantly negative
with the weight and positive with the RG (p<0.01). As mentioned before non-
genetic correlations are of importance in this. The correlation berween the
growth in the succeeding periods was mostly negative and low.

3.3.2 Selection response

The results of the selection can be estimated from the modifications in popu-
lation means in the succeeding generations of selection. The generation means of
RG in the C, RGH and RGL lines are presented in Table 3.8. Table 3.9 shows
the generation means of W56D in C, W36H and W56L lines, In these tables, the
standard deviations and the numbers of observations are mentioned too. The
averages were calculated as unweighted means of the means per sex. The stan-
dard deviation was calculated from the within sex variance:

(n,— 1)y 4 (n;—1s,?

Sd =

(ny + 1, —2)
1, = number of fernales 5,2 = variance in the females
n, = number of males 8,% = variance in the males.

In figures 3.4 and 3.5, the average RG and average W36D per generation in
the control line C are presented graphically. The regression coefficient of the
average on the generation number was negative both for the relative growth and
the weight, This tendency was significant (7 <0.05) for the relative growth, while
the regression coefficient for the weight was not significant. The graph of the
average relative growth per generation in RGH and RGL is given in Figure 3.6.
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TaBLE 3.8, Means and standard deviations of relative growth by generation in C, RGH and
RGL.

Control RGH RGL
Generation n b4 8 n % s n X s
0 140 .62 0.95 140 7.62 0.95 140 7.62 0,55
1 144 6.90 1.10 140 7.57 1.36 140 6.92 1.32
2 138 6.58 1.08 126 6.50 1.47 134 6.44 0,98
3 122 6.35 1.24 123 6.21 0.65 141 6.86 (.80
4 133 6.48 1.63 84 6.26 1.45 137 6.19 1.20
5 %1 6.36 1.30 78 6.37 1.15 74 6.20 1.06
[ 127 7.27 0.82 121 6.56 0.90 96 6.43 1.07
7 114 6.43 0.92 88 711 1.20 101 6.48 1.00
8 73 6.25 1.09 75 6.35 1.12 91 6.18 1.34
9 98 6.73 1.38 107 6.69 1.12 92 6.11 1.26
10 125 6.60 1.50 69 6.57 0.94 102 5.94 1.12
11 129 6.00 1.15 126 6.52 1.37 113 5.32 0.93
12 93 5.40 1.70 86 6.08 0.87 132 5.14 1.08
13 107 5.78 0.87 116 6.71 1.15 i19 5.35 1.29
14 110 6.37 0.97 130 6.59 1.27 117 4.86 1.04

TaBLE 3.9. Means and standard deviations of bedyweight at 56 days by generation in C,
W56H and W56L.

Control W56H W36L
Generation n ® s n X 5 n b4 s
0 140 2653 276 140 26,53 276 140 2653 276
1 144 2761 225 322 2725 24 214 2727 265
2 138 2703  3.08 239 2985 291 247 2590 2.51
3 122 2640  3.35 261 29.14 263 184 24.61 2.21
4 133 2746 254 239 3056 291 236 2346 236
5 91 2747 270 217 3215 321 155 21,15  2.60
6 127 2693 234 179 3374 330 169 2115 254
7 114 2754 258 167 3458 345 141 2022 226
8 73 2663 3.07 137 3578  31.59 95 1833 245
9 98 2816 293 140 37.02  3.68 141 18.31 2.49
10 125 2642 225 188 37.38 3190 86 1697 241
11 129 2747 242 211 3822 3.63 121 17.80 244
12 93 2657 241 232 3728 464 151 1548 235
13 107 25.85 236 115 4144 392 64 15.18 1.93
14 110 2464 247 223 3752 138 114 1592 277

The averages were expressed as deviations from the control line, to exclude
systematic environmental influences. The regression coefficient of the average
RG on the generation number was in RGH 0.03 4 0.01 (<0.05). In RGL the
regression coefficient was —0.06 - 0.01 (»<0.01).

Figure 3.7 shows average bodyweights at 56 days in W56H and W56L.. The
values were also expressed as deviations from the control line. The regression
coefficient of the average on the generation number was 0.99 + 0.05 in W56
and —0.88 - 0.05 in W56L (both significant p<0.01).
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Fia. 3.5. Average bodyweight at 56 days in the control line

In the Tables 3,10 and 3.11 the changes in means and standard deviations for
generations are given. There was no significant trend in the variation of the RG
in C, RGH and RGL lines. The variation in W56D did not change significantly
in C and WS56L, but there was a significant increase of the variation (p<0.01)
in the W36H. ‘
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TaBLE 3.10. Regression coefficients of relative growth generation means and variations on

generation number,

Mean (%) Variation (%)
Control —0.08** + 0.03 0.017 1 0.02
RGH! 0.03* 4+ 0.01 —0.00** £+ 0.01
RGL! ~0.06** £ 0.01 0.01~¢ + 0.0t

1
n.s = not significant
* = p<0.05
** = p<<0.01

Means corrected for deviations in control

Tasre 3.11, Regression coefficients of means and variations of body weight at 56 days on

generation number,

Mean (g) Variation (g}
Conirol —0.09"% 4+ .05 —0.03™5 £ 0.02
WisH?! 0.99% L 0.05 0.10%* 4+ (.02
W36L! —0.88** £+ 0.05 — 0,02 - 0.04

1 Means corrected for deviations in control

n.s = not significant
* = p<0.05
% = p<C0.01

3.3.3 Selection differential

Tables 3.12 and 3.13 summarize the selection differential for RG (C, RGH and
RGL) and W356D (C, W56H and W56L). Unwittingly there was some selection
in the control line both for the relative growth and the weight, This might be
explained by deviations in the random choice. On an average the selection

TABLE 3.12. Selection differential in relative growth by generation in C, RGH and RGL.

Generation C RGH RGL
1 ~0.09% 0.43Y% -077%
2 0.22 0.42 —0.69
3 —0.25 0.41 --0.68
4 —0.41 0.35 —0.93
5 0.02 0.52 -—0.58
6 0.02 0.34 —0.69
7 —0.22 0.51 —0.53
8 —-0.16 0.49 —0.95
9 —0.18 0.30 —0.51
10 —-0.11 .33 —0.47
11 0.08 0.27 —0.74
12 —0.56 0,19 —0.86
13 046 0.21 —0.79
Average —0.09 0.37 —0.71
30
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Tagrrg 3.13. Selection differential in bodyweight at 56 days by generation in C, W56H and
W56L.

Generation C WieH WS6L
1 041 g. 4.34 g, —3.07 g.

2 0.23 3.97 —3.13

3 0.34 3.55 —2.60

4 0.29 3.99 —3.02

5 0.34 411 —2,83

6 —0.34 4.36 —3.10

7 0.15 4.08 —2.47

8 —0.16 4.06 —1.56

9 —0.20 3.70 —2.41

10 0.35 5.16 —1.91

11 0.07 5.01 —2.21

12 —0.53 €.30 ) --2.51

13 0,22 3.44 —0.82

Average 0.09 431 —2.43

differential was —0.09 % for RG and +0.09 gram for W56D. Comparison of the
selection differentials in RGH and RGL showed strikingly that the selection
differential in RGH was on an average nearly half of that in RGL.

The selection differential in RGI declined. However the within litter varia-
tion per sex was in RGH not much smaller than in RGL (females 0.79 and 0.80
respectively and males 0.64 and 0.66 respectively). The selection differential was
in W56H higher than in W56L (4.31 against 2.43). In the estimates of the realised
heritabilities of RG and of W56D, the selection differentials in the selection
lines were corrected for the selection differential in the control line.

3.3.4 The realised heritabilities
The realised heritability was estimated from the regression coefficient of
cumulative selection response on cumulative selection differential

he* = By Seun = ? Rt Bt 58,4
I

Corrections for environmental influences on the selection differential and the
selection results were made in two ways:

- expressing the means as deviations from the mean in the control line
- basing the estimations on the difference between the divergent lines.

The cumulative selection differentials and results were calculated per genera-
tion by adding the values in the divergent lines.

Both methods were used to estimate the realised heritability for RG and for
W36D,

Figure 3.8 shows the difference in total selection differential between RGH
and RGL. There was a large variation in selection differential per generation,
In the Jast generation the selection differential was even negative in RGH. This
was caused by a combination of a small uncorrected differential in RGH and a
large correction factor in the control. An estimate of the heritability gave for
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FiG. 3.8. Cumulative selection response and cumulative selection differential of relative
growth in RGH and RGL

RGH a value of 0.06 4 0.03 (p=<0.05). For RGL the realised heritability was
0.10 & 0.02 (p<0.01). The realised heritability estimated from the divergent
lines was 0.08 £ 0.01 (#<0.01). Figure 3.9 shows that correction for environ-
mental influences in this situation gave a much more regular course of R, and
S This followed also from the standard deviation of 4%, which was substan-
tially lower in the estimation from the divergent lines.

The estimation of the realised heritability for W56D in W56H and W56L is
given in Figure 3.10. The total selection differential was in W56H almost twice
that in W36L. The realised heritability was 0.28 - 0.01 (p=<0.01) for W56H and
0.35 - 0.02 (p<0.01) for W5S6L. The selection for a low weight was more
effective than for a high weight. An estimation of A2 from the divergent lines
W56H and W56L (Figure 3.11) gave 0.31 4 0.01 (p=<0.01).
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FiG. 3.9. Cumulative selection tesponse and cumulative selection differential in relative
growth estimated from the divergence of RGH and RGL
i
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FiG. 3.11. Cumulative selection response and cumulative selection differential in weight at
56 days estimated from the divergence of W56H and W56L

3.3.5 Correlated effects

Selection for RG and for W56D> had comsequences for a number of other
traits. The weights at — or the growth rate between — different ages may change,
the fertility may alter, while the body composition and the growth pattern of the
body components may differ between selection lines.

In this section the changes in W56D, R@, tail length, fertility and survival
percentage are examined.

3.3.5.1. RG and W56D as correlated traits
Figure 3.12 shows, that the selection for W36D resulted in rather definite
changes in RG, both in W56H and in W56L. Selection for high RG resulted in
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an increase of W56D, while selection for low RG gave a decrease in W56D
(Figure 3.13). However the changes (expressed as deviations from the average in
the control line) were rather small. In Table 3.14, the changes in RG and W36D
are given by means of the regression coefficients. In all four selection lines there
were significant changes (p <0.01).

With the direct (R) and correlated (CR) sclection results in RG and W56D
the genetic correlation could be estimated.

2 — CRRGCRWS 6D

L)
RrcRwsep

(FALCONER 1960a).

If the direct and correlated results were estimated from the differences between
divergent lines in generation 14, this gave:
rs2 =024 and r, = 0.49.
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TABLE 3.14. Regression coefficients of relative growth and body weight at 56 days on genera-
tion number after selection for bodyweight and relative growth,

Correlated respense! in

Relative growth Body weight
RGH — 0.19+* £+ 0.02
RGL —0.12%% 4- 0,03
W56H 0.12%* 1 0.01
WS6L —0.10%* + 0.01 —

! Corrected for deviations in control
** p<C0.01

Because the correlated result of RG (CRgg) was strongly determined by the
large differences in maternal performance and litter size between W356H and
W5S6L, r, was probably strongly overestimated.

3.3.5.2 The effect of selection on other traits

Besides the changes in W56D and RG as correlated effects, the changes in
other traits have been observed. Attention was paid to the tail length and a
number of traits, bearing upon fertility and survival of the mice. Table 3.15
shows the changes that occurred between the divergent lines. These changes
were expressed as regression coefficients of the difference between divergent
lines per generation on the generation number. For tail length the regression
coefficients were significant (p<0.01). The only other significantly different
regression coeflicients were between W56H and W56L in litter size at birth.

The Figures 3.14-3.19 give an indication of the absolute changes in the
mentioned traits. Rather large differences in litter size between W56H and
W356L, occurred. In both lines the number of days between mating and littering
increased, while the total percentage successful matings declined, sometimes
under 50 percent. This all resulted in a limitation of the total number of mice to
select from. The differences between RGH and RGL were small for all these

traits.

TABLE 3.15. Regression coefficients of divergence in several correlated characters on genera-
tion number.

Divergence of

Character RGH and RGL W56H and W56L
Taillength 0.03** + 0.01 0.19** - 0.01
Days between mating and littering 0.02"° 4 0,05 0.02%° £ 0.09
Number of litters —0.12"% + 0.07 0.32%* . 0.28
Littersize at birth 0,082 1 0.07 0.29%* 4 (.05
Survival percentage between 0-56 days 0.09*¢ 4- 0.51 —0.08™* 4- 0.28
Number of mice at 56 days 0.04"* 4+ 1.39 4.00" + 2.43

n.s = not significant
** p<0.01
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IV COMPARISON OF GROWTH CURVES WITH
THE LOGISTIC FUNCTION

An impression of the differences in the growth curve between sex and between
lines can be read directly from a graph. As an example growth curves are given
for C, RGH, RGL, W56H and WS56L in generation 14, in Figure 4.1. A com-
parison of sexes and of lines by these graphs has limitations. Comparison is
always made on the basis of time. However during selection large differences
could have occurred during the time taken to reach mature weight. A compari-
son of the weights at the same absolute age would then be at quite different
relative ages. This can be seen clearly from the difference hetween W56H and
W356L. A comparison based on weights for age may be also biased by differences
in mature weight. Therefore it is advisable to describe the growth curve by a
mathematical function. A comparison of the growth curves in various lines
can be based on the parameters in this function,

40L
301
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FiG. 4.1. Average weights in C, RGH, RGL, W36H and WS6L by age and sex (genecration 14)
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This chapter reviews on the use of growth functions in mice; then a tentative
choice of a function will be made. This will be tested with our own data. After
a definite choice, the growth curves of the lines are compared on the basis of the
parameters in this function.

4.1 LITERATURE

Many attempts have been made to simulate growth curves by mathematical
functions. RicHARDS 1959 and Parks 1971 and 1972 distingnished functions
which take into account certain fundamental postulates about the growth
process (theoretical functions) and functions, which lack these theories of
growth as a background. These latter functions are only used to fit the growth
curve as well as possible. These are often third or fourth degree polynomials.

The choice between so-called theoretical functions and polynomials depends
on the purpose of these functions. If the paramelers are for physiological inter-
pretation, only theoretical functions can be used. If maximum fit is the aim,
then polynomials are often more suitable.

An important advantage of description of the growth curve with functions is,
that interpolation and extrapolation become possible. Interpolation is allowed
in both types of funciions, while functions of the polynomial type only can be
used safely within the interval of the observations, and can not be extrapolated
(Parks 1971).

Rao 1958 and KipweLL and HowarD 1970 used orthogonal polynomials to
calculate differences in growth curves. KIDWELL et al. 1969 and KIpWELL and
HowarD 1970 found that the growth curves of 4 inbred lines and all crosses
between them could be described equally satisfactorally by a theoretical function
(in this case Gompertz) and a third degree polynomial. Because extrapolation is
not possible and because the parameters have no biological significance, poly-
nomials could not be used in our experiments. Hence they will not:bc:discussed.

The four most well-known of the so-called theoretical functions are:
—~ Monomolccular
— Autocatalytic
— Gompertz

— Bertalanffy.
The monomolecular fimction describes the growth by two separate functions;

one before and one after the inflexion point. The functions of WeINBACH 1941,
Broby 1945 and TAYLOR 1965 were deduced from the monomolecular. Mostly
function after the inflexion point is used:

W, = A(1 — be™*)

W, — weight at age ¢

A = asymptotic weight

k = rate constant, which determines the spread of the curve along the
time axis
b = intergration constant
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In this formula the growth rate is k(4 — W). As the observed weights of the
mice in this experiment range over both parts of the growth curve, the mono-
molecular function was not used in this experiment.

The autocatalytic or logistic function is symmetrical with respect to the in-
flexion point ¢;. The formula is

W = Aj(1 + be*)

which is based on the linear decrease of relative growth rate (dW/dt){W with
increasing weight. The point of inflexion is'at W,, = Af2. The growth rate is
kW(A — W)/A. Originally this formula was often used to describe and predict
the growth of populations. It was deduced from a theoretical model (auto-
catalytic). Later it was much used to describe the growth of individuals.

In mice research the formula has been used by among others CARMON 1965,
MonNTERO and FALCONER 1966, Timox 1968, TiMoN and Ei1sEn 1969 and EiseN
et al. 1969. NAIR 1954 suggested that it is probably the most used function in
biological research.

The Gompertz function is based on an exponential decay of relative growth
with time. The formula is

W, = Ae "

The point of inflexion is at W,, = Afe = 0.368 A. Growth rateis kW in (4/W).
The formula was used to describe growth curves of mice by LARD et al. 1965,
Larp and HowArDp 1967 and KipweLL and HowArD 1969,

The Bertalanffy function is described by BERTALANFFY 1960 and FABENS 1965,
It is based on the definition of growth as the difference between anabolism and
catabolism.

dwldt = aW™ — cW a = constant of anabolism
¢ = constant of catabolism
m = weight exponent,

BERTALANFFY assumed that anabolism is proportional to W2/3, Then the  growth
function is.

W, = A(l — be~*)?
Inflexion point is at W, = 8/27 A.

The function was used by GaLL and KyLE 1968 to describe growth of mice.
RicHARDS 1959 concluded that the formula is restricted to values of m<1.

The Richards function (RicHARDS 1959) is an extension of the Bertalanffy func-
tion. The function becomes empirical because A, k, b and rm are estimated from
the data, while m is 2/3 in the Bertalanffy function.
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The Richards formulae are

Wi-m = 41=-m(] — pe~*) for m<<1
and Wi " = A'="(1 4 be~*) for m>1

The four described functions can be deduced by substituting different values for
m in the Richards function.

m = 0 is the monomolecular function

m = 2/3 is the Bertalanffy function

m — 1 is the Gompertz function (m = 1 gives no solution)

m = 2 is the logistic function.

Increasing = gives an increasing percentage of A at the inflexion point. When
m is between 0 and 1, the curves are transitional in form between monomolecular
and Gompertz; between 1 and 2, the transition is between Gompertz and logistic
(RicHARDS 1959). The Richards function proves that thereis a strong relationship
between these formulae.

Sometimes these functions are compared in literature, For the estimation of
a growth function FABENS 1965 distinguished between the choice of the function
and the estimation of the parameters in this function, so that the fit is as good as
possible. This fit can be judged by graphical methods (subjective) as was done
by Bropy 1945 and RicHARDS 1959, or by statistical technigues.

The deviations have also to be random. LAIRD et al. 1965 compared growth
curves, such as the logistic and the Gomperiz formula. They concluded that
some asymptotic functions can be used to-describe postnatal growth until early
maturity. During this growth, weight increased by a factor of 2*-2%, They also
found, that the Gompertz function gave & better description than the logistic
one for longer parts of the growth curve, for instance prenatal and postnatal
growth of caviae (0.062-400 grams or 10,000 fold). E1seN et al. 1969 compared
the logistic, Gompertz and Bertalanffy functions for the description of growth
in mice, selected for large and small bodyweight at 6 weeks and in a control
line. The logistic function gave the best fit for both sexes in the large and
control line. Growth curve of males in the small line was equally well described
by the three functions. The growth of the females in this line was best described
by the Bertalanffy function. The coefficients of variation of the parameters of
the functions were significantly smallest in the logistic function. The phenotypic
and genetic correlations between the same parameters in the three functions
were high. So probably conclusions would be the same if another function was
used. For the best fit E1SEN et al. 1969 preferred the logistic function.

TmvoxN and EEN 1969 compared the logistic and the Richards function to
describe the growth curve of mice selected for growth rate between 3 and 6 weeks
and a control. The fit of both functions was equal. Also the estimations of
mature weight agreed well; however probably both were underestimated. The
shape parameter # in the Richards function did not significantly differ from 2.
This means, that for these data logistic and Richards functions were the same.
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CARMON 1965, MoNTEIRO and FALCONER 1966 and TiMoN 1968 concluded that
the logistic function describes postnatal growth better than other functions.
CARMON 1965 found that the logistic function determined 96 9 of the variance
of the weekly estimated weights between 0 and 56 days. TIMON 1968 estimated
the weights at 1, 21, 42, 56, 70 and 84 days. The logistic function determined
98.14% of the variance in weight.

Several authors reported a systematic pattern of deviations. (CARMON 1963,
Larp and Howarp 1967 and TiMoN 1968). These deviations were mostly
related to weaning and maternal or malnutrition effects.

4.2 METHODS

4.2.1 Choice of the growth function
In this study the growth function was chosen in two stages:
— a tentative choice, based on comparisons of functions in the literature
— testing of the tentative chosen function with our own data. If the fit was as
good as reported in literature, the function was used for the description of the
growth curves of the lines.
Based on the results of comparisons of functions reported in literature the
logistic function was tested with our own data. Arguments were:
~ the fit of the logistic function on growth of mice between birth and 8-12 weeks
is at least as good as other functions,
— parameters of this function can be used in this study:
k = an estimation of rate of growth change
A = an estimation of asymptotic (mature) weight
f, = an estimation of the inflexion point at 4/2
— with this function there are more possibilities to compare our own results with
literature than with other functions (MONTEIRO and FALCONER 1966, TIMON
1968, FiseN et al. 1969, TiMoN and EiSEN 1969).

422 Estimation of parameters of the logistic finction
NAIR 1954 gave a review of methods to estimate the parameters of the logistic
function,
W, = A/(1 + be=*)

One of the methods of parameter estimation is based on the relation between
relative growth and weight (Fisher’s method).

@Wwidniw = k(1 — Wj4)
or din Widt = k(1 — W/A)

Fisher’s method consists of an estimation of relative growth rates at ages of
weight observations and the calculation of the regression coefficient of relative
growth rate on weights at the diverse ages.

The din W/dt at age 1, is estimated from the average of (In W, — In W,_,) and
Un Wiy —in W),
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So the regression coefficient of (;n W,y — In W,_,)/2 on W, is calculated,
This coefficient equals k/A and the constant of the regression line is %.
Fisher’s method assumes that the age intervals are equal.

Parameter 5 determines the age scale of the curve specified by 4 and k. Nar
1954 cited a methoed of Rhodes to estimate 4. The logistic function can be written
in linear form after In transformation.

be=" = (AjW — 1)
mb—kt=Ih{4d/W—-1)
mb=h(A/W— 1)+ kt
b can be estimated by substituting average In (4/W — 1) and average ¢ values,
Average of In b = k(N — 1)j2 + = ‘;‘:(1) In (AjW, — 1) N
t=0,1,2,..., (N — 1) are the moments of observations.

Estimation of the inflexion point is as follows:
dWids = kW(l — W{A)
d2Wld?t = k{1 — 2W/[A)

Inflexion point is at d2Wjd% = 0
Then: 2Wjd = 1 and W = A4/2
So age at inflexion ¢, is deduced as follows:

A2 = AK1 | be™*%)

be™*t =1
Inb—Fkt=10
t = Inblk

Thus a relation between A4 and #, and between & and ¢, is introduced by the
methods of estimations. The correlation between ¢, and A4 will be positive and
between ¢, and & negative. The method of calculation of £ and k shows that the
relation between them is inpredictable, However some predictions can be made
as to what happens with 4 and %, if a number of observations are made at the
stage of compensatory growth. Then weight is relatively low and growth is
relatively high, so relative growth rate will be high. This will increase the regres-
sion coeflicient (k/A4). Consequentially A4 will be underestimated and % will be
overestimated. If observations are made over a long section of the growth curve,
this effect will be reduced. TiMON and EIsEN 1969 suggested that the mature
weight is underestimated; but this depends on the section of the growth curve
that is used in the estimation, From the method of estimation it follows that an
underestimation of 4 means an underestimation of the inflexion point too.

4.2.3 Analysis of parameters of the growth function
The logistic function was tested in the base population. The residual variance
of the correlation between calculated and observed weights was used as a
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criterion for the fit. Various intervals of weight estimation were compared to

evaluate the effect on the fit. Calculations were done per sex. Afterwards the

selection lines were compared by means of the parameters of the logistic func-

tion.

~ The regression coefficients of mean parameter values per generation on ge-
neration number were calculated to investigate how the parameters changed

during selection.

— Line and sex differences of parameters were further analysed and tested in
generations 13 and 14. Two generations were analysed to see whether the con-

clusions in both generations were the same.

— The correlation coefficients between the parameters were estimated.

— Growth curves of lines were compared after excluding differences in mature
weight and time taken to mature weight.

4.3 FITTING OF THE LOGISTIC FUNCTION TO WEIGHTS
IN THE BASE POPULATION

In the base population, which was previously described, daily weights were
observed. With these data the parameters of the logistic function were estimated
per individual and calculated weights at each age could be deduced.

4.3.1 Results
Figure 4.2 shows the mean observed and calculated weight per sex, between
18 and 61 days. In Table 4.1 the percentages of residual variance are presented
with increasing interval of weight observation. From this table, it follows that
the curve fits equally well for both sexes (p>0.05) according to Student’s t-test.
Correlations between observed and calculated weights did not change if the

intervals of weight observations were varied from 1 to 7 days (test of Tukey (DE
JoNGE 1964)).

4.3.2 Discussion :

The frequency of observations could be decreased to once a week while
residual variance did not increase. The fit of the logistic function to weights in
this base population was as good as reported in literature. This could be con-
cluded from the comparison of the correlations in Table 4.1 with the results of
CARMON 1965 and TiMoN 1968. The higher correlation estimated by TmMoN
might be explained by the larger section of growth curve that was described, The
observation scheme could have also diminished the effect of the compensatory
growth. TIMON estimated weight among others at 1, 21 and 42 days. This means
that the mean part of the compensatory growth is in between the observations,
because at 6 weeks the phase of compensatory growth is almost over (L.AIRD and
HowarD 1967).

Figure 4.2 shows systematical deviations. Weights are overestimated until
4 weeks, underestimated from 4—5 weeks, overestimated again from 5—7 weeks;
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FiG. 4.2. Calenlated and observed growth curves in the base population, by sex

TasLE 4.1, Fitting of the logistic function with increasing interval, by sex.

Interval Number of females males Sex
length t;)ob;:rva Correla- Residual Correla- Residual differ-

per ) ” . > ences

cex tion coeffi- variance tion coeffi- variance
cient cient

1 day 2420 .97 5.06% 0.98 3.63%; ns
2 days 1210 0.97 5.30 0.98 3.78 ns
3 days 825 0.57 5.92 0.98 4.34 ns
4 days 605 0.98 4.62 0.97 5.62 n.s
5 days 495 0.97 5.26 0.97 5.29 ns
6 days 440 0.97 5.57 0.98 4.36 n.s
7 days 385 0.97 5.44 0.97 5.52 n.s

n.s = not significant (p>0.05)

weights at an older age were again underestimated. Hence mature weight will
be underestimated too.

The explanation might be as follows: young mice have a shortage of feed
intake at the end of the suckling period. The milk production of the dam is
maximum at the end of the second week, The ability of the young to take in con-
centrates increases, but then a second disturbing event occurs in casu weaning.
The young animals are placed in a strange environment and take time to adapt.
These simultaneous events result in a phase of inhibited growth. This agrees with
the results of LANG and LEGATES 1969 and of Stanier and Mount 1972 who
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reported two growth peaks; one at about 12-14 days and one at about 30 days.
As the animals become adapted, a period of increased growth rate takes place.
In this period the animals catch up with their original genetically determined
growth curve (LAIRD and HowaRD 1967). Of course this is only true with ad
libitum feeding.

The observations in the base population started at weaning, so growth was at
a relatively low level then. After that a phase of high, partly compensatory,
growth followed. As a consequence k will be overestimated and 4 will be under-
estimated.

From the analysis in the base population the following conclusions could be
drawn:
the results of the fit of the logistic function to weight in the base population
were in agreement with the results in literature
there were no significant differences between sexes
the residual variance was not increased by an increase of the interval of
observation from 1-7 days
it is advantageous to observe the weights over a large section of the growth
curve
~ there were systematic deviations from the observed growth curve.

1

4.4 PARAMETERS OF LOGISTIC FUNCYION IN SELECTION LINES

From the analysis in the base population it was concluded, that the growth
curves in the selection lines could be described with the logistic function. There-
fore weights from animals in the selection lines were observed weekly between
1 and 8 weeks in generation 6 until 14. The parameters of the logistic function
(4, k and r)) were estimated per individual from the observed weights.

4.4.1 Changes in parameters during selection

For a good comparison of the lines it is necessary that there are no differen-
ces between lines in the accuracy of description by the logistic function. The
residual variances in percentages are presented per line and per sex in Table 4.2.
In general the residual variances were low in comparison with the base popula-
tion (Table 4.1). However some fluctvations occurred, The residual variance in
females was slightly higher than in males. In C, RGH, RGL and W56H the
residual variance did not increase. In RGL (females), there was even a decrease
(p=<0.05). In W56L residual variance was increasing significantly (p <C0.05). In
WS6L residual variance was always higher than in the other lines. Table 4.3
shows the changes in parameters by the regression of parameter means on
generation number. The values in the selection lines were expressed as deviations
from the control. :

The regression coefficients in line C showed that there were changes in the
control. Mature weight decreased significantly (p <C0.05). The changes in k and
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TaBLE 4.2, Residual variances in percentages by line, sex and generation,

Genera- C RGH RGL W3i6H WS6L
t.
o T g ") e 4 ¢ g ¢ 3

6 276 211 313 172 343 209 2.14 146 462 391
7 236 176 346 211 3.66 2.83 3.05 187 449 412
8 280 231 260 1.86 3.68 258 344 182 533 416
9 187 204 287 191 3.68 238 263 135 6.67 591
10 isd 307 266 192 282 186 168 1.32 4,88 455
11 220 192 33 175 349 2,07 135 111 6.75 582
12 2.67 147 340 155 3.23 294 217 111 688 6.48
13 374 198 343 215 2.68 240 302 115 6.18 6.45
14 264 227 243 1.98 245 212 1.77  1.38 710 5.87

Average residual variances in the generations

X 296 210 3.04 1.88 323 236 236 140 588 525
s : 0.62 044 040 0.19 0.47  0.37 071 0.28 105 1.05
Spearman’s rank correlation coefficient ,

n.s n.s ns s * ns ns ns * *
r,= —0.03 —0.11 —0.10 025 —-0.70 —-0.02 —0.33 —0.63 076 0.80

n.s = not significant
* p<0.05

TaBLE 4.3. Changes in k, A and t; per generation by line as deviations from the control.

100k {t™H A (@ t; (days)
Line C 0.00 £+ 0.07%°  —0.30 &+ 0.10% —0.18 & 0,14~
Line RGH —0.04 + 0.03™= 0.16 & 0.06* 0.17 & 0.13%5
Line RGL 0.05 £ 0.04°  —0.19 + 0.10"® —0.16 4+ 0,15
Divergence RGH-RGL 0.09 -+ 0.05" 0.36 = 0.08*+* 0.33 + 0.14*
Line W56H —0.16 £ 0.04** 1.35 + 0.14%%* 0.74 4 Q. 11%%+
Line W56L 012 4+ 0.10°*  —0.55 & 0.13%=* 0,49 £ 0.08%**
Divergence W56H-W56L 0.28 + 0.08* 1.89 4 0,10%»=* 1.22 4 0.13%%*
n.s = not significant (p>0.05)
*  — p<0.05
= p<0.01
4 — p<0.005

t; were small and not significant. In RGH. and RGL, the deviations of 4, k and
¢; from the control were almost the same size but of opposite sign. This could
suggest that the same effects were of influence in RGH, RGL as in the control,
for instance inbreeding depression.

The asymmetry of the results of W56H and W36L might be explained by
differences in cumulative selection differentials between the lines.

The regression coefficient of the divergence in £ between RGH and RGL on
generation number was not significant (p>>0.05). Differences between #; and 4
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were significant. Regression coefficients of the divergence in A4, k and ¢, between
W36H and W56L were significant.

4.4.2 Comparison of the parameters in generations 13 and 14

To show what differences occurred between divergent lines, the mean para-
meter values per line and sex in generations 13 and 14 are presented in Tables 4.4
and 4.5, Results of both generations are given, so that the conclusions in both
generations can be compared.

Differences between lines, between sexes and between generations were tested
with Student’s t-test. Results of the test are présented in the tables. There were
significant sex differences in all lines for 4 and ¢, in both generations. The sex

TABLE 4.4, Means and standard deviations of k, A and t, in generation 13 by sex and line.

Line sex 1 100k (™) A (® t; {days)
X 5 X 5 b4 s
Control ¢ . 52 11.50 4+ 1.39 22,74 4+ 2.30 20.37 £ 3.61
3 52 10.98 + 0.79%! 30.93 £ 2.53*%* 23.47 L 2.75%%+
total 104 11.24 &+ 1.13% 26.85 & 2.42 21,92 4+ 3.21
RGH ? 58 11,29 4 1.19 2517 + 2.26 21.85 &+ 375
8 50 10.47 4 0.79%*+* 34.18 4 2.88%+* 26.03 4 3.31
total 108 10.88 - 1.03 2968 + 2.57 23.94 4 3.55
RGL @ 63 11.92 1 1.05 21.46 + 1,89 19.84 4+ 3.23
g 55 11,12 o 0.94%** 28.16 1 2.56%** 23,19  2.89***
total 128 11.52 + 0.96 24.81w + 2.14 21.56 £+ 2.95
Divergence
RGH-RGL 236 —0.64%%%3 + 4 8THrs F2.42%%%
Wi6H ' ¢ 50 10.32 + 0.87 38.12 £+ 3.32 25.84 4 3.84
& 63 10.28 - 0.82%¢ 50.48 4 3.,90%** 28.81 £ 3.06™**
total 113 10.30 + 0.84 44.30 £ 3.66 27.33 4 343 .
W36L @ 31 14,63 + 1.85 13.82 + 1.57 14.12 + 3.14
3 29 13.09 4 1,50%** 17.64 L 2.53%%* 16.35 4+ 4.26*
total 60 13.86 + 1.69 15.73 & 2.09 1526 £+ 3.72
Divergence
W36H-W56L 173 —3.56%%¢ +28.57%%* +-12.07%%*
n.s = not significant * test for sex differences
* = p<0.05 2 within sex variation
= p<00] 3 fest for differences between divergent lines
**¥ = p<0.001
48
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TasLE 4.5. Means and standard deviations of k, A and t; in generation 14 by sex and line.

Line sex n 100k (t™1) A (® t; (days)
X 8 X s X s
Control Q@ 45 10.07 4- 1.22 23.19 4- 1,93 22.82 + 3.70
& 64 9.84 4 0.97% 30.73 4 2.50*** 26.30 & 3.80%**
total 109 9,96 J- 1.07* 26.96 4 2.28 24,56 4 3.76
RGH @ 55 9.82 £+ 1.01 24.80 + 2.61 23.82 + 3.79
&8 73 9.66 1 0.88"° 34.85 1 3.33%%* 2718 | 3.67%%*
total 128 974 £+ 0.94 29.83 4 3.4 2550 + 3.72
RGL Q 68 10.87 + 1.36 2147 + 1.89 19.62 + 3.01
b} 48 9.97 4 1,19%%% 28,91 4 3.22%*=* 23.67 £ 3.99%4+
total 116 10.42 4 1.29 2519 4 2.52 21.65 - 345
Divergence
RGH-RGL 244  —Q.68*4*3 44,64k | 3. 85Kk
W56H 4 124 8.68 + 1.21 38.71 4+ 4.36 31.56 + 5.84
g 98 8.56 - 1.05"s 53.05 - 7.18%*%* 35.85 & 5.60%+
total 222 8.62 + 1.14 45.88 X 5,78 3371 £ 574
W356L ? 44 11.0% -+ 1.80 14.59 + 1.79 16.32 4- 3.64
3 59 10.16 - 1.22*+ 18.35 £ 2.65%k 19.82 4 4.47+%*
total 103 10.63 - 1.49 16.47 + 2.33 18.07 4 4.14
Divergence
W36H-W56L 325 2,01 %% 29 41#%% 15.64%**

n.s = not significant * test for sex differcnces

* = p<005 2 within sex variation
## = p<{0.01 3 test for differences between divergent lines
% — 500,001

differences in &k were significant in both generations of RGH, RGL and WS56L.
Sex differences were small and sometimes not significant in C and W56H. This
occurred in both generations 13 and 14. In both generations there were signifi-
cant differences between diverging lines especially between W56H and W56L,

Generally the same conclusions could be drawn for both generations. How-
ever there were some generation effects on the parameter values. The mean
values of k in generation 13 were significantly higher than in generation 14. The
differences in mature weight were small so that the inflexion point was at an
earlier age in generation 13 than in generation 14.

Point of inflexion was in general at an early age in comparison with base
population and literature. This might suggest that mature weight was under-

estimated.
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4.4.3 Relation between parameters and RG

In Table 4.6 the correlations between parameters of the logistic function and
RG are presented. Correlations were calculated from the correlations within
litters pooled in both sexes in generations 13 and 14, by z-transformation.
(SNepECcOR and CocHRAN 1972). Correlations are presented per line. Correlation
between RG and A was positive. Correlation between RG and k was nega-
tive or not significant, Between RG and ¢ the correlation was positive, while
a higher mature weight involved a later age at point of inflexion. The correla-
tion between & and ¢, was negative.

TaBLE 4.6, Correlation coefficients within litters between RG, A, k and ¢, pooled for both
sexes and generations 13 and 14,

line A k tl
C 0.30** .00+ 0.30%*
RGH 0.27%* —0.19%* 0.49%+
RG RGL 0.35%* 0.05™# 0.48%*
W36H 0.22%* 0.082-¢ 0.25%*
WS56L 0.50%* —0.22%+* 0.45**
—(.34%* 0.45*%
—0.25%+ 0.43*+
A —0.36%* 0.53**
—0.50** 0,68*%*
—(.21** 0.59%+
—0.36%*
—0,49%*
k —0.34%*
_0_65$B
—0.20*
n.s = not significant
* = p<0.05
0.0l

Environmental covariances caused by maternal and litter influences were ex-
cluded by calculatlng the correlations within litters. However also part of the
genetic covariance was excluded.

To investigate the influence of variation in mature weight on the correlations,
calculations were made at constant mature weight. These partial correlation
coeflicients are given in Table 4.7. They were calculated from the correlation
clzocg“]cients in Table 4.6 with the method described by SNEDECOR and COCHRAN

972,

Correlations between RG and ¢, and k and t, decreased slightly, but remained
mostly significant. As in Table 4.6, the correlations between RG and & in
Table 4.7 were not very consistent. Then the significant correlations were
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TasLE 4.7. Partial correlation coefficients (A constant) between RG, k and t;, derived from
Table 4.6.

line k t

C 0.17* 0.30**

RG RGH —0.13"s (0.35%%

RGL - (.20* 0.26**

- W36H 0.22%+ 0.08"

W56L -0,1373 0.23*

k ' —0.24%+

—~0.44%*

—0.18*

—0.49%*

—0.09°*

n.s = not signtficant

* =p<£005
** = p<0.01

positive and two nonsignificant correlations were estimated. Keeping A constant
probably had a positive effect on the correlation between RG and k.

4.4.4 Comparison of the calculated growth curves
Growth curves were also compared by graphical methods. As the systematic
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differences between lines were the same in generations 13 and 14, graphs were
compared in generation 14 only.

In Figures 4.3 and 4.4 growth curves are presented. In Figure 4.3 weights in
percentages of the calculated mature weight 4 are plotted against age. The
advantage of this method is that differences in mature weight are excluded from
the comparison. At 8 weeks, weights in percentages of the mature weight were
already high. Females had mostly a higher percentage at the same age as males.
Lines C, RGH, RGL and W56L. were already over 909, at 8 weeks while W36H
was 80-85%. In the part of the growth curve observed, RGL and W356L had a
higher percentage than C, while RGH and W56H were at a Iower percentage.
However the differences between RGIH and C were small,

50

0 20 40 60 80 160
days

FiG. 4.4. Calculated growth curves by line and sex in generation 14
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According to BroDY 1945, a comparison of growth curves is unbiased when
differences in mature weight and time taken to mature are excluded. In Figure 4.5
relative bodyweight (weight in percentages of mature weight) is plotted against
relative age (age in percentage of time taken to mature, or in this case to reach
0.9999 4). The biggest differences between the lines were observed at a relative
age of about 10 percent. Females had a higher weight percentage than males at
the same relative ages.

Differences between C and RGH were small. RGL deviated from C and
RGH. These differences were smaller than between W56H and WS56L, which
diverged considerably.
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Fic. 4.5. Relative bodyweight on relative age by line and sex in generation 14
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V GROWTH, EFFICIENCY OF GROWTH AND
BODY COMPOSITION IN THE LINES

Growth rate, efficiency of growth and body composition are of importance in
meat production. Observations on growth rate, feed intake and chemical body
composition were made until 15 weeks of age to calculate line and sex differ-
ences.

5.1 LITERATURE

Literature on growth rate, feed intake, body composition and gross energy
efficiency of mice is mostly related to lines selected for growth rate or body-
weight. In these publications, most of which were mentioned in Chapter 11,
changes in feed intake, body composition and gross energy efficiency may be
considered as correlated effects. Some experiments have been described on
selection for feed intake and feed efficiency (Bionmini et al. 1968) or body com-
position (TiMoN and More O’FERRALL 1966 and MorE O’FerRrALL and TiMON
1968, 1970).

5.1.1 Growth rate, feed intake and feed efficiency

FowLer 1962, TiMON and Eisen 1970, SUTHERLAND et al. 1970 and STANIER
and MounT 1972 concluded from their experiments with selection lines for
weight that selection for a large weight has the same effect as selection for
appetite.

Differences in feed intake are strongly related to bodyweight differences but
not to line or sex differences (STaAMIER and Mount 1972). TiMoN and E1sen 1970
estimated a phenotypic correlation coefficient of 0.78 between feed intake and
bodyweight. SUTHERLAND et al. 1970 found a genetic correlation of (0,88 between
the same traits.

According to TiMoN and Eisen 1970, females had a higher feed intake than
males at the same weight between 10 and 30 grams. Mice from a line selected for
6 weeks weight had a higher feed intake at the same weight than control line
mice. Differences in feed intake between lines and between sexes increased until
an age of about 6 weeks and afterwards remained constant.

Feed efficiency is defined as the weight increase in a certain time-interval
divided by the feed intake in the same interval. In this form it was used by
MaGEeE 1962, TiMoN and EISEN 1970, SUTHERLAND et al. 1970 and STANIER and
Mount 1972. Also the reciprocal of feed efficiency, called the feed conversion
by TrTUS et al. 1953, is used, for instance by SUTHERLAND 1965 and RAHNEFELD
et al. 1965. TimoN and EiSen 1970 suggested that feed efficiency (growth in
g./feed intake in g.) is preferable to feed conversion (feed intake in g./growth in

54 Meded. Landbouwhogeschool Wageningen 74-8 (1974)



£.) when comparisons are made over a constant age interval, because the coeffi-
cient of variation of feed efficiency is smaller.

Selection for large bodyweight or high growth rate gave an increased feed
efficiency (FALCONER 1960b, FOWLER 1962, RAHNEFELD et al. 1965, LANG and
LEGATES 1969, SUTHERLAND ¢t al. 1970 and TiMoN and EiseN 1970).

However the feed efficiency of mice selected for low weight was not signifi-
cantly smaller than of control line mice (FOWLER 1962, LANG and LEGATES
1969). '

Initially males had a higher feed efficiency than females. These differences
continued until an age of 6—8 weeks (FOWLER 1962, LanG and LEGATES 1969,
TmonN and Eisen 1970). The sex differences in the small lines continued longer.
(FowLEr 1962, TiMoN et al. 1970). According to FOWLER, this might be ex-
plained by a delayed sexual and physiological maturity in the small Iines. This
agrees with results of ELLIoTT et al. 1968.

Feed efficiency decreases with increasing age, because growth rate decreases
and feed intake shows a slight increase. From 6-7 weeks onwards (FOWLER

1962) feed efficiency is almost constant,

There is a high genetic correlation between growth rate and feed efficiency.
SUTHERLAND et al. 1970 estimated 0.91, RAHNEFELD et al. 1965 found correla-
tions of —0.80 and —1.04 between growth rate and feed conversion.
SUTHERLAND et al. 1970 found a genetic correlation of 0.52 4- 0.33. The pheno-
typic correlation was 0.06. Of course, these correlations are partly auto-correla-
tions (TURNER 1959 and SUTHERLAND 1965).

SUTHERLAND et al. 1970 selected in different lines for growth rate (G), feed
intake (F) and feed efficiency (E) between 4-11 weeks. The realised heritabilities
were 0.23 - 0.20, 0.20 + 0.06 and 0.17 -- 0.04. '

The lines, given in decreasing sequence for growth rate were E, F and G, for
feed intake F, E and G and feed efficiency E, G and F. Mice were the fattest in

the F line.

5.1.2 Body composition . ..
Different methods of analysis have been used to estimate body composition,

Timon and Eisen 1970 removed head, feet, tail, skin and gut and estimated the
composition of this carcass. Others, like FOWLER 1962, BIONDINT et al. 1968,
LaNG and LEGATES 1969 chemically analysed samples of whole mice. Mostly the
mice were starved for one day to avoid differences in amounts of feed and faeces
in the intestine. '

Water, ash, fat and protein contents were estimated _in the.se samplf:s. In ?he
description of literature on body composition, attention will be paid to line
differences, sex differences and age trends; the relation between components and

selection for components will also be mentioned.

Line differences
When there is selection
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increase in weight (Bionpini et al. 1968, TIMON et al. 1970). The change in body
composition was variable; LANG and LEGATES 1969 suggested ‘the complexity
of physiological events leading to the expression of bodyweight changes suggests,
that there are various metabolic alternatives’. There are many examples of this.
FaLconer and Kine 1953 described the results of selection for bodyweight by
GOODALE 1938 and MACARTHUR 1944. In the first experiment, weight increase
was obtained by a substantial fat increase in mice of restricted size, while in the
second experiment the mice became large but not very fat. FOWLER 1958 com-
pared selection lines of FALCONER 1960b descending from {wo base populations
(N and C). Both were selected for large (L) and small (8) body size. At 6 and
12 weeks, the percentage of fat was significantly higher and the mean percentage
of water significantly lower in. NL than in CL. At 3, 6, 8 and 12 weeks the
percentages of fat and water were similar in CS and CL in spite of the large
weight differences. .

In the NL line the {at percentage was higher ‘and the water percentage was
lower than NS at 6, 9 and 12 weeks. Control animals had a similar carcass
composition to animals in NS despite large difference in bodyweight. The differ-
ence in fat percentage in NL began at 38-40 days. LaNG and LEGATES 1969
compared the body composition at 8 weeks of mice selected for high and for low
weight at 6 weeks and concluded, that higher growth rate in the large line did
not result from an increase in relative fat deposition. TiMoON et al. 1970 com-
pared body composition at 57 days in mice selected for high post-weaning gain
and. in control mice. The only difference in relative body composition was that
fat percentage increased and water percentage decreased in the large line com-
pared with the control. Composition of fat-free carcass weight was similar.
BionNDiInI et al. 1968 found an increased fat percentage at 112 and 150 days in
two of the three replicates selected for growth rate between 4 and 11 weeks. The
fat percentage in the control was decreased during selection.

Sex differences

LANG and LEGATES estimated a larger amount of fat deposition in females
between 4 and 7 weeks than in males. This difference was reduced or reversed
at 8 weeks of age. In the experiment of TIMON et al. 1970, male carcasses had a
higher percentage of fat and a smaller percentage of ash than females. Protein
and water percentages were not significantly different. The absolute quantities of
all carcass components were higher in males than in females. This was in agree-
ment with the results of Bronpina et al. 1968,

Age effects

FowtLEr 1958 estimated body composition of NL and NS lines at intervals
between 13 and 107 days of age. The total amounts of body protein in NL showed
a linear increase up to 40 days. Afterwards the rate of protein deposition was
reduced. The increase in carcass water was closely related to carcass protein.
The water: protein ratio decreased with aging. The decrease was most marked
up to 46 days of age. In the large line, fat was deposited at a slow rate before
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35 days. From 35 to 60 days, however, fat content of NL mice increased ‘con--
siderably. After 60 days the fat gain was reduced.

In the small line (NS) protein was deposited at a slower rate than in the large
line. It formed a constant proportion of carcass at all carcass weights. Quantities
of water were closely related to this. The water:protein ratio decrease¢ with
aging in this line too, There was no sudden increase in fat content in the small
line; it showed a considerably slow but steady rate of increase. Percentage of
protein decreased after 40 days of age in NL. In the small line there was almost
no change. Fat percentage was similar in both lines up to 40 days. Afterwards
there was a substantial increase of fat percentage in NL. In NS the increase in
fat percentage was slight and gradual. In both lines the water percentages
decreased with increasing age. Water percentage was similar up to 40 days in
both lines. Thereafter it was less in the NL. LANG and Legates 1969 found
decreasing water percentage, increasing fat percentage and constant protein and
ash percentage with increasing age between 3 and 8 weeks of age. This agreed
with the results of FOwLER 1958, 1962 and BioNDInI et al, 1968.

Relation between components
In various experiments a strongly negative correlation between fat and water

content was estimated. (FOWLER 1958, LANG and LEGATES 1969, TiMON et al.
1970, STaNER and Mount 1972). LANG and LEGATES 1969 found a phenotypic
correlation of —0.95. The increase in fat percentage of the large line was nearly
the same as the water percentage decrease in the experiments of FOWLER 1962
and TmMoN et al. 1970,

According to LANG and LEGATES 1969, correlations between fat and other
components were negative; between water, protein and ash they were positive.

Selection for carcass compbnents
Tmvon and More O’FERRALL 1966 and MoRe O’FERRALL and TIMON 1968,

1970 selected during 12 generations for quantity of fat and protein at 70 days of
age. Realised heritability for protein weight was 0.09 + 0.09 and for quantity
of fat 0.35 -+ 0.10, HurL 1960 selected for weight at 3, 44 and 6 Wf:cks of age
to investigate differences in quantities of fat in the lines. The quantities of fat in
the lines selected for weight at a young age were not reduced as FOwLER 1958

suggested.

5.1.3 Gross energy efficiency _ o .
Differences in feed efficiency do not give complete information on differences

in energy expenditure of the feed. The con_lposition of the weight gain is variable
and the energy content of 1 gram protein is 5.65 keal and of 1 gram fat 9,4.5 keal
according to WIDDOwsON 1955. However when 1 gram protein is deposited, a
guantity of water is simultaneously deposited (FOW‘LER 19§2 su ggested 3—4? gram
water per gram protein). So energy content of weight gain might be vana-bj‘e,
If the growth rate, feed intake, energy content of feed and body composition
are known, the gross energy efficiency can be estimated. Gross energy efficiency
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-was defined by BrRopY 1945 and FowLER 1962 as energy increase in the carcass

calculated as a fraction of the gross energy consumed. Protein deposition and
fat deposition can be expressed as fractions of the gross energy intake. TIMON
et al. 1970 distinguished between maintenance energy, estimated from 140 W3/
(W = actual bodyweight) (KLEIBER 1961), and energy for growth (gross energy
intake minus maintenance energy). In this calculation it is assumed, that the
coefficient for maintenance is the same for the various lines and for different
ages.

FowLER 1962 found that the gross energy efficiency in the large line was
higher than in the small line up to 4 weeks of age. There was no difference during
the time interval of 4—6 weeks; from 6 weeks onwards the ]arge line had a
higher gross energy cfficiency.

The gross energy efficiency in the large line of TIMON et al. 1970 was higher
than the control between 3—8 weeks. Males were more efficient than females,
Protein and fat deposition, expressed as fractions of energy for growth in the
control line was similar to the large line. Males were 379, more efficient in
protein deposition and 529 in fat deposition than females (differences in per-
centages of the mean).

FowLer 1962 and StanxikEr and Mount 1972 did not observe a difference in
caloric digestibility between large and small lines. FOWLER reported no differ-
ences in rate of activity too. :

5.2 MATERIAL AND METHODS

5.2.1 Material

The animals for the analyszs of growth rate, feed intake, feed efficiency, body
composition and gross energy efficiency between 3 and 15 weeks of age in each
of the five lines were produced by a large number of matings of animals in 11th
generation of the lines. The number of mated animals are presented in Table 5.1.

In C, RGH, RGL and WS56L all animals at & weeks in that generation were
mated. W56H consisted at 8 weeks of 93 females and 118 males. From these,
66 females and 66 males were randomly chosen.

Matings in C, RGH and RGL were according to the MAI system. In W56H
and W56L the mice were randomly mated with avoidance of fullsib and halfsib

Tastk 5.1, Number of animals mated to produce samples for analysis of growth rate, feed
intake and body composition.

Line females males
C 64 63
RGH ’ 64 62
RGL 54 54
W56H 66 66
WS6L 67 54
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TaBLE 5.2. Results of matings by line.

line n°%e  days mating- litter- litter size  litter weight  individual

mated littering rate at birth at birth weight at
birth

C 64 2317 92.29% 9.34 13.95 g. 1.49 g,
RGH 64 2281 98.4 8.32 12.26 1.47
RGL 54 22.42 98.2 9.74 14.38 1.48
Wi36H 66 23,69 83.3 11.47 17.67 1.54
WS6L 67 23.66 68.7 6.89 8.98 1.30

matings. If there were more females than males in a line, some males were
mated to two females. The results of the matings are preseated in Table 5.2.
Total litter weights were ¢stimated at birth. All offspring wete identified at 7 days
of age and weighed at 7, 14 and 21 days.
The mice were weaned at 21 days. At that age two kind of groups were
sampled:
~ weight groups to estimate weekly weight increase and feed intake from 3 to
15 weeks of age. Generally this group consisted per line and per sex of
10 cages with 4 mice each. Weight increase was estimated per individual and
weekly feed intake per cage
~ body composition groups to estimate body composition al [0 ages: 3,4,5,6,7,
8,9, 11, 13 and 15 weeks. The groups consisted per line and sex of 36 cages
with 3 mice each. At the specified ages 12 mice, housed in 4 cages, were ana-
lysed in two replicates of two cages each. At 15 weeks of age, mice of the weight
groups were analysed. In the body composition group, individual weights and
feed intake per cage were estimated weekly.

This experimental design means that the composition of samples, analysed at

different ages, was fixed at weaning. This was done because:

~ mean body composition, mean feed intake and mean bodyweight could be
related per sample

— individual determination of feed intake and body composition analysis was
not possible, because this would have required too much labour and space.

Sampling was as follows: . - .
Three mice were randomly sampled per sex per litter. These mice were distrib-

uted at random over separate cages, so that there were two in the body compo-
sition group and one in the weight group. If there were less than three mice per
sex per litter, mice from another litter of the same age were a_tdded. I{l both groups
all mice per cage were of the same age. In Figure 5.1 the design of this experiment

is presented.

Observations . :
The weights were estimated weekly according to the method described pre-

viously. Weekly feed intakes were estimated per cage in the same age interval as
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1)

age i

sex 1 2

body compositicn 1 4 1 2
feed intake 1 2 ] e 1 2 ! 2
weight 1]2]a]1]2]3]112|311]2]311|2|3]112]3]1]12|3|*2]Q

1)
10 ages ( 3,4,5, 6,7, 8 9 11,13 and 15 waeeks )}

FiG. 5.1. Experimental design

weight increase observations. The amount of feed given to a cage was noted and
one week later the amount left over was weighed. Dry matier contents of the
fresh feed and of that left over were estimated in duplicate and feed intake per
week was calculated on dry matter base.

In general analysis of body composition was done in samples of 6 mice each.
At 15 weeks samples of 8 mice each were analysed. Before being killed the mice
were starved for 1 day. Then they were weighed and killed with CO,. Samples
were kept deepfrozen (—28°C) in a closed bottle and afterwards the mice were
ground. From the ground sample three quantities of about 5 gram each were
taken for dry matter estimation. The rest was autoclaved for 30 minutes at
125°C after adding 1009, water. Then the sample was homogenized with a
Waring Blendor.

In this material, dry matter, nitrogen, ash and ether-extraction contents were
estimated by the Chemical Laboratory of the Institute for Animal Husbandry
Research (IVO) at Zeist, .

In Table 5.3 the number of weight observations per line and sex are given.

TaBLe 5.3, Number of animals at different ages.

line C RGH RGL W36H WS56L
Age (weeks}

1+ 2 230 265 257 228 236 248 274 264 133 147
3 230 264 257 227 236 248 212 262 133 147
4 136 135 144 142 136 136 132 133 112 117
3 124 123 132 130 124 124 120 121 100 105
6 112 112 120 118 112 113 108 109 88 93
T 100 100 108 106 100 101 96 97 76 81
8 88 88 97 %4 88 39 84 85 64 69
9 76 76 8 82 76 17 270 33 58
10 + 11 64 64 7370 64 65 60 6l 41 * 46
12 + 13 52 52 61 58 52 53 48 49 29 14
14 + 15 40 40 49 46 40 41 36 39 17 23

(=2
o
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The number of observations on feed intake and body composition can be
deduced from this table too.

5.2.2 Methods
With these observations the following comparisons between lines and between
sexes were made:
- growth curve between birth and 15 weeks of age
— feed intake between 3 and 15 weeks of age
— feed efficiency between 3 and 15 weeks of age.
The relation between bodyweight and feed intake was studied within ages and
over all ages. Differences between lines and between sexes in:
percentage of water
percentage of protein (6.25 times N percentage)
percentage of fat (assumed to be similar to ether-extraction)
percentage of ash
were analysed at different ages.

Comparisons were made by graphs, and by an analysis of the differences at
8 weeks. This age was chosen because most information on body composition
in literature was at this age.

The gross energy intake was estimated from the feed intake multiplied by the
gross energy content of 1 gram feed. It was estimated by the caloric bomb
method. The gross energy was 4.1085 keal/g. dry matter in the feed.

The total energy deposition was calculated from the deposition of protein,
multiplied by 5.65 keal and of fat multiplied by 9.45 kcal (WiDDOWSON 1955).
Fat and protein deposition were always estimated at intervals starting from
3 weeks of age. Thus the energy content at the end of the interval.was corrected
for the energy content at 3 weeks of age. From these calcplatmns the gross
energy efliciency could be calculated for different intervals. Line and sex differ-
ences in gross energy efficiency were analysed. . .

The protein deposition in kcal as a fraction of gross energy intake was cal-

culated as an estimate of efficiency of production in different lines, sexes and

age intervals. ' .
Results of Van DER WAL and VERSTEGEN 1974 suggested that coefficients to

estimate maintenance energy from metabolic weights, were quite variable in
these Jines. So no further separation of energy intake was made.

5.3 RESULTS -

5.3.1 Growth rate, feed intake and feed efficiency S
The growth curves between 0 and 15 weeks are presented in Figure 5.2. The

mean growth rates, ¢stimated per week are given in Figure 5.3. The maximum
growth rate estimated per week was for all lines and sexes in the 4th week. From
Figure 5.3 it can be seen that the inflexion point for males occurs at an older age
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FiG, 5.2, Average weights by line, sex and age

than for females. The differences between RGI and RGL were small. Until the
10th week RGH had a higher growth rate. There were no systematic differences
after that age. The difference in growth rate between W356H and W36L were sub-
stantial during the section of growth curve observed. There was a sudden decline
in growth in the S5th and 6th weeks in all lines, but especially in W56L. In this
line growth became zero or even negative. However afterwards there was slow
but steady weight increase. Males had a higher growth rate than females, but
the differences were small after about 8 weeks of age.

Cumulative feed intake is presented in Figure 5.4. The linearity of these curves
shows that feed intake per line and sex must be nearly constant. This is also
shown in Figure 5.5. There was an increased feed intake in all lines and sexes in
the 5th week. Afterwards the feed intake had a small decrease but increased
slightly at later ages. From the 6th week on, the differences between lines re-
mained rather constant. RGH had a higher intake than RGL, while the con-
sumption in W56H was much higher than in W56L. The feed intake of males
was higher than of females. The initial increase in feed intake continued longer
in males than in females.

The correlation coefficients between feed intake and bodyweight and meta-
bolic bodyweight (#3/#) were estimated. The correlation coeflicients per line and
per sex were pooled by the z-tranformation. The correlation coefficients be-
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woeks weeks

FrG. 5.5. Average feed intake per week by line, sex and age

tween feed intake and bodyweight estimated within age classes was 0.79 and
between feed intake and metabolic weight 0.86. An estimation of these correla-
tion coeflicients over ail ages gave 0.91 and 1.00. All these values were significant
(p <£0.01). There were no systematic differences in coefficients between lines and
sexes.

Figure 5.6 shows the feed efficiencies by line and sex. There was a considerable
decrease from the 4th until the 6th or 7th week. Afterwards feed efficiency
remained rather constant. Differences between RGH and RGL were small and
not systematic. W56H had a much higher efficiency than W56L. But, of course,
these differences became smaller with aging. Males had a higher efficicncy than

females until about 8 weeks. After this age, there were no systematic differences
between sexes.

5.3.2 Body composition

Body composition curves by line and sex are presented in Figures 5.7, 5.8, 5.9,
and 5.10. Ash percentage was rather constant (Figure 5.7). There was a slight
but steady increase with aging in all lines and sexes. There were no important
differences between sexes; females seemed to have a slightly higher ash percent-
age than males. Differences between RGH and RGL were not systematic.
Mostly W56L had a higher ash percentage than W56H. Ash percentage in males
of C was high in comparison with other lines at 8, 9, 11 and 13 weeks.
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Fic. 5.8. Average fat percentage by line, sex and age

Fat percentage was more variable (Figure 5.8). There was an increase with
aging. This increase was very large in W56H and small in males of W56L. In
general females had a higher fat percentage than males. Fat percentage in
females of W36L was very low, especially from 48 weeks. Until 11 weeks RGH
was fatter than RGL, except at 7 weeks. The differences between W56H and
W356L. were very large. In W36L the fat percentage remained very low, while fat
percentage in WS6H increased until about 1/4 of total bodyweight.

Protein contfent was rather constant in time (Figure 5.9). However there were
two strikingexceptions. Protein percentage in RGL increased (except at 7 weeks)
until 8 or 9 weeks and decreased until the level of C and RGH after that age.
These trends were similar in males and females. Protein percentage in W56L was
high at young ages and decreased slightly at later ages. Protein percentage in
RGL was higher than in RGH at most ages, while W56L was higher than
WS56H.

Naturally there was a substantial interaction between the proportional body
components. Especially the large variation in fat content determined differences
in other components. This was also shown in the water percentages. The fact
that water is partly substituted by fat, with aging follows from Figure 5.10.
Usually females had a lower water content than males. Differences in water
content between RGH and RGL were small, but RGH tended to have a lower
content than RGL, except again at 7 weeks of age. Water content of W56H was
much lower than of W56L.

Table 5.4 summarizes ash, fat and protein contents and ash, fat and protein
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quantities by line and sex at § weeks of age. Line and sex differences were tested
with Student’s t-test. However degrees of freedom were small.

IFat content of RGH was higher than of RGL, but ash and protein percentages
were higher in RGL. As the mice in RGH were heavier, they deposited more fat,
although slightly less protein. Differences between W56H and W36L in ash and
protein contents were small, W56H had a much higher fat content. As the
weight differences were very large W56H deposited much more fat, ash and
protein. Females had a higher ash percentage than males. Fat percentage and
protein percentage were similar in both sexes. Together with the weight differ-
ences this resulted in small differences in amount of ash and more fat and pro-
tein in males. )

In Table 5.5 the correlation coefficients between percentages of body com-
ponents are presented. These coeflicients were estimated within lines, sexes and
age classes. Correlations of fat percentage with water, protein and ash percent-
age were all significantly negative. Correlations between water and protein
percentage was significantly positive. The correlations of protein and water per-

centage with ash were not significant.

3.3.3 Gross energy efficiency ) .
The cumulative feed intake during different age intervals was substituted for

energy intake by multiplying feed intake on dry matter base by the gross energy
content of the feed (4.1085 keal/g. dry matter of feed). The cumulative feed
intake of mice in body composition analysis agreed well with cumulative feed
intake of all mice in weight and body composition groups at tl_w different age
intervals, So Figure 5.4 gives a good indication of differences in gross energy
intake between lines and between sexes. ‘

Energy deposition in the body at differcnt intervals was calculated from the
difference in energy content of mice at 3 wecks aqd at the end o_f. the.actual
intervals (5.65 times protein deposition plus 9.45 times fat deposition in that
interval (WipDowsoN 1955)).

Table(s‘ﬁrs shows the qua.lﬂities of fat and protein by line' and sex at 3 weeks.
The energy contents are shown too. Differences between lines were small. Fat
amount in C was slightly less so energy content at 3 weeks was lower. Energy
content of males was mostly smaller than that of females at 3 weeks of age.

tween percentages of carcass components.

TaBLE 5.5, Phenotypic correlations be
water fat protein

or a1 0.36*

rotein 0.32%* —0.
ssh 0.14"* —0.19* 0.14%
s = not significant (p>>0.05) df. =176
¥ = p<0.05
¥ = p<0.01
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TaBLE 5.6. Quantities of fat, protein and energy at 3 weeks by line and sex.

line sex g protein keal g fat keal sum keal
C 2 1.60 9.04 0.42 3.97 13.01
<) 1.64 9.27 .43 4.06 13.33
RGH q 1.81 10.23 1.17 11.06 21.29
Iy 1.74 9.83 0.93 8.79 18.62
RGL g 1.59 898 0.79 747 16.45
é 1.85 1045 0.78 7.37 17.82
W56H g 1.88 10.62 0.98 9.26 19.88
3 1.77 10.00 0.77 7.28 17.28
WS56L "4 1.92 10.85 096 9.07 19.92
8 1.70 9.61 0.71 671 16,32

The gross energy efficiency by line and sex are presented in Figure 5.11. In
this figure, the points represent gross energy efficiency with increasing interval,
always beginning at 3 weeks. In all lines and sexes, except females in W56L,
gross energy efficiency is decreasing with increasing interval. Females in W36L
were at a very low efficiency from the beginning. Differences between RGH and
RGL were small. Mostly RGH had a slightly higher efficiency than RGL. The

%

241

241

Fia. 5.11. Gross energy efficiency by line, sex and age
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gross energy efficiency of W56H was much higher than of W56L. Males were
more efficient than females.

The fractions of gross energy intake deposited in protein are shown in Figure
5.12. The fractions were decreasing with increasing interval. Differences between
RGH and RGL were small. Initially RGH was higher but with increasing inter-
val RGL became slightly better, W56H was better than W56L, but the differ-
ence between WS6H and C were very small. Males were better than females.

Table 5.7 gives the gross energy intake, gross energy efficiency and amount of
protein per gross energy intake by line and sex during 3-8 weeks. Differences
between diverging lines and between sexes were tested. Degrees of freedom were
small, Differences were expressed in percentages of the mean. RGI had 99,
higher gross energy intake; gross energy efficiency was 109, higher in RGH.
However RGL deposited 23 %, more protein per gross energy consumed. Energy
intake, efficiency and protein deposition of energy consumed were all much
higher in W56H than in WS56L. Per unit of gross energy intake W56H deposited
the same amount of protein as RGL. So the high gross energy efficiency in
WS56H was to a large extent based on fat deposition.

Males consumed 20%, more gross energy than females. Gross energy effi-
ciency of males was 32°% higher. Per unit of gross energy consumed, males

deposited 409, more protein than females.

O
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FiG. 5.12. Energy in profein as percentage of gross energy intake by line, sex and age
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TaBLE 5.7. Gross energy intake, gross energy efficiency and fraction of gross energy intake
deposited in protein between 3 and 8 weeks by line and sex.

Gross energy Gross energy Protein deposited
intake efficiency from energy intake

Line sex (kcal) (%) (0.01 g/kcal)
% 5 ' % 8 3 s

C Q 401.61 4- 13.65 6.89 4- 1.85 0.50 + 0.03
& 496,72 4+ 32,54 10.03 + 1.13 ¢.72 £ 003

total 449,17 & 24.95¢ 8.46 -+ 1.53 0.61 + 0.03
RGH Q 42790 1 145 638 + 044 0.44 1 0.00
& 528,59 4 8.13 - 8,68 £ 037 0.64 + 0.00

total 478.75 - 5.84 7.53 4 041 0.54 4 0.00

RGL Q 390.31 + 15.11 6.56 4- 0.49 0.64 + 0.08
3 483,16 + 8.13 7.05 £+ 1.01 0.72 + 0.05

total 436.74 £+ 12.13 681 £ 0.79 0.68 + 0.07

RGH-RGL 42.01%(9.2)? 0.7225(10.0) —0.14%%(23.0)
WS56H Q 501.44 &= 9.1 11.62 £ 0.36 0.57 + 0.05
& 59943 + 1.16 13.84 + 0.25 0.80 + 0.02
total 550.44 & 6.42 12.73 + 0.31 0.69 +- 0.04
WS56L g 331.15 & 20.34 014 + 1.11 0.08 + 0.12
g 39935 £ 5.81 3.94 4 097 0.48 L 0.04

total 365,25 4- 14.96 2.04 4 1.04 0.28 + 0.09

WS56H-WS6L 185,19**(40.,4) 10.69%%(144.8) 0.41#(84.5)
Males-Females 91.17%%(20.0) 2.39%%(31.8) 0.22#%(40.0)

! within sex variation

2 in parentheses: differences in percentage of average
n.s = not significant

¥ =p<0.05

o= p<00
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VI DISCUSSION

Selection for growth rate in different intervals or for weight at various ages
have been frequently studied in livestock and laboratory animals (ROBERTs
1965), because of the econamic importance of these traits. Less information is
available on the results of selection for changes of the growth curve, eventually
resulting in selection for an optimum growth curve. This optimum growth curve
may be described as a maximum growth in early stages, while changes in mature
weight are none or very restricted. There is a lack of information on selection for
an optimum growth. curve. This is probably because expectation for result is low
as have been stated by TAvLOR and CRAIG 1965 and Tavior 1968. However
growth curves of turkeys have been changed by index selection (ABLANALP et al.
1963). McCartHY 1971 reported tentative results of selection experiments with
mice, from which possibilities of growth curve changes by selection were
suggested too.

These investigations arose from the need to get more information on results
of selection for speed of the growth without altering mature weight automatic-
ally. This would have happened if selection would have been for absolute
growth rate. It was deduced that relative growth rate (RG) was a suitable crite-
rion. We selected for weight at 56 days to bring about differences in the level of
the growth curve. This selection was not primarily done to get information on
the direct results, because there are many publications on these. These lines
were started mainly to contrast with lines selected for speed of the growth
curves. In the indirect selection results, interest has mainly been paid to
essential differences in shape of the growth curve, analysed by descriptive
functions, and to differences in composition and efficiency of growth until 15

weeks of age.

The many advantages and restrictions of research with laboratory animals
for the benefit of livestock improvement have been discussed by ROBERTSON
1959, CHAPMAN 1961, ROBERTS 1965 and FALCONER 1966. The advantages of low
costs, large numbers and short generation interval have to be mentioned. Espe-
cially in this study as expectation for results was low. On the other hand the
authors mentioned, have suggested that one has to be careful with direct applica-
tion of the results to livestock improvement. The results of this study should
been seen as an addition to the information on genetic aspects of growth curves

and composition and efficiency of growth.
Maternal effects disturb the analysis of growth of mice. Therefore selection

for RGH and RGL was done within litters.

Direct results
All values of the selection results and realised heritabilities were expressed as

deviations from the control, to exclude the effects of environmental trends.
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During the generations there was a significant decrease in RG in the control as

was shown in Figure 3.4.

Several reasons are possible:

— Although there were no indications for changes in environment they might
have occurred.

~ There was some negative selection in the control (Table 3.12) in spite of
chosing the animals for breeding at random.

— Population mean might have changed by random genetic drift. However no
replicates were maintained so an estimation is impossible.

— Inbreeding coeflicient increased in spite of the mating system of maximum
avoidance of inbreeding.
This might have influenced RG directly, but also indirectly via decreased

maternal effects or litter size.

The inbreeding coefiicient of animals in the 14th generation was estimated
with the formula of FALCONER (1960a):

Fo=1— [l — 12N

F, = inbreeding coefficient in generation t

N, = harmonic mean of effective population size in the generations
YN, = (N, + N + ... + UN)t

This resulted in inbreeding coefficients in C, RGH and RGL, of about 10.5%
in generation 14 which was in a good agreement with the prediction. It is not
surprising that the inbreeding coefficients were similar in the three lines. Selec-
tion and mating system were the same and also the number of parents, pro-
ducing the next generation, was in general similar (Figure 3.16).

Mostly inbreeding coeflicients of this size cause only a slight percentual in-
breeding depression (FaLconer [360a). Correction of mean values in RGH and
RGL for changes in C will also exclude most inbreeding depression effects,
because proportional depression is the same in the lines and absolute differences
between lines were not very large.

In Figure 3.8 the influence of correcting S.,., and R_,,, of RGH and RGI. for
changes in C is recognizable. Changes per generation in RGL were larger than
in RGH. Figure 3.8 and Table 3.12 show that the selection differential in RGH
was much smaller than in RGL. This is striking, as the mean within-litter varia-
tion per sex in all generations was almost the same in RGH and RGL (females
0.786 %, and 0.7989% and males 0.643% and 0.659 % respectively). Also the
numbers of litters born (Figure 3.16), the litter size (Figure 3.17) and the survival
rate (Figure 3.18) were not systematically lower in RGH. The explanation for
smaller selection differential in RGH will be the larger variability of litter size
and more deviating sex ratios in RGH. This had important consequences for the
selection differential in the within-family selection system.

The estimated realised heritabilities were low in both lines. A combined
estimation of £? in the divergent lines gave an estimated 42 = 0.08 (Figure 3.9).
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Figure 3.9 shows a much more regular relation between S, and R, than
after correction for mean values in C.

Forcing the regression lines through the origin decreased the realised herita-
bility substantially. If the regression lines were forced through the average S,
and R.,n values, the realised heritability in RGH became 0.12 - 0.05; in RGL
0.14 +- 0.04 and from divergent lines 0.13 & 0.02. Hence the effectivity of selec-
tion in the early generations was less than in the later ones. No results of selec-
tion for RG are known from literature. From the figures 3.8 and 3.9 it could be
concluded that selection limits were not approached during these 14 generations.

The results of the selection were asymmetrical, The changes in RGL were
larger than in RGH. Not only the cumulative selection differential was larger in
RGL, but also the realised heritability was higher.

The regression coefficient of mean W36D values on generation number in the
control did not significantly differ from zero, in spite of some low values in the
last generations. It is impossible to conclude from these data in how far this
decrease is systematic.

The inbreeding coefficient of animals in the 14th generation was 18.4% in
W56H and 18.9 % in W56L. This inbreeding coeflicients were higher than in C,
RGH and RGL in spite of the larger number of animals mated (32 females and
16 males). These may be caused by the random mating system (however with
avoidance of fullsib and halfsib matings) and a decrease of the effective number
of parents (Figure 3.16). The selection differential in W56 was much more than
in W56L (Table 3.13). The main reason must be the significant increase of the
variation in W356H (Table 3.11). 1t follows from Figure 3.19 that the number of
animals at 36 days of age was mostly higher in W56H than in W56L. As a result
the selection intensity was hlgher in W36H. Differences in cumulative selection
differential were shown in Figure 3.10. The estimations of realised heritabilities
were 0.28 4 0.01 in W56H, 0.35 -t 0.02 in W36L and 0.31 -- 0.01 in the diver-
gent lines, Forcing the regression lines through the mean of S, and of R, had
almost no influence on the estimations. The estimated realised heritabilities
were in good agreement with values reported in literature (Table 3.1). From the
differences in heritability it might te concluded that downward selection was
more effective than upward. This is in agreement with literature too. However
the selection differential in W356H was much higher. So an analysis by the
method of HANRAHAN et al. 1973 gave an asymmetry in favour of W36H. The
change in mean bodyweight decreased in the last generations of W56L so that
the selection limit seemed to be approached. The number of animals at 56 days
_ of age decreased substantially, so selection intensity became very small. It may
be expected that there will be no further large changes in this Jine.

Correlated traits
The comparison of the results of selection for RG and W56D showed that

selection for W56D gave much larger changes. The realised heritabilities of
W36D were higher than of RG and the selection differentials were substantially
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more too. This is also a result of the differences in selection method. In within-
family selection only 50 percent of the additive genetic variance is used, if the
families are fullsibs. Correlated selection results are directly proportional to the
direct selection results. Therefore no comparisons were made of correlated re-
sults in RG and W36D lines.

Tail length was measured to get an impression of the differences in skeletal
size, Differences between RGH and RGL were small. This is in agreement with
the phenotypic correlations between RG and tail length in the base population
(Table 3.6). There were large differences between W36H and W56L in tail length
and consequently in skeletal size. This agreed with the results of FALCONER 1953,
CockreM 1959 and Baker and CockrREM 1970,

Of the differences in fertility traits between W56H and W56L (Table 3.15)
litter size was the only one that was significant. The wide variation in fertility
traits per generation was probably because of a smaller number of observations
than the individual weight traits. There were no systematic differences in fertility
traits between RGH and RGL, but there were between W56H and W56L
(Figures 3.15-3.19). Number of days between mating and littering increased.
Litter size increased in W56H and decreased in WS56L. Pregnancy percentage
decreased in both W36D lines. These resulis agreed with those of MAC ARTHUR
1949, FALCONER 1953, RAHNEFELD ¢t al. 1966 and BrRADFoRD 1971.

There were no systematic differences in survival rates. This, in combination
with the litter size, explains differences between W56H and W36L in the numbers
of mice at 56 days. However in both lines the number at 56 days decreased. The
number of mice at 56 days in C, RGH and RGL was nearly constant.

Growth curves

The differences in growth curves have been assessed by the parameters of the
logistic function. A description of the observed growth curves in the base popu-
lation gave a residual variance similar to values in literature. That the residual
variance in the selection lines was lower, might be explained by the larger
variation in weight that was described. This could explain the very low residual
varignces in W56H and the higher values in W56L too. In the W56L line the
residual variance was increasing during the generations.

The parameters of the logistic function were estimated on weekly weights
between 1 and 8 weeks of age. It appeared that the mature weights were under-
estimated. This followed from a comparison of predicted weights, based on
weekly observed weights between 1 and 8 weeks of the ‘weight group’ in Chapter
V and the observed weight at 15 weeks of the same group. The values are given
in Table 6.1. The real differences will be larger, because after 15 weeks of age a
further weight increase takes place (Figure 5.2). Mostly the differences between
lines in predicted mature weight and observed weights at 15 weeks were propor-
tional to weights at 15 weeks of the lines. The difference in RGL seemed to be
somewhat larger. This underestimation means that the value of the description
by the logistic function is relative. It might be even more valuable than the real
estimated mature weight if the main interest is the description of muscle growth,
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TABLE 6.1. Predicted mature weights and observed weights at 15 weeks of age in the *“weight

v

group™.

Females Males
Line Predicted Observed Predicted Observed
C 24.07 g, 26.24 g, 34.24 g, 3605 g.
RGH 26.38 28.67 37.94 39.79
RGI, 21.88 25.02 31.00 33.96
Ws6H 35.93 38.66 48.13 52.60
W56L 16.99 18.42 21.76 23.23

because almost the whole weight increase at later ages is fat growth (CurTis
1969). So differences in the latter might disturb the description of the section of
the growth curve one is interested in,

Underestimation of mature weight also means an underestimation of the time
taken to mature, of the calculated weight at inflexion point and of the calculated
age at inflexion point. TiMoN and E1sEN 1969 also found that mature weights
predicted by the logistic function were underestimated. As the inflexion point in
the logistic function is estimated at 50 percent of calculated mature weight, the
real percentage will be lower. This agrees with the values of BroDY 1945 and
TayLor 1965, who gave a percentage of 30 of mature weight,

The observed weights were expressed as fractions of calculated mature weight
to compare the maturity rates of the lines (Figure 4.3). RGL had a higher
maturity rate than RGH, while W56L was higher than W56H. Also the positive
correlation between maturity rate and time taken to mature could be concluded
from Figure 4.3, This was also found by EIsex et al. 1969, Timon and E1sen 1969
and TAyLor and FiTzHUGH 1971.

A comparison of the lines on relative age and relative time scales {(BroDy
1945) showed substantial differences in percentual weight at the same percentual
age (Figure 4.5) especially between W56H and W56L. RGL deviated from C
and RGH, which were similar. In generation 13 the same picture was observed.
This seems to indicate that there were differences in the growth curve between
the lines. :

In these calculations birth rather than conception was taken as the zero point
of the relative age scale. This choice might have influence on 2 comparison of the
lines if there are substantial differences in time taken to mature. Calculation with
conception as zero point gave the same order of lines. However the differences
between lines decreased slightly.

Females had a lower mature weight A4, a higher & and the calculated inflexion
point at an earlier age than males. This was found in generations 13 and 14 of
all lines. These sex differences were also observed by Eisen et al. 1969 and
TiMon and Eisen 1969, .

RGL had a higher & value, a lower mature weight and an earlier inflexion
point than RGH. No comparable information was at hand in literature. Mature
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weight in W56H was more than twice that in W56L. Inflexion point was earlier
in W56L while k& was higher in thig line than in W56H. TimoN and EiSEN 1969
found a higher % value in the large line than in the control. EISEN et al. 1969
found the lowest mean % value per line in the small line and the highest in the
large line. However the growth curve in their small line was different from the
small line in this experiment, because in the experiment of EISEN et al. growth
continued for longer. In my experiment growth almost ceased in the small line
after 6 weeks of age. In both reported experiments weight differences were much
smaller than in my experiment. And in both experiments a negative correlation
between 4 and k was observed.

The regression coefficients of the mean value of the parameters per line on
generation number agreed with the differences between lines estimated in gene-
rations 13 and 14,

Table 4.6 showed that the correlation between the age at inflexien point and
mature weight was positive. This was introduced by the definition of inflexion
point at weight 4/2 and the positive correlation between mature weight and time
taken to mature, The correlation between 4 and k& was negative. So animals
with a higher mature weight took more time to approach this mature weight.
Consequently the correlation between k and #; was also negative. The correla-
tion between A and RG was positive and between RG and ¢; too. Correlations
between RG and k were negative or not significani. These correlations might be
influenced by the positive correlations between RG and A and a negative corre-
lation between & and A. If 4 was kept constant (Table 4.7) the correlations be-
tween RG and k tended to be more positive. This agreed with the deduction of
Brobpy 1945, that doubling time of weight before inflexion point is inversely
proportional to relative growth in this part of the growth curve. So changing
RG might directly change & according to a low positive correlation, but it also
changed mature weight by the positive cortelation between RG and A, while the
relation between A and & was negative. So indirectly via 4 the relation between
RG and & might be negative. According to the selection results, this indirect in-
fluence seemed to be stronger as can be seen in Tables 4.3, 4.4 and 4.5. Selection
for low RG, for instance, increased &k and decreased A.

The correlations between A, k and ¢, were similar in the lines. These correla-
tions agreed well with the correlanons given by TiMonN and EisEN 1969 and
EIsEN et al. 1969.

From this analysis of the growth curves it might be concluded that there were
substantial differences in mature weight between the lines. These changes were
accompanied by differences in the parameter & and the inflexion point.

There were differences between the lines and sexes in maturity rates too.
However these might be caused by differences in mature weight. Animals with
a high maturity rate at any age had a low mature weight.

As a‘result of a high maturity rate there is a relative increase of weight at
youngages. As a result of a decreased mature weight there is a decrease in weight
at young ages. This conclusion comes from the high correlations between
weights at different ages. In spite of the differences in maturity rate, growth
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curves did not cross systematically. This was obseived in preceding generations
too. :

Some indications for essential changes in growth curve are given in Figure 4.7
where relative weights were plotted against relative ages.

McCarTHY 1971 reported tentative resulis of selection for shape of the
growth curve by an independent culling system and index selectjion. The crossing
of growth curves occurred, but was not systematic in the gererations presented.
ABLANALF et al. 1963 selected turkeys at a high weight at 8 weeks and a re-
stricted weight at 24 weeks by means of a restricted selection index, This gave
positive results so it might be concluded that the growth curve changed. How-
ever in this publication no further information on the growth curves was given.

TiMoN 1968 reported an estimated heritability of 0.07 4 0.18 for the para-
meter k of the logistic function. The value was not significant. This agrees with
the conclusion of KipweLL and HowarD 1969, that a general combining ability
of parameters of the Gompertz growth curve were small and not significant. To
a certain extent this was also true in this experiment for RG, because heritability

was only about 109,

Growth curves, feed intake, efficiency of growth and body compositions of the lines
The data for this analysis were observed in offspring of animals from the 11th

generation. These parents were unselected and consequently this material re-

presented the mean genetic values of generation 11 of different lines.

Selection for growth rate or bodyweight is similar to selection for appetite,
according to FowLEr 1962, Timon and E1sen 1970, SUTHERLAND ¢t al. 1970 and
STANIER and Mount 1972,

There were large differences in feed intake between W56H and W56L and to
a smaller extent between RGH and RGL (Figures 5.4 and 5.5). From 6 weeks
onwards feed intake was rather constant. Directly after weaning feed intake
increased. This might be related to compensatory growth after reduced growth
by change of milk intake to concentrates-intake and by weaning. Probably this
was of much importance in W56H. In the second part of the suckling period,
dams might be not able to supply their offspring with sufficient feed. This was
indicated in experiments of LaNG and LEGATES 1969 and STANIER and MOUNT
1972. This explains the relative low weights of the mice in W56H at 3 weeks of
age (Figures 5.2 and 5.3).

Sexual maturity is attained at about 30 days (MONTEIRO and FALCONER 1966).
Then activity becomes greater (FOWLER 1962) and thus feed intake is higher
after weaning. '

Correlations between bodyweight and feed intake were high. This agreed with
results of TimoN and EISEN 1969 and SUTHERLAND et al. 1970,

The feed efficiency curves (Figure 5.6} agreed rather well with literature.
Selection for large weight increased efficiency substantially (FALCONER 1960Db,
FowLER 1962, RAUNEFELD et al. 1965, LANG and LEGATES 1969, SUTHERLAND
et al. 1970 and TiMon and Fisen 1970). FowLER 1962 and LANG and LEGATES
1969 found the same feed efficiency in the small line as in the control. In my
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experiment the feed efficiency is smaller than in the control; the growth rate
after 6—7 weeks is also very small compared with small lines in other experi-
ments. It was not possible to compare RGH and RGL with literature. Males
had a higher feed efficiency than females until about 8 weeks of age. The age
trends were similar to the ones in literature: after 8 weeks there was no further
decrease. : ‘

From the literature it was known that there were aliernatives for the body
composition of lines selected for large weight. In this case the farge line W56H
became very fat during selection and consequently the water percentage de-
creased. The W36L line had a low fat percentage, so water and protein percent-
ages were high. Most surprising were the differences between RGH and RGL in
protein content and fat content until 11 weeks. These seem to indicate that fat
growth started at an older age in RGL than in RGH and explain the relativily
larger difference between predicted mature weight and observed weights at
15 weeks in RGL in Table 6.1.

Sex differences agreed quite well with literature: females had slightly higher
ash and fat percentages than males. Protein contents were not very different in
males and females. The same was true for water percentage. As in literature ash
percentage was rather constant in time, fat percentage increased, water per-
centage decreased. Protein percentage was in general constant too, except for
protein percentages in RGL and W56L.

The energy deposition in the carcass during different intervals was calculated
from the amount of fat and protein at 3 weeks and at the end of the intervals.
Random errors in the observations at 3 weeks are of most influence in short
intervals,

From the gross energy intake and the energy deposition the gross energy
efficiency was estimated. The efficiencies were low. Determining factors are
caloric digestibility, maintenance requirements, energy for activity etc. FOWLER
1962 estimated a caloric digestibility of about 67 percent in the large and small
line. Stanier and Mount 1972 also found similar values for digestibility in large
and small lines, but these were slightly higher. Results of van DErR WAL and
VERSTEGEN 1974 suggested that coefficients to estimate maintenance requirement
were not similar in W56H and W56L. Mice in W56L seemed to be more active
and agressive than mice in W36H, but these were subjective observations.
FowLER 1962 estimated no greater activity in the small line 1n her experiments,

From Figure 5.11 it follows that gross encrgy efficiency was decreasing with
increasing interval. Females were less efficient than males. This was observed by
TiMoN et al. 1970 too. Gross energy efficiency in W56H was much higher than
in W56L. FowLER 1962 found this after 6 weeks, while TiMoN et al. 1970
observed a larger efficiency in the large line between 3 and 8 weeks of age. No
information was available in literature on gross energy efficiency in RG lines.

Differences between lines and between sexes in gross energy efficiency and in
fraction of gross energy intake deposited in protein were summarized in
Table 5.7. The choice of the interval 3-8 wecks was arbitrary, but the advantage
was that a comparison could be made with the limited literature available.
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Differences were tested, but the number of degrees of freedom was small. There-
fore differences which were not significant are mentioned too. RGH had a
significantly higher gross energy intake and a higher gross energy efficiency than
RGL. However RGL deposited 23 % more protein per unit gross energy intake.
So the relative higher weights at an earlier age in RGL, that follow from the
maturity rates, came about through a larger deposition of protein and water
added; the fat deposition was smaller in this period.

Differences between W56H and W36L were large and all significant. W56H
had a higher gross energy imtake, gross energy efficiency and fraction of gross
energy intake deposiled in protein. W56L was very inefficient. Males had a
significantly higher gross energy efficiency (32%)) than females. Per unit
gross energy intake males deposited 40 %} more protein than females. These sex

differences were in good agreement with the results of Timon et al. 1970.

"~ If the amount of depostted protein per gross energy intake was used as a
criterionr for meat production ability, W36H and RGL were similar and the best.
Protein production in males is much more efficient than in females.
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vl SUMMARY

To evaluate the effect of selection for parameters of a growth curve, four
selection lines and a control line were started from one base population. In the
selection lines is selected for a large and a small relative growth rate between
21 and 29 days (RGH and RGL) and for a large and small bodyweight at 56 days
{W56H and W56L). Besides the direct results of selection, attention was paid
to the consequences for some fettility traits, the growth curve, the efficiency and
composmon of the growth,

Selection in RGH and RGL lines was within Jitter to exclude maternal effects,
which are of importance at 21 and 29 days. One male and one female were
chosen per litter. In the C, RGH and RGL lines 16 pairs per generation were
mated, according to a system of maximum avoidance of inbreeding. In W56H
and W356L mass selection was applied. Per generation 32 females and 16 males
were selected and randomly mated. The material consisted of daia from the first
14 generations of these lines.

Inbreeding coefficient in generation 14 was 10.5% in C, RGH and RGL lines
and 18.49% and 18.9% in W56H and W56L. Relative growth rate (RG) de-
creased in C during generations. There was no significant change of weight at
56 days (W56D) in C.

Realised heritability of selection for RG was 0.06 4 .03 in RGH and 0.10
4 0.02 in RGL. A combined estimation from divergent lines gave 0.08 1- 0.01.
It followed from further analysis that the effectivity of selection was low in first
generations. Cumulative selection differential in RG was small, mainly as a
consequence of within family selection. There were large differences between
W356H and W356L., In the last generations, mice in W56H were over twice as
heavy as in W56L at 36 days. Realised heritability for W356D was 0.28 4 0.01
in W36H and 0.35 £ 0.02 in W56L.. A combined estimation from divergent
lines gave 0.31 4- 0.01.

There were only small differences in tail length between C, RGH and RGL,
The same applied to conception rate, timespan between mating and littering,
litter size and survival rate between 0 and 56 days. Tail length increased in
W56H and decreased in W36L. These changes in tail length indicate differences
in size between the lines. Days between mating and littering increased in W356H
and WS56L; number of litters decreased substantially in both lines. Litter size
increased in W56H and decreased in W56L. Survival rates were similar in the
lines. As a consequence the number of mice at 56 days decreased during selec-
tion in these lines. This decrease was in W56L very strong and selection differ-
ential in females became almost zero in some generations.

Rate of death was increased from generations 5 to § of all lines.

82 Meded. Landbouwhogeschool Wageningen 74-8 { 1974)



Growth curves of the lines were described by the logistic function,

W, = A{(l + be™")
- W; = weight at age ¢
A = asymptotic weight
& = integration constant
k = parameter, that determines the spread of the curve along the time
axis

The tentative choice of this function followed from literature, while a definite
choice was based on a test of this function in the base population. In this base
population weights were estimated daily between 18 and 61 days. Correlations
between observed and calculated weights were of the level (r = 0.97) as reported
in literature. However there were some systematic deviations. In both sexes
weights were overestimated in the first part of the growth curve and they were
underestimated in the later part. Correlations between calculated and observed
weights did not decrease as the interval between observations increased from
1-7 days.

Growth curves were described in generations 6-14 of the 5 lines. Weights
were observed weekly between 1 and 8 weeks. Residual variances in these lines,
except W56L, were smaller than in the base population, probably because varia-
tion in the observed weights in the base population was smaller. This effect of
the variation in weight might also explain the higher residual variance in females
rather than in males and the low values in W56H, as follows from Table 4.2.
Residual variance increased significantly during generations in W56L.

The judgement of the differences in growth curve between lines was based on
the comparison of parameters & and 4 and calculated age at inflexion point ().
Changes in mean parameter values were used as indications for changes in
growth curves, while line differences and sex differences were estimated in
generations 13 and 14. Sclection for large RG decreased & and increased A4 and
t,. Selection for small RG had an opposite effect. Differences between RGH and
RGI. were significant (p<C0.001). In W56H k& decreased, while 4 and ¢, in-
creased. W36L showed opposite effects, Differences between W56H and W56L
were large and significant (p <C0.001).

Males had a smaller k and a Iarger 4 and #; than females. Sex differences were
with some exceptions significant. Within-litter correlations between RG and
parameters of the logistic function were estimated (Table 4.6). Partial correla-
tions were calculated too while 4 was kept constant (Tabie 4.7). It followed
from these calculations that the direct relation between RG and & was positive,
while the indirect relation via the relation of RG and % with mature weight was
negative. The differences between the selection lines showed, that the indirect
relation was stronger than the direct one, because the realised correlation be-
tween RG and £ was negalive.

A comparison of maturity rates, defined accordmg to TAYLOR and FiTzHUGH
1971, showed that selection in RGL and 'W356L gavean increased maturity rate,
while maturity rate in RGH and W56H was decreased. However changes in
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maturity rate were accompanied by opposite changes in mature weight. The
lack of systematic crossing of growth curves might be explained by the strong
positive effect of changes in mature weight on weights at young ages. These
effects were probably stronger than the effect of a change in maturity rates.
Plotting weights and ages on a relative scale showed that differences in mature
weight and in time taken to mature, did not determine all differences in the
growth curve. W56H and RGH had a smaller percentage of mature weight than
W56L and RGL at the same percentage of time taken to mature. Females had
a higher percentage of mature weight than males at the same percentage of time
taken to mature (Figure 4.5).

To examine whether there were differences in composition and efficiency of
growth between the selection lines, growth, feed intake and body composition
were observed in samples of mice. These samples represented mean genotypic
value of generation 11 of each of the lines. Weekly weights and feed intake were
determined between 3 and 15 weeks. Body composition was estimated in two
replicates per sex per line of 6 mice eachat 3,4, 5,6, 7, 8,9, 11, 13and 15 weeks
of age.

Males had a larger growth rate than females. Differences between RGH and
RGL were small; RGH had a higher growth rate until 10 weeks. Growth rate in
W56H was much larger than in W56L during the whole observed timespan.
Mice in W56L hardly increased in weight at all after 6 weeks of age. Feed intake
was rather constant after 6 weeks, Before this age it was increased, probably by
compensatory growth and extra activity during puberty. Differences between
RGH and RGL were small. Feed intake in W56H was much higher than in
W356L. Males ate more than females.

Feed intake and bodyweights were strongly positively correlated. Feed effi-
ciency decreased substantially in all lines until 6 weeks and remained rather con-
stant afterwards. Males had a higher efficiency than females until 8 weeks.
Differences between RGH and RGL were not systematic. Feed efficiency in
W56H was much higher than in ' W56L,

Ash percentage increased with aging. Differences between lines and between
sexes were small and not systematic. Differences in fat percentage were much
larger. It increased with aging, especially in W56H. Females had a higher fat
percentage than males. Initially, RGH was fatter than RGL. Differences be-
tween W56H and WS56L were very large. In W56H fat content increased up to
1/4 of total bodyweight. Protein content remained rather constant with aging.
However there were two exceptions; protein percentage increased substantially
until 9 weeks and decreased afterwards to the level of the other lines. This
indicated that weight increase in this line consisted more of protein and less of
fat until 3 weeks than in the other lines, W56L had a large protein percentage at
young ages, Water percentage was low. Water percentage decreased with aging.
These differences between lines and between sexes appeared also in the analysis
of differences in body composition at § weeks (Table 5.4).

Correlations, calculated within lines, sexes and ages between fat percentage
and other components were all significantly negative. Correlation between water
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percentage and fat percentage was —0.91. Correlation between protein percen-
tage and water percentage was 0.32. The other correlations between components
were not significant.

Efficiency of weight increase was calculated during intervals from 3 weeks
onwards. Gross energy efficiency decreased with aging, except for females in
W356L which had a very low efficiency from the beginning, Differences between
RGH and RGL were small and mostly in favour of RGH. Efficiency in W36H
was much higher than in W56L. Males grew more efficiently than females. Frac-
tion of energy intake deposited in protein decreased with aging. In males it was
higher than in females. In the first weeks RGH was slightly higher than RGL,
but afterwards this was reversed. Differences betweent W36H and 'WS56L were
large and in favour of W56H. However W56H was only slightly different from
C. So the higher feed efficiency in W56 was to a large extent based on fat
deposition. From the analysis of line differences and sex differences during the
interval of 3—38 weeks it followed that RGH took in 9 9 more gross energy, had
10% higher gross energy efficiency; however there was 239 less protein de-
posited per unit gross energy intake than RGL. W56H took in 40 % more gross
energy, had 145% higher gross energy efficiency and deposited 85 % more pro-
tein per unit gross energy intake than W56L. For sex differences these numbers
were 209, 32% and 40 %, in favour of males.

If the amount of deposited protein per unit gross energy intake was used as a
criterion for meat production ability of a line, it could be concluded that RGL
and W56H were similar and the best. Thus the higher feed efficiency in WS6H
in comparison to RGL was determined by the larger fat deposition in W56H.

It was concluded from the same criterion that males were much more efficient

for meat production than females.

Meded. Landbouwhogeschool Wageningen 74-8 (1974) 85



VIII SAMENVATTING

Om na te gaan wat het effekt is van de selektie op parameters van een groei-
curve, is uitgaande van één basispopulatie een aantal selektielijnen en een con-
trolelijn gestart. In de selektielijnen werd geselekteerd op een hoge en een lage
relatieve groeisnelheid tussen 21 en 29 dagen (RGH en RGL) en op een hoog en
een laag gewicht op 56 dagen (W56H en W56L). Naast het direkte selektieresul-
taat werd aandacht besteed aan de gevolgen voor enkele vruchtbaarheidsken-
merken, het groeiverloop, de efficiéntie en de samenstelling van de groei.

Om de invloed van maternale effekten, die voor het gewicht op 21 en 29 dagen
aanzienlijk zijn, uit te sluiten werd in de RGH en RGL lijnen geselekteerd
binnen worpen. Per worp werden één mannetje en €én vrouwtje gekozen. In de
C, RGH en RGL lijnen werden 16 paren per generatie pefokt voigens een
systeem van maximale vermijding van inteelt. In W56H en W56L werd massa
selektie toegepast. Per generatie werden 32 vrouwtjes en 16 mannetjes geselek-
teerd en volgens toeval gepaard. Het materiaal bestond uit de gegevens uit de
eerste 14 generaties van deze lijnen.

De inteeltcoéfficiént in de 14e generatie van de C, RGH en RGL lijnen was
opgelopen 1ot 10.59 en in W56H en W56L 1ot 18.4 en 18.9%.

De relatieve groeisnelheid {(RG) was gedaald in de controle lijn. Van een ver-
andering in het gewicht op 56 dagen (W56DD) was geen sprake.

De gerealiseerde erfelijkheidsgraad van de selektie op RG was 0.06 4+ 0.03 in
RGHen 0.10 £ 0.02 in RGL. Een gecombineerde schatting uit de divergerende
lijnen gaf een waarde van 0.08 - 0.01. Uit nadere analyse bleek, dat de effekti-
viteit van de selektie in de eerste generaties lager was dan in de latere. Door de
binnen familie selektie was het cumulatieve seiektieverschil in RG niet groot.
Het selektieverschil in RGH was kieiner dan in RGL. Tussen W56H en W56L
zijn grote verschillen ontstaan. In de laatste generaties waren de muizen in
W56H op 56 dagen germniddeld meer dan twee keer zo zwaar als in W56L.. De
gerealiseerde erfelijkheidsgraad voor ‘W36 was in WS6H 0.28 + 0.01 en in
W356L 0.35 £ 0.02. Een gecombineerde schatting vit de divergerende lijnen gaf
een waarde van 0.31 4 0.01.

Tussen C, RGH en RGL zijn vrijwel geen verschillen in staartlengte ontstaan.
Hetzelfde geidt voor de bevruchtingsresultaten, het aantal dagen tussen paren
en werpen, de worpgrootte en het overlevingspercentage tussen 0 en 56 dagen.
De staartlengte nam toe in W56 en af in W56L. Deze veranderingen in staart-
lengte vormen een afspiegeling van de verschillen in grootte, die tussen deze
lijnen zijn ontstaan. Het aantal dagen tussen paren en werpen nam in beide
lijnen toe; het aantal worpen daalde sterk in beide lijnen. De worpgrootte steeg
in W56H en daalde in W56L. De overlevingspercentages waren weinig verschil-
lend in beide lijnen. Eén en ander had tot gevolg, dat het aantal dieren op 56
dagen daalde. Deze daling was in W56L zo sterk, dat het selektieverschil in de
vrouwtjes in sommige generaties vrijwel nul werd.
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In alle lijnen was het sterftepercentage van de Se tot de 8e generatie verhoogd.

Het groeiverloop van de lijnen is beschreven met de logistische funktie.

W, = A)(1 + be™ %)

W, = gewicht op leeftijd ¢

A = asymptoot; een schatting voor het volwassen gewicht
b = integraal constante

k = parameter voor de snelheid van groeiverandering

Deze funktie is gekozen na literatuuronderzoek en het testen van de funktie
in de vitgangspopulatie. In deze nitgangspopulatic waren de gewichten dagelijks
vastgesteld tussen 18 en 61 dagen. De correlatie tussen de waargenomen en de
berekende gewichten was 0.97. Deze waarde stemt overeen met in de literatuur
vermelde. Wel bleken systematische afwijkingen voor te komen. In beide ge-
slachten werden aanvankelijk de gewichten overschat, terwijl het latere groei-
verloop werd onderschat, De correlaties tussen de berekende en de gevonden
gewichten daalden niet als het waarnemingsinterval werd verlengd van 1 tot
7 dagen.

Het groeiverloop in de 6¢ tot en met de 14e generatie van de 5 lijnen werd be-
schreven. Daartoe werden van alle dieren de wekelijkse gewichten tussen 1 en
8 weken bepaald. De restvariantie in deze lijnen, W36L uvitgezonderd, was lager
dan in de basispopulatie. Dit moet waarschijnlijk worden toegeschreven aan de
grotere spreiding in gewichten, waaruit de logistische funktie werd bepaald. Dit
verklaart tevens waarom de restvariantie bij vrouwtjes hoger was dan bij man-
netjes en in W36H het laagst en WS56L het hoogst was, zoals uit Tabel 4.2 volgt.
In W56L steeg de restvariantie signifikant.

De becordeling van de verschillen in groeiverloop tussen de lifnen werd ge-
baseerd op de vergelijking van de parameters k en 4 en de berekende leeftijd
waatrop het buigpunt werd bereikt (2,). De vergelijking van de veranderingen in
groeiverloop in de lijnen is gemaakt aan de hand van de veranderingen in het
gemiddelde van de parameters per generatie per Lijn en door middel van een ver-
gelijking van de lijnen en van de geslachten in de generaties 13 en 14. Die resul-
taten hiervan bevestigen elkaar. Selektie op een hoge RG verlaagde het tempo
en verhoogde het volwassen gewicht. Het buigpunt werd later bereikt. Selektic
op een lage RG had een tegengesteld effekt. De verschillen tussen RGH en RGL
waren zowel in generatie 13 als in generatie 14 signifikant (p <0.001).In W56H
was k gedaald; A en #, waren gestegen. In W56L werd het tegengestelde gevon-
den. Voor alle drie criteria werden tussen W56H en W36L grote verschillen
gevonden (p <0.001).

Mananetjes hadden een lagere k, een hoger volwassen gewicht en het buigpunt
op een latere leeftijd dan vrouwtjes. Deze verschillen waren op enkele uit-
zonderingen na signifikant. Schattingen van de binnen worp correlaties tussen
RG en de parameters van de logistische funktie werden verricht (Tabel 4.6).
Bovendien werden partiéle correlaties berekend, waarbij A constant werd ge-
houden (Table 4.7). Uit deze berekeningen volgde o.a. dat de direkte relatie
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tussen RG en k positief is, terwijl de indirckte relatie via het volwassen gewicht
negatief is. Uit de veranderingen in de selektielijnen bleck, dat het effekt van dit
indirekte verband sterker is geweest, omdat het gerealiseerde verband tussen &
en RG negatief was,

Een vergelijking van de mate van vroegrijpheid, gedefinigerd volgens TAYLOR
en FrrzaucH 1971, liet zien dat de selektie in RGL en W36L een grotere mate
van vroegrijpheid tot gevolg had, terwijl in RGH en W56H de mate van vroeg-
rijpheid daalde. De veranderingen in vroegrijpheid gingen echter gepaard met
tegengestelde veranderingen in het volwassen gewicht. Het feit, dat kruising van
de groeicurven niet systematisch optrad, moet worden verklaard uit het feit
dat de veranderingen in het volwassen gewicht waarschijnlijk meer bepalend
waren voor de hoogte van de gewichten op jonge leeftijd dan de verschillen in
vroegrijpheid.

Door de gewichten en de leeftijden tegen elkaar uit te zetten op een relatieve
schaal, bleek dat de verschillen in groeiverloop niet volledig werden bepaald
door de verschillen in volwassen gewicht en de tijd die nodig is om dit te be-
reiken. Bij eenzelfde percentage van de tijd, die nodig is om het volwassen ge-
wicht te bereiken hadden W56H en RGH een lager percentage van het volwassen
gewicht bereikt dan W56L en RGL. Vrouwtjes hadden bij eenzelfde procentuele
leeftijd een hoger percentage van het volwassen gewicht bereikt dan mannetjes
(Figuur 4.5).

Om na te gaan of er door de selektie verschillen in de samensteiling en de
efficiéntie van de groei zijn ontstaan, werden in groepen muizen, die een afspie-
geling vormden van de gemiddelde genotypische waarden in de 11e generatie van
elk der selektielijnen, groei, voeropname en lichaamssamenstelling bepazid tus-
sen 3 en 15 weken. Daartoe werden wekelijks de gewichten individueel en de
voeropname per kooi bepaald, terwijl de lichaamssamensteliing in telkens twee
steekproeven van elk 6 muizen werd vastgesicld op 3,4, 5,6, 7, 8,9, 11, 13 en
15 weken,

Manneijes groeiden sneller dan vrouwtjes. De verschillen in groeisnetheid
tussen RGH en RGL waren klein; tot ongeveer 10 weken groeide RGH sneller.
W356H had gedurende het gehele waargenomen trajekt een veel hogere groei-
snelheid dan W56L. In W56L groeiden de muizen na 6 weken vrijwel niet meer.

De voeropname was na 6 weken tamelijk constant. Daarvoor was de voer-
opname gestegen, waarschijnlijk door compensatoire groei en extra aktiviteit
tijdens de puberteit. De verschillen tussen RGH en RGL waren klein; W56H
had een veel grotere voeropname dan W56L. Mannetjes namen meer voer op
dan vrouwtjes.

De voeropname en het gewicht waren in hoge mate gecorreleerd. De voeder-
efficiéntie daalde in alle lijnen sterk tot ongeveer 6 weken en bleef daarna vrijwel
constant. Mannetjes hadden tot 8 weken een hogere efficiéntie dan vrouwtjes.
De verschillen tussen RGH en RGL. waren niet systematisch. W56H had een
aanzienlijk hogere voederefficiéntie dan WS56L.

Het aspercentage steeg enigszins bij het ouder worden. De verschillen tussen
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de lijnen en tussen de geslachten waren gering en niet systematisch. De verschil-
len in vetpercentage waren veel groter. Het vetpercentage steeg bij het ouder
worden, vooral in W36H. Vrouwtjes hadden een hoger vetpercentage dan man-
netjes. RGH was aanvankelijk vetter dan RGL. De verschillen tussen W56H en
WS6L waren zeer groot. In W56H steeg het vetgehalte tot 1/4 van het lichaams-
gewicht. Het eiwitgehalte bleef vrijwel constant bij het ouder worden. Hierop
waren twee uitzonderingen; in RGL steeg het ciwitgehalte aanzienlijk tot on-
geveer 3 weken en daalde daarna tot het niveau van de andere lijnen. Dit wijst
erop dat de gewichtstoename in deze lijn aanvankelijk veel meer uit spierweefsel
en minder uit vetaanzet bestond dan in de andere lijnen. Ook W56L had in het
begin een hoger eiwitgehalte. In alle situaties van een hoog vetgehalte was het
watergehalte laag. Het watergehalte daalde bij het ouder worden. Deze verschil-
len tussen de lijnen en tussen de geslachten bleken ook bij de analyse van de ver-
schillen in lichaamssamenstelling op 8 weken (Tabel 5.4).

De correlaties, berekend binnen lijnen, geslachten en leeftijdsklassen, waren
voor het vetgehalte met de gehaltes van de andere componenten alle signifikant
negatief. De correlatie tussen water- en vetgehalte was hoog (—0.91). Tussen
eiwit- en watergehalte was de correlatie 0.32 (p <{0.01). De correlaties tussen as-
en water- en tussen as- en eiwitgehalte waren niet signifikant.

De efficiéntie van de gewichtstoename werd bij toenemende intervallengte
berekend vanaf 3 weken. De bruto energetische efficiéntie daalde bij het ouder
worden, behalve in de vrouwtjes van W356L., waar de waarden vanaf het begin
zeer laag waren,

De verschillen tussen RGH en RGIL. waren kiein. RGH had meestal een iets
hogere bruto energetische efficiéntie dan RGL. W56H was steeds veel hoger dan
W56L. Mannetjes groeien efficiénter dan vrouwtjes.

De fraktie van de opgenomen energie die in eiwit werd vastgelegd, daalde bij
het ouder worden. Mannetjes hadden een hogere fraktie dan vrouwtjes. De ver-
schillen tussen RGH en RGL waren klein. Aanvankelijk was RGH hoger,
daarna RGL. De verschillen tussen W56H en W56L waren groot ten gunste van
W56H. W56H week echter maar weinig van de controle af. De hogere bruto
encrgetische efficiéntie van W56H werd dan ook grotendeels door de vetaanzet
bepaald. Uit de analyse van de verschillen tussen de lijnen en tussen de ge-
slachten in het interval tussen 3 en § weken bleck, dat RGH 9 %, meer energie
opnam, 109 hogere bruto energetische efficiéntie had, maar 23 % minder eiwit
aangezet had per eenheid bruto opgenomen energic. W56H nam 407 meer
energie op, de bruto energetische efficiéntie was 1459, hoger en er werd 859,
meer eiwit aangezet per eenheid opgenomen energie. De verschillen tussen ge-
slachten waren 20%, 32% en 40 % in het voordeel van de mannetjes.

Wanneer de hoeveelheid aangezet eiwit per eenheid opgenomen voer werd
gehanteerd als criterium voor de vleesproduktiegeschiktheid van een lijn, dan
waren RGL en W36H het gunstigst. Hieruit volgt, dat de hogere voerefficiéntie
in WS6H in vergelijking met RGL dus berust op hogere vetaanzet in W56H. Op
grond van hetzelfde criterium kon tevens worden geconcludeerd, dat mannetjes
aanzienlijk geschikter zijn dan vrouwtjes.
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