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INTRODUCTION

Fisher and wright in the early 1920's were largely responsible
for the mathematical theory on which present day population genetics is

based. Lush (1945) applied this theory to animal breeding problems.

Mendelian theory formed the basis for the genetic theories of
populations just as it did for individuals. But now many genes were
consiaered to be associated witn the productive characters that were
studied and a continuous rather than a discontinuous scale of measure-

ment was used.

Up to now a large proportion of animal breeding research has
been devoted to the estimation of phenotypic and genetic parameters
based on the assumption of additive genetic variance. But many
laboratory selection experiments have demonstrated the importance of
a wide variety of gene and chromosome interactions which would suggest
a more careful evaluation of the additive nature of gene action is
needed. Selection theory would suggest that the estimated genetic
parameters may not adeguately predict selection response over a long

term experiment.

The mathematical theory of population genetics has always
tended to outstrip both verification of these theories with laboratory

species and practical application of these theories to domestic species.

For example the nature of genetic variation of metric
characters, moulded by natural selection during evolutionary history,

and the relationship between genetic variation of metric traits and



'fitness' are questions which need considerably more study (Robertson

1955, 1958, 1963).

Because population genetics deals essentially with genes and
final genotypes there still remains a vast developmental gap between
the two (Rae 1958). Thus although population genetics theory, as
applied to animal oreeding problems, has succeeded in bringing about
significant genetic changes in population, it could still be said that
this approach has to some degree only defined the problems, rather than

actually solved them.

Physiological genetics is the study of developmental and other
processes through which genetic differences come to expression as phen-

otypic differences.

#right (1941) discussed in some detail the physiology of the
gene as it was then understood with particular reference to his work on
the interactions of genes and substrate to produce melanin pigment in
the guinea pig. More recent work in this field has confirmed and
expanded Wright's theories. Thus although genes were first postulated
from their end effects expressed in different phenotypes, the biochemical
discoveries of deoxyribose nucleic acid (DNA) as the genetic material
and the rapid advances in knowledge of the nature of gene action, now
provides a definite basis for further advances in developmental genetics.
A few steps in the chemical pathways of pigment production in mice,
drosophila and some plants have been discovered, but the complexity of
higher organisms has discouraged extensive experimentation in this field.
Because fewer steps intervene between the gene and the phenotypic character

in relatively simple organisms such as protozoa, yeast, bacteria and



viruses, most investigations have been concentrated on these organisms.

Another approach which has been developed is that of canalis-
ation - the tendency for a developmental process to produce a definite
end result in spite of the genetic and environmental forces tending to
produce variability (4addington 1957). The disruption of canalization
(or the uncovering of genetic variability in an invariant character) by
either genetic or environmental means has been demonstrated in laboratory

species.

Cockrem (1962) has discussed a possible approach for the
selection of domestic animals on physiological traits. As Cockrem
pointed out, the knowledge of domestic animals' physiology, biochemistry,
endocrinology and other fundamental developmental processes has increased
markedly, as have the technijues available to study these processes in
more detail. Tnis physiological approach has been used for the analysis
of the effects of the N gene in Homney sheep (Cockrem 1956) ana to study

face cover relationships in Romney sheep (Cockrem 1967).

Although population and physiological genetics have to some
extent developed along separate paths, there is obviously a fundamental
and important connection between the two. Thus a number of population
geneticists (Rae 1958, Robertson 1958, 1963, Cockrem 1962, Turner 1964
and Freedeen 1966) have suggested that the future of animal breeding
research lies in a closer liaison between the geneticist and the other
biological disciplines. If there was more knowledge of the physiological
and other processes governing the variability in the characters which are
being selected, the efficiency of selection may be increased by selecting

nearer and nearer to the gene action (Cockrem 1962). Also the mechanisms



by which some breeds, or individuals within a breed, adapt to certain
environments better than others may be studied at a more fundamental
level. Another way to use this approach is to select two or more

lines from a common base population and then study possible physiological
differences between these lines. Work of this type has had some success

in laboratory species, especially mice (Roberts 1965).

This thesis study uses known and postulated physiological
functions of the tail as a basis to study the genetic correlation between

tail length and body weight in the mouse.

Selection has been carried out for body weight in the mouse in
three temperature environments. I'he correlated response of tail length
and other characters were also observed. ihile tail length is temperature
labile (greater tail length growth in a hot environment than a cold
environment), there is also a fairly strong genetic correlation between
body weight and tail length (Falconer 1954). It has also been suggested
that the functional reason for the increased tail length in a hot environ-
ment is that it acts as a 'heat radiator' (Harrison et al., 1959), while
this suggestion has been refuted by other workers (Cockrem 1963, Barnett

1965b).

Cockrem (1959) showed that it was possible to produce lines of
mice with opposite relationships to those predicted by the genetic corre-
lation between body weight and tail length, by using an appropriate
selection technique in a temperate environment. In this study the
possibility that a similar result may bé bbtaiued by selecting for body

weight in hot and cold environments is also being investigated.



In conclusion it could be said that this experiment is

studying three major factors:

1e Selection response and associated correlated responses

in three temperature environments,

2. Possible genotype-environment interactions between the
selected lines and the three temperatures and possible

changes of genetic correlations in different environments.

3. The relationship between body weight and tail length in
the mouse with special reference to the function of the

tail as a thermoregulatory organ.
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Chapter I

REVIEW OF LITERATURE

INTRODUCTION

This thesis topic involves the major fields of genetic and of
temperature effects on body weight growth in the mouse as well as the

appropriate correlated aspectis.

The relevant literature is therefore considered in these two
major sections with a third smaller section reviewing maternal effects

and fertility in the mouse.

A. GoNETIC a4SPuCIlS CF GROwTH

Review articles by Chapman (1951, 1961) and Roberts (1965)
cover most of the relevant material on selection for body growth in
the laboratory mouse and rat. The theory and analysis of selection
experiments, using results from the laboratory mouse, are also covered

in the book by Falconer (1960a).

: 1 Selection for body weight

Several experiments on selection for body weight in mice have

been described and these are summarised in Table 1.



Scummary

TABLE 1

of selection experiments for body weight in mice

reference

Base Population

Type of iselection

-

o= . . =
fealised h

Selection Limit

Remarks

Gooaale (1938, 1941)

5 male and 11 female
albino mice.

Progeny test. Une
male mated with about
five females. Selected
for body weigut at 60
days of age.

Not available.
Response = 0.6
gm/generation,

Limit reached

sfter about 28
genercations. lMales
tnen averzged cbout
4% gms c«f. the
starting point of
about 25 gms.

No control line kept

&
Macirthur (1944a, 1949) 3ix inbred strains 3elsction for high and Nealised h° declined Limit after about 23 I'wo=-wzy selection
crossed. low 60-day weizght. from 254 to 10% over 21 senerations. Large also provided in-
Combination of mass and gencrutions. (Resgponse line males then about built control.
sib selcction with some measured &s aivergence 38 gms, smsll line asymmetry of
progeny testing. Mating between hign ana low nules averaged about resyonse - greater
at random,; each msle with lines). 606 of totsl 12 gus. Divergence resgonse Upwards.
several females. change in first 7 gener- of 21 times the orig- Sue to change of
afions. inzl genetic stunderd variaznce witia tle
deviation. mean. sumber of |
correlsted responses |
1 notede. h
=
fuleoner (1953, 1955) Four inb selection for high and Realised h° 204 for liesponse cezsed in Correlated respon-

red strains
crossed (N-strain).

low six weex welght.
within litter selection -
one wele wnd one female
from each family. Bix
pairs mated per genera-
tion at random with no
sib mating. Litter
size standardised to
eight mice.

upward selection and 50k
fqr downward. Lkealised
h" calculated frow the
divergence was 354

both lines after
wbout 20 generstlionss
Large line about 28
cnd small line 12 gm.
Divergence of 16 times
the original genetic
standard deviation.

bm

ses noteda., Causes
of asymmetrical
response ulscusseds
Further discussed
by Falconer (1960a)




contdees

deference

Base Fopulation

Type of Selection-

Kezlised h

Selection Limit

Remarks

sahnefeld et al.

(1963)

Reelprocal cro
inbred strains.

E &S

ass selection for
Z

growth between 3% and

. e
Realised h~ about 100.
Heritubility estimztes

Progress still

b'&'ihb made after

H4ighly inbred line
45 4 control pop-
ulation.

a5

& weeks of age. varied from 224 to 26p. 17 generations.
Chan_e in mean growth
4 to 5 gms - six
times tune originasl
scenetic standard
adeviation.
| Satherland et als (1965) [hree selection lines with hass selection for Realised heritatilities Only ten generations Generations 10 to
(abstract onlyJ. diverszz crigins plus a gaining ability between were 2ho, 274 and 30u of selection reported. 14 selecticn for
control line. L uni 11 weeks o in the three lines. Limit not yet reached. efficlency focd

consumption and

e o PP |
géin, respectivelye.




In other experiments large and small strains of mice have

been crossed to examine further inheritance of size in the mouse.

Butler (1952) made five crosses between mice of different
bedy size, which included MacArthur's and inbred strains. In all five
crosses the F1 and F2 means were intermediate between the parents.

The backcross means were half-way between the F1 and the respective
parent. Butler concluded that on a gram scale at least part of the

factors which affect body size are proportionate rather than additive.

Chai (1956a, 1956b) used the same approach and came to
similar conclusions, although using completely different strains in

his crossese.

Lewis and warwick (1953) also utilized MacArthur's lines in
an experiment where the large and small lines which had reached a limit,
were crossed with an unselected control line from the same strain.
Selection for large and small 60 day weight was effective over five
generations in both inbred and outbred populations derived from common
— parent stocks. The realized heritability was only slightly lower in
the inbred line (42% and 37% respectively). Presumably an infusion of
genes from the base population was responsible for the renewed response.
This was also found by Falconer and King (1953) who crossed MacArthur's
and Goodale's lines which had reached a limit and obtained a renewed

response to selection for body weight.

These selection experiments reviewed here, although employing
different methods of selection, different.base populations and different

management procedures, haie showﬁ‘that selection for body weight is



feasible and that a realized heritability in the range of 20% to 40%

is usually obtained.

Falconer (1955, 1960a) has estimated that many genes of
approximately equal effects contribute to the additive genetic variation
of body weight in mice. Asymmetry of response is a fairly regular
occurrence in two-way selection experiments, but it is often difficult
to differentiate between various possible causes of asymmetry of response

(Falconer 1960a).

Heritabilities are a function of a particular population and
a particular environment (Lush 1945, Falconer 1960a). Thus responses
to selection should not be expected to be the same in different selection
experiments. However, allowing for the many differences outlined above,
the responses to selection for body weight in different experiments have

been remarkably similar.

2e Genotype-environment interaction involving weight

A genotype-environment interaction occurs when the ranking of

a number of genotypes changes when the environment changes.

The existence of genotype environment interaction may mean that
the best genotype in one environment is not the best in another environ-
ment. This is of importance in animal breeding, since the prevalence
and intensity of genotype-environment interactions will determine the
degree to which animals will need to be selected in the environment in

which they are to be used.

Hammond (1947) suggested that animals should be bred in an



optimum environment for the maximum expression of their genotypes. He
further postulated that animals so selected would still be superior when
transferred to poorer environments. At this time there was no objective

evidence to judge the validity of Hammond's premises.

Falconer (1952), in a theoretical study of the problems of
environment and selection, pointed out that, if only two different
environments are considered, then genotype-environment interaction may
be expressed as a genetic correlation. Thus performance in the two
different environments can be regarded as two different characters which
are genetically correlated. The theoretical conclusion was that the
expectation of a great increase in heritability would be the only justi-
fication for favouring selection in an environment other than the one

in which the improved breed was required to live.

Falconer (1952) only considered two different environments,
but Robertson (1959) and Dickerson (1962) have extended the theory to
the case of more tnan two environments. It is now more convenient to
estimate the average degree of genetic correlation from the orainary
components of variance for genotypes and for interaction. The errors
involved in this method and the optimal structure for analysis are

discussed by these authors.

McBride (1958), who has reviewed genotype-environment inter-
actions as they affect animal breeding, has noted that two main experi-
mental approaches have been used to study genotype-environment interactionms,

which he called the static and dynamic approaches.

The static approach screens the normal range of genotypes found
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in a population in two or more environments.

However the importance of the environment in selection studies

can only be answered conclusively by actually selecting in different

environmental conditions, that is, a dynamic approach.

(i)

(ii)

Dynamic approach

The different selection experiments for body weight in
different environments also lend themselves to tabulation

(Table 2).

The general conclusion is that animals should be selected
in the environment in which they are to live, which is in
agreement with Falconer's theoretical conclusion. But the
asymmetrical correlated response, found in both Falconer's
experiments, was not expected. Falconer (1960b) found that
over the first few generations the results were in reasonably
good agreement with the theory and suggested that the discrep-
ancies probably arose from changes of the genetic parameters

which tock place during the course of selection.

Bohren, Hill and Robertson (1966) have also studied this
problem using both algebraic treatment and computer simulations.
They suggest that any symmetry found in correlated responses is

perhaps more surprising than asymmetry.

Static approach

As well as the dynamic approach, a number of workers have

used the static approach.



PABLE 2

Summary of selection experiments for body weight in different environments

neference

Buse Population

Type of Selection

Environments

Realised h2

Change of
snvironments

Remarks

Falconer and
Latyszewski (1952)
|
|

|

Four inbred strains
crossed (N=-strain)

selection for high
six week weight.
Selection within
litterse. Mating at
random with no sib
matinge. Six single
pair matings per gen-
eration. Une imnule and
one femsale from each
family. DLitters
standardised to eight
mice.

Cne strain fed

ad lib. while the
other restricted to
about 755 of normal
intake, from weaning
at 3 veexs until 6
weeks of age. Restri-
cted aiet reduced 6
week weight by about

1 O.lb L]

29% on restricted
diet and 204 on full
diets Selection
over ei ht gener-
ationse.

Made after 5, 7

and 8 generuztions

of selection. when
reared on full diet
the full diet strain
were just superior
to tane restricted
diet strain. On
the restricted ciet
the restricted aiet
strain were superior,
the full diet strain
showing no improve-
ment over the
unselected level.

conclusion was
that should
select animals
in the environ-
ment in which
tuey are to live.
But asymmetrical
correlated
response not
explazineds Also
some correlated
responses noted.

stock =

SR Lot A
COILES LI ab

o
o

i T 5n P Al it Tt
t:,, +I00L CI'Cocoflo

between bBate

nigh lactation line,

Facarthur!
Goodale's
lines and
C57BL/Ta.

strain.

8 &nd
large
the

inktred

fed normal
diet ¢ 1libs Other
line fed normal diet
ad 1ibe c

50,0 aigestable fibre.

une lins

piluted with
Low uiet fed from 3
to 6 weeks of age -
reduced growth by
about 2Cue

Upwara selection -
nighplane 26p, low
plane 310. uJown-
rd selection -
high plane 424, low
plane 25k, Calcu-
latea up to
generation seven.

Thirteen gener=tions
of selection - ecucl
generation growta of
all four lines n
ured oan high and low
planess Selection

for increased growth -
best 'all-round'
performunce from
selecticn on low

plane as before.
Selection for decreased
growth reduced growth
on high plane only by
selection on high plane,
while growth on low
plane was reduced
equally by selection

on high and low planes.

D
()

i
]

General result -
select in the
environment in
shich snimals are
to live. If gooa
performance under
a variety of con-
ditions Lis
desired, then
selection should
be mzae under the
conditions least
favourapble to the
desired express-
ion of the
character.
Asymmetry of
resgonse between
up and down lines.




TABLE 2 Contd.ss

Reference

Base Population

Iype of Selection

knvironments

Realised h2

Change of
Environments

Hemarks

Park et al. (1966)

Four highly
inbred lines of
albino rats
crosseds

Mass selection for
post weaning gain
(3-9) weeks of age)e.
20-30 single pair
matings per line.
Litter size standard-
ised to six. Also
random bred control
line.

Three feeding regimes -
(1) ad lib. feeding of

standard diet (full
feeding - F.F.)

(2) Restriction of feed
or less of

intake to E
F.F. (low feeding =
L.F.)s (3) 4Ad 1libe.

feeding of diet with
only 144 protein (low

protein - L.P.)

F.Fo - 10-51‘7
h.F. -~ 5.7/0
L-Po - 110916

Selection for 17
generations.

sxcnange of environ=-
ments in generations
be S5 8 10 s I3
and 17. Vhen comparecd
in each regime, the
selection line
developed in that
regime tended to give
a larger response
than those developed
in other regimes.

Some evidence
that F.F. line
more adaptability
in other environ-
ments than L.F.
of L.P. lines.
L.P. line only
selected from
generations 1-=6
and generations
11‘170

Dalton and
Bywater (1%63)

4 inbred strains
crossed.

belection for litter
size snd litter weight
at weaning (25 days of
age)s Largest whole
litters selected and
whole litters who were
neaviest at weaning.
Mating at rundom = no
sib mating. 4lso
rzndom bred control
line in each diet.

Normal diet and
diluted ciet (30w
cellulose added) fed
ad libe.

Litter size = 6%
normal ciet =25
diluted aiet.
Litter weight

6% normal diet
=20 diluted diet.
High correlation
between litter
size and litter
weight,.

No significant respon-
se was obtained to
selection for litter
size or litter weight.
Ine diets used did not
bring about a aiffer-
ential response to
selection for the
traits and tne
response to the die-
tary switch wus small
and temporary in its
effect.

Due to strong
maternal effects
and low h~, no
selection
response for
litter size or
litter weight

at weaning in
these mice.

Korkman (1961)

Wild agouti-type
mice originally
captured prior

to 1957 and
selected for
large and small
sex difference.
These two strains
crossed.

Within litter selec=-
tion for 40-day body
weight. 15 pairs
mated per generation.
Least related mice
mated.

Normal aiet - mice
bread and wheat germ
ad libs Low plane-
feeding every
alternate day. Very
low plane of
nutrition.

High plane = 22%.
Low plane - 7n.
Low plane mice
averaged 12 gms
at 40 days of
age and high
plane mice 19
gElMSe

Selection for 18 gen-
erations. Changes of
environment in 7th,
10th, 13th and 16th
generations, Mice
selected in their
environment superior
to mice selected in
other environment and
tested in new environ-
mente.

Conclusion -
performance best
improved by
selection in that
plane of nutrition
in which the per-
formance is
subsequently to

be measured.
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Young (1953) studied genotype-environment interactions
in the growth rate and reproductive performance of three strains
of mice when kept in two food and two temperature environments
arranged in a factorial design. The results were largely

negative, but three positive interactions were found.

Bakels (1963) tested four sire progeny groups of albino
mice on two diets varying in protein content. The 15 day litter
weight was measured and then corrected for weight of dam immediately
after parturition and litter size. Analysis of variance using
the corrected litter weights revealed that there were no sig-

nificant interactions between sire groups and diets.

Barnett and Scott (1963) showed that inbred strains of
mice A and A2G, pborn and reared at an environmental temperature
of -3°C, were lighter at the ages from 3 to 16 weeks than were
the controls at 21°C.  But the body weight of mice of strain
C57BL was unaffected by the low temperature. Also the growth

of two F1 strains of mice was not depressed by the cold.

Barnett and Coleman (1960) revealed an enhancement of
heterosis in the cold environment. F1 mice obtained by crossing
A2G and C57BL mice were found to be more fertile than either
parent at 21°C and -3°C. But the difference was muﬁh greater
at -3°C where about five times as many mice were reared by the

F. mice, as by the inbred lines, while at 21°¢c only twice as

1

many mice were weaned by the F1 parents.

Harrison (1963) showed that growth was depressed in a hot

environment (32°C) in two inbred strains and the F, hybrid.
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But the magnitude of this depressing effect differed in the
different strains, the F,| hybrid being least affected. The
difference in the growth of the hybrids and inbreds also
showed that, at least for the inbreds, a high temperature was
favourable for growth in young animals, but unfavourable for

mature mice.

Cockrem (1963) exposed two strains of mice differing
in body weight-tail length ratio to three temperatures
(7 21 and 32°¢). For both strains and sexes of mice, the
cold (but not the hot) environment depressed body weight
growth. There were no interactions and the effect of the

temperatures was proportional in both strains of mice.

Bigham (1965) stucied the responses of four strains of
mice in the same three temperatures that Cockrem used. Light
different characters of the mice were studied, which included
body weight and tail length and the relationship between these
characters. Rate of body weight growth (3 to 6 weeks)
differed between the strains in eacn temperature environment.
It was conclude