THE MAJOR GENE FOR RAPID POSTWEANING GROWTH IN MICE: A REVIEW
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SUMMARY
Evidence for a major gene in mice, inherited as an
autosomal recessive, which increases postweaning growth rate and
mature size by as much as 50% has recently been presented. The
gene is expressed in both growth neutral and growth selected
backgrounds without dramatically altering the chemical composition
of growth. The gene also acts to decrease the maintenance energy
requirements at the same time it increases the energetic efficiency
of growth. Current data on skeletal growth suggest that growth
hormone is not the principal initiator of these observations.
In
general, the fertility of both males and females homozygous for the
major allele is lower, yet more variable, than that of controls
without the major gene.
INTRODUCTION
Traditionally, genetic improvement in meat production in
animals has emphasized selection for growth (weight) at a fixed
age. Progress is possible given the moderate amount of genetic
variation that exists between and within species of mammals.
In
mice, such evidence is found in selection experiments and from the
differences in growth rate among inbred lines and their crosses
(reviews: Roberts, 1966; Eisen, 1974). With rare exceptions this
variation is continuous in nature and induced by the expression of
many genes, each of relatively small effect. There is also
discontinuous variation, however, in the form of dwarf and obese
mutants (Green, 1981).
Recently Bradford and Famula (1984) have documented the
existence of a major gene for rapid postweaning growth in mice.
This recessive allele (denoted hg for high growth) can increase
postweaning gain and mature body weight by 30 to 50% over
individuals not homozygous for the allele with no dramatic effect
on body composition (Calvert et al., 1984, 1985).
Identification
of the product/action of this gene should provide considerable
insight to the genetic regulation of the growth process. For
success an integrated, top down approach has been adopted. This
approach begins with the collection of descriptive information on
the differences in growth, carcass composition, muscle histology,
energy metabolism and protein metabolism in stocks of mice with
differing genetic potentials for growth. The objective of this
report is to present a review and summary of the work accomplished
to date and to present future areas of investigation.
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EXPERIMENTAL MATERIAL
A complete history of the stocks used to establish the
existence of the major gene for rapid postweaning growth can be
found in Bradford and Famula (1984). The research discussed here,
in general, makes use of four unique stocks of mice. The purpose
of the four stocks is to examine the effect of the major gene (hg)
in a growth selected background and a growth neutral background. A
brief outline of their history is in order.
The origins of the major gene can be traced to Bradford's
(1971) line G, selected for rapid postweaning growth. To insure
that line G would not be lost due to lowered fertility, a subline,
G', was begun with the same selection criterion.
The major gene
first arose in line G', which also suffered from poor fertility and
was therefore crossed to line W, a high fertility growth selected
stock with 50% line G inheritance, to form line H. Since lines G
(Hg/Hg) and H (hg/hg) differed in background genotypes, the two
were crossed, and lines with and without the hg allele, Gh and GH
respectively, were extracted from the !F2'. These two lines are
expected to have similar genetic compositions, other than at the hg
locus, and should thus be suitable material for the study of the
effects of the hg allele in a growth selected background.
The development of stocks with the h g allele in a growth
neutral background also began with line H. In an effort to improve
reproductive performance, line H was crossed to a high fertility
high litter size line (JU), which had not been selected for rate of
gain. Homozygous hg/hg individuals were extracted from a backcross
to H to form line H', which then served as the source of the hg
allele for transfer into a standard inbred line, C57B1/6. From the
F2 derived from the second backcross to C57B1/6 and therefore
carrying 87.5% C57B1/6 inheritance, large (hg/hg) segregates were
intermated to form line Ch, and their normal sibs intermated to
form line CH. In both CH and GH, all litters with hg /h g segregates
were discarded, and both lines were judged to be homozygous Hg /H g
after generation 7.
BODY COMPOSITION AND EFFICIENCY OF GROWTH
Most reports of the effect on body composition of
selection for growth rate in mice have demonstrated an increase in
percent body fat at a constant age (reviews by Eisen, 1976;
Roberts, 1979; Malik, 1984). In some cases the proportion of fat
in the body has increased dramatically. Yet, examinations of
carcass composition in hg /h g mice (Calvert et al., 1984,1985)
have consistently shown that the gene has a general influence on
all chemical components of growth.
Calvert et al. (1985) present data on the serial
composition of growth in males of lines Ch and CH from day 21 to
day 57 of age. Analysis of changes in body water, protein, fat and
ash across ages demonstrated that the Ch mice had significantly
greater percents of body water and fat while having less protein
and ash when compared to their CH counterparts. When the effect of
384

body weight was included as a covariate, however, the difference in
body lipid betweeen genotypes was no longer significant. At the
same time Ch males continued to maintain a slightly, but
significantly, greater amount of body water while protein and ash
levels remained lower than in CH males. The conclusion is that the
very slight but significant differences in amount of water, protein
and ash in the Ch mice were the result of a slower rate of
maturation. Similar, though not identical, results were presented
in Calvert et al. (1986) for males of lines Gh and GH. The major
gene appears to have a positive influence on weight gain,
regardless of genetic background, with no specific change in the
partition of energy or protein to lean and fat.
Calvert et al. (1986) examined the efficiency of growth
in the four lines. Food consumption by Ch was increased by 28.2%
compared to CH, while consumption by Gh was 35.3% greater than GH.
Feed efficiency, measured crudely as gain/feed, was increased by
38.4% in Ch mice over CH and by 14.3% in Gh over GH. This is in
agreement with a considerable number of other published reports
regarding the effect of selection on feed consumption and
efficiency of utilization (Roberts, 1979; Malik, 1984). Assuming
similar maintenance energy requirements, estimated net energetic
efficiencies were improved in mice with the major gene for growth
over their respective controls.
To estimate the true efficiency of utilization, the
effect of the hg allele on maintenance energy requirement and net
energetic efficiency of Ch and CH mice was examined in a
comparative slaughter experiment (Bernier et^g^., 1986).
Regressions of changes in body energy per kg ' on metabolizable
energy intake per kgJ/4 indicated that the maintenance energy
requirements averaged 164 kcal/(kg
*d) and 155kcal/(kg
*d) for
line CH and Ch, respectively.
Net efficiency of energy utilization
was 38.5% and 40.5% for line CH and Ch, respectively. The
increased energy gain of line Ch was largely due to an increase in
fat energy deposition.
In essence, the results of this experiment
demonstrate that the hg allele serves to increase fat energy
deposition and to a lesser extent lean body energy deposition.
This increase in fat energy deposition caused an increase in net
energetic efficiency. However, the hg allele also produced a small
reduction in the maintenance energy requirement.
ORGAN AND MUSCLE GROWTH
In light of the data presented above on efficiency of
feed utilization, several other simple, descriptive investigations
were undertaken. The first examined the relative growth of viscera
and skeleton in lines Ch and CH from 21 to 56 days of age
(unpublished data) . Because a few organs (in particular liver,
heart and kidneys) account for a disproportionate share of energy
consumption, a study of changes in organ weight can aid in the
determination of the metabolic impact of the hg allele. Similarly,
comparing skeletal relationships between body and limb length can
indicate differences in the relative importance of growth and
steroid hormones. In this way, simple measurements of viscera and
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skeleton can provide valuable preliminary information on the
physiological effects of the hg allele.
In examining the relationship between organ weights and
total body weight (or of femur length to total body length) the
mogt common analysis is to use the allometric power function y =
' J^ere y ^-s the observed organ weight or femur length and X i.s
the observed total body weight or naso-anal length, and a and b are
unknown parameters to be estimated. Parameter estimates indicate
that rates of organ and long bone growth are not different between
lines with and without the major gene. The only differences are
found in the estimates of a (which is the allometric function's
equivalent to an intercept) for liver, kidney and femur length.
Predictions from the fitted allometric regressions indicate that Ch
mice have smaller kidneys and liver for a given body weight than CH
mice. This finding fits well with the previous discussion on lower
maintenance requirements for Ch mice. Similar predictions for
femur length show that Ch mice have significantly shorter femurs
for a given body length than CH mice, indicating that the major
gene is very likely not associated with the growth hormone cascade.
Preliminary work has recently been completed on several
measures of muscle growth and histology in lines Ch and CH
(unpublished data). Though results are based on only a few mice,
several tentative conclusions are suggested. The muscles under
study were the soleus and the plantaris. The two muscles are
synergistic in plantar flexion of the foot. The former is a highly
aerobic muscle which contains approximately 20% fast-twitch and 80%
slow-twitch muscle fibers. The latter is primarily an anaerobic
muscle with a small percentage of slow-twitch fibers. The
preliminary results suggest that the major gene induces a shift in
muscle metabolism to a more anaerobic state, especially in the
plantaris where there is a large increase in the population of
alpha-white fibers (fast-twitch, anaerobic) at the expense of
alpha-red fibers (fast-twitch, aerobic). This shift in fiber type
was accompanied by a decrease in fiber number, capillary number and
thus capillary density for Ch mice compared to CH controls.
FERTILITY AND REPRODUCTIVE PERFORMANCE
Most of the currently available data on the effect of the
hg allele on fertility and reproduction is taken from female

fertility and litter size records and is documented by Bradford and
Famula (1984).
in general, fertility of h g / h g males and females is
lower than that of comparable H g / H g individuals, though quite
variable from one sample to the next. Moreover, the depression in
fertility is greater in stocks that have been selected for growth
that also contain the major gene (e.g. line G h ) . The cause of this
reduction has not yet been established, but some preliminary,
descriptive results are available.
To examine the effect of the hg allele on fertility
females of lines Ch, CH, Gh and GH were sacrificed 14 days after
mating to count number of corpora lutea, number of implants and
number of fetuses. In each case, the mate of these females was a
randomly selected male from the same line as the female. A second
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set of data was collected on females of the same four lines;
however in this case all females were mated to males of a high
fertility line, JU (see Eklund and Bradford, 1976). Preliminary
analyses of these data indicate that the major gene for postweaning
growth can also have a profound influence on ovulation rate and
prenatal loss. For example, mean ovulation rate in females mated to
males from their own line indicate that the major gene increases
ovulation in a growth neutral background, yet has little effect in
a growth selected background. Correcting for changes in body
weight mediated by the hg allele will likely reveal little effect
of the hg allele on ovulation, directly. When females of each of
the four stocks were mated to JU males, the major gene had a
depressing effect on ovulation in the growth selected background
while affecting an increase in the growth neutral stock. Moreover,
we note the interesting phenomenon that mean ovulation rate is
increased in all four stocks when females are mated to JU males as
compared to mating with males of their own line. In these measures
of reproductive performance, the influence of the major gene
appears to be dependent upon the genetic background of the
individual, quite unlike the effect of the gene on growth traits.
Additional data on reproductive measures in males are
also just becoming available (P.J. Berger, 1985; unpublished data).
Making use of lines Ch, CH, Ch and GH, measures of testis weight,
sperm count, and motility were taken over several generations. A
summary of these results indicates that Ch males have
siginificantly smaller testes than CH males, in absolute terms as
well as relative to body size. Measures of sperm motility and
count similarly show that more sperm are viable in line CH than in
any other stock, with siginificant reductions in sperm count in Ch
compared to CH and Gh compared to GH. Thus, the hg allele appears
to reduce fertility in males and females in both genetic
backgrounds. Perhaps, as some of the organ and skeletal growth
data suggest, the hg allele is intimately involved in steroid
hormone production or function. Research with this possibility in
mind is currently underway.
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