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SUMMARY

Recent developments in molecular biology and biotechnology have provided 
a wealth of mechanistic data about the control of animal growth, body composi
tion and appetite at the phenotypic level. Classical quantitative genetic 
methods must be combined with molecular genetics and endocrinology to gain a 
complete understanding of the amount and kind of genetic variation regulating 
growth. Identifying candidate genes that control growth, body composition and 
appetite will permit evaluation of the genetic contributions of the alleles at 
each locus to phenotypic variation. Estimating genetic variation in endocrine 
traits and their genetic covariation with growth, body composition and appetite 
will determine how useful these traits will be as aids to selection for lean 
tissue growth and feed efficiency.

INTRODUCTION

Animal geneticists have long emphasized the need to select for rapid growth 
rate in commercial livestock and poultry. Consumer demand for leaner meat (Topel 
and Kauffman, 1988) and higher costs of livestock feed have broadened the 
emphasis to include selection for decreasing fat content and increasing lean 
tissue growth rate and feed efficiency. Genetic improvement in these traits has 
occurred by applying classical breeding principles and quantitative genetic 
methodology, with little need for understanding the complex biological mechanisms 
underlying regulation and control of animal growth, body composition and 
appetite. In fact, until recently, knowledge of the biology of growth was poorly 
understood. Advances in molecular biology and biotechnology in recent years have 
led to an explosion in information about the control of growth at the phenotypic 
level (Campion et al. , 1989). Given this new bank of information, the challenge 
for geneticists is to determine the amount and kind of genetic variability 
associated with these control mechanisms and whether this genetic information 
can be used to improve the efficiency of selection for lean tissue growth and 
feed efficiency.

This main session provides a comprehensive review of recent developments 
in the genetics of animal growth. Goddard and Bulfield (1990) discuss myogenesis 
and the major factors controlling muscle growth and describe their research to
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identify the genes involved in control of proliferation and differentiation of 
muscle in poultry. Blair et al. (1990) review selection experiments in mice and 
sheep for insulin-like growth factor-I (IGF-I) and discuss the usefulness of this 
hormone as an aid to selection for growth. Thompson (1990) presents a 
comprehensive summary of sheep selection experiments for body weight and 
leanness. Kanis (1990) presents a biological growth model for use in selection 
for feed intake capacity in pigs and discusses implications of gene transfer 
experiments with growth hormone. I will present some challenges that face 
researchers in the genetics of animal growth.

"TOP-DOWN" VS. "BOTTOM-UP" STRATEGIES

Two general strategies for studying quantitative traits can be contrasted 
(Sing et al.. 1988; Atchley and Newman, 1989). The "top-down" approach employs 
the classical methods of quantitative genetics, including partitioning phenotype 
variability into genetic and environmental variance components, partitioning the 
complex trait into causal component traits, and evaluating direct and correlated 
responses to selection. The "bottom-up" strategy uses molecular genetics 
techniques and includes measuring allelic variability at loci affecting the 
quantitative trait to estimate the measured genetic contribution of the alleles 
and the loci to phenotypic variation in the trait. The top-down strategy has 
been the major method used to study the genetics of growth because of difficulty 
in identifying major genes with allelic variation which affect growth. However, 
integration of quantitative and molecular genetics methods will be needed to 
understand the complexities of growth (Atchley and Newman, 1989) .

Fortuitous discoveries have been made of a few major genes affecting 
growth, e.g., the double-muscling gene in cattle (Menissier, 1982), the dwarf 
gene in poultry (Hutt, 1953), and the high-growth gene in mice (Bradford and 
Famula, 1984). In the future, systematic search for major genes affecting growth 
should include statistical approaches such as complex segregation analysis 
(Elston and Stewart, 1971; Van Arendonk et al.. 1989) and the major gene index 
(Famula, 1986) and molecular methods like those based on restriction fragment 
length polymorphisms (Kessling et al.. 1985; Salmon et al.. 1988).

How then do we logically seek candidate genes that may affect a specific 
aspect of growth or body composition? We should be reminded that the critical 
question is not "how many genes are involved?" but "how many loci are there 
segregating which directly affect the development of the trait in the specific 
population?" (Thoday and Thompson, 1976). As an example, consider the regulation 
and control of the growth hormone axis. Allelic variation must be identified 
for the loci controlling synthesis of different peptides regulating the growth 
hormone axis, including growth hormone, growth hormone-releasing factor, somatos
tatin, a number of opioids, IGF-I and IGF-II (Millard, 1989). The evaluation 
of regulatory genes as well as structural genes will be important in this 
context. It may be, for example, that regulatory genes have a greater degree 
of polymorphism than structural genes. The next step is to determine how much 
of the phenotypic variance in growth can be accounted for by allelic differences 
at each locus.
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ENDOCRINE MECHANISMS

Sejrsen (1986) has presented a cogent argument for advancing knowledge in 
the genetics of growth by studying the endocrine mechanisms underlying genetic 
variation in growth, carcass composition and feed efficiency. In addition to 
hormones per se, receptor sites for different hormones are under genetic control 
Hormones generally affect several processes and interact with each other. The 
many hormones influencing growth include growth hormone-releasing factor, growth 
hormone, IGF-I, somatostatin, thyroxin, insulin, glucocorticoids, epinephrine, 
androgens, estrogens and other growth factors (Davis, 1988).

Evidence for genetic variation in circulating levels of a few hormones 
involved in growth regulation has come initially from correlated responses in 
selection experiments for growth and/or fat content. Selection for body weight 
has led to positive correlated responses for circulating thyroxine concentra
tions in mice (Cartwright et al. , 1980) and for circulating growth hormone 
concentrations in rats (O'Sullivan et al. . 1986). However, selection for growth 
rate in turkeys and quail has led to a negative correlated responses in growth 
hormone (Vasilatos-Younken et al. . 1988; Bacon et al. . 1987). This negative 
correlated response may be associated with an enhanced sensitivity of growth 
hormone receptors to growth hormone. In studies with pigs, selection for low 
backfat did not affect serum growth hormone levels, but selection for high 
backfat lowered growth hormone (Althen and Gerrits, 1976). A line of pigs 
selected for high rate of gain and low backfat had higher levels of serum growth 
hormone and somatamedin than did a line selected for low rate of gain and high 
backfat (Lund-Larsen and Bakke, 1975).

Realized heritabilities are low for the two hormones affecting growth that 
have been studied. Based on divergent selection, realized heritability for IGF- 
I was 0.15 ± 0.12 for family selection (Blair et al.. 1989) and 0.10 + 0.01 for 
individual selection (Baker et al. . 1990), and for thyroxine was 0.09 + 0.02 
(Tilakaratne et al.. 1981). Body weight showed positive correlated responses 
due to selection for both IGF-I and thyroxin. The relatively low heritabilities 
for IGF-I and thyroxin may be the result of uncontrolled environmental 
influences, e.g., nutritional state (Sejrsen, 1986).

As more evidence becomes available on the magnitude of genetic variation 
in endocrine traits and their genetic covariation with growth, body composition 
and appetite, it will be possible to determine if hormonal levels, number of 
receptor sites or other endocrine and physiological traits can enhance efficiency 
of selection for lean tissue growth and feed efficiency.
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