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SUMMARY

The session examines recent developments in the genetics of lean growth 
in pigs, poultry and laboratory mice. As well as feed efficiency and lean 
content, the selection emphasis in pigs seems likely to shift towards meat 
quality and efficiency of the whole production system. Increasing fatness in 
broilers, ducks and turkeys means that this trait will need to be added to the 
selection objective. Immediate research priorities are therefore to develop 
in vivo measures of fatness in poultry and meat quality in pigs. Longer term 
requirements are to understand genetic relationships between appetite and lean 
growth rate, and between protein synthesis and degradation rates. Due to their 
relatively higher maintenance requirements, laboratory mice may offer a poor 
model of genetic associations among commercial traits, but an adequate model 
for the underlying biological components. The ultimate challenge must be to 
develop physiological measures of lean growth which will remove the need for 
performance testing.

INTRODUCTION

Genetic improvement programmes for growth and efficiency in non-ruminants 
have now been running for over 20 years. During that period the proportion of 
fat in the pig carcass has been very roughly halved, with a relatively smaller 
scale improvement in growth rate (e.g. Vangen and Kolstad, 1986). In contrast, 
the growth rate of broilers has been roughly doubled, with an accompanying 
increase in fat content. Commercial production of these species has become 
concentrated in large-scale intensive units, and in many countries genetic 
improvement has passed into the hands of relatively few specialist breeding 
organisations.

Success of the selection programmes so far has resulted from rigorous 
application of the methodology of quantitative genetics developed in the 
1940-50s. In future, rapid rates of improvement may be more difficult to 
sustain, with approaching economic or biological optima for some traits, 
increasing emphasis on efficiency and product quality, and mounting concern 
over consumer health and animal welfare. The three papers which follow review 
recent developments in the genetic improvement of growth and carcass traits in 
pigs and poultry, with particular emphasis on the production system (Fowler,
1986), in vivo assessment of body composition (Vangen and Kolstad, 1986), and 
evidence from laboratory mice (Hill and Bishop, 1986). This introduction 
highlights some of the opportunities for future genetic change.

* Present address: Cotswold Pig Development Company Limited, Rothwell,
Lincoln LN7 6BJ.
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SELECTION OBJECTIVES

It seems likely that selection objectives in non-ruminant programmes will 
change for both economic and social reasons. For some markets pigs appear to 
be approaching optimum fatness, with excessive leanness leading to a 
deterioration in meat quality and difficulty in cutting (Meat and Livestock 
Commission, 1983). Declining fat reserves, and in some cases voluntary intake 
(e.g. Vangen and Kolstad, 1986), may also cause a reduction in longevity of 
breeding females. The approach of optimum fat levels, together with increased
building and labour costs, could shift the emphasis in selection away from 
efficiency towards rate of lean growth. In the United Kingdom there is 
increasing concern that, aside from PSE caused by the haTothane gene, the eating 
quality of the lean itself may be declining as a consequence of an adverse 
genetic correlation with meat quantity.

In broilers single-trait selection for growth rate appears to have led to 
a primary increase in voluntary food intake, with a consequent increase in fat 
content (McCarthy and Siegel, 1983). A similar pattern exists for turkeys 
where continued selection for growth rate in isolation is expected to lead to 
over-fatness and a deterioration in reproduction (Nestor, 1985). Although very 
fast-growing, the duck is already over fat and suffers from a poor food conver
sion ratio compared to broilers and turkeys (Powell, 1985). In all poultry 
there is therefore a need to include body composition in the selection objective.

Increasing attention is being drawn to the implications of meat consumption 
for human health. In the United Kingdom, a recent report (COMA, 1984) on the 
association between diet and cardiovascular disease recommended a reduction in 
fat consumption. Although consumer demand for a lower total fat content is 
likely to continue, pressure to improve eating quality of pork could for 
example necessitate a genetic redistribution of the remaining fat from 
subcutaneous to intramuscular depots (e.g. Barton-Gade and Bejerholm, 1985).
At present, it appears that the eating quality of lean is more likely to be 
improved by technology in poultry than in pigs, where a genetic solution may be 
required. In Britain, this is illustrated by the recent marketing of turkey 
breasts injected with butter.

PRODUCTION SYSTEMS

Innovation in commercial production systems could create a need for 
different genotypes. This is illustrated by the proposal for a once-bred 
gilt system of meat production (Fowler, 1986). The objective of mating 
females as young as possible and sustaining growth during gestation would 
require a genotype with earlier sexual maturity but larger mature size. This 
offers the additional challenge of genetically separating the effects of early 
puberty from boar taint, and a further application for a method of sex determin
ation.

Wider changes in the production environment, for example low-cost 
extensive systems, may require specialised genotypes. Increasing outdoor pig 
production in southern England makes use of an F̂  Landrace x Saddleback dam, 
which expresses improved territorial instinct and maternal care (Deering and 
Shepherd, 1985). Selection for reduced aggression, which has a heritability 
of roughly 20% (Jonsson, 1985), could allow pigs to be kept in larger groups 
using new computer-controlled automatic feeding stations (Lambert et al., 1984). 
The suitability of present-day genotypes, selected on high-quality cereal diets, 
for alternative low-cost roughage diets is unknown. New drugs such as the
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e-agonist repartitioning agents (Barker et al., 1984), which could allow all pigs 
to be fed ad libitum, could swing the genetic emphasis towards increasing 
appetite rather than lean content.

METHODS OF SELECTION

In pigs performance testing has successfully improved both the rate and 
efficiency of lean growth by around 2% per year (Mitchell et al., 1982). 
Nevertheless, there is concern that in many countries the genetic correlations 
between growth rates recorded on testing stations and on commercial farms have 
been unexpectedly low (e.g. Roberts and Curran, 1981). This apparent selection 
regime x production system interaction could arise either from correlated 
reductions in voluntary food intake on ad libitum feeding, or from the social 
effects of individual penning at stations (e.g. Webb and Curran, 1986). With 
increasing emphasis on rate versus efficiency of lean growth, the value of 
expensive measures of food intake for selection is increasingly open to 
question (Vangen and Kolstad, 1986). However, the effect of social grouping 
during selection might be removed by penning in groups and recording feed intake 
using automatic electronic feeders.

While pigs have been selected on indices combining growth rate, backfat 
and often feed efficiency, poultry have been selected largely on growth rate 
alone. More recently it has been shown in broilers that selection on food 
conversion ratio leads to a correlated improvement in growth rate and lean 
content (Pym, 1985). In ducks an index combining individual food conversion 
and growth rate over a 4-week test period has successfully reduced fat levels 
without any direct measure of body composition (Powell, 1985).

Some of the component traits where future genetic improvement might 
contribute to production efficiency are summarised in Figure 1. In poultry 
there is an overriding need for an in vivo measure of fatness, while in pigs a 
better understanding is required of the genetics of appetite and meat quality.
In both species the main longterm requirement is to increase the rate of 
protein deposition, with an appropriate correlated change in appetite on 
ad libitum feeding which will maintain optimum fat cover.

Preliminary evidence suggests that genetic improvements in the rate of 
protein deposition may arise mainly through a reduced rate of degradation 
rather than increased synthesis (Priestley and Robertson, 1973; Saunderson, 
1984; C. Parker, personal communication). Unfortunately, the improvements in 
production efficiency which can be achieved by genetic reductions in component 
traits such as protein degradation rate and voluntary food intake are 
necessarily finite. A danger therefore exists that index selection, while 
maximising short-term economic gain along these routes, could lead to a slower 
rate of genetic improvement in the long term by creating its own limiting 
factors (e.g. Webb and Curran, 1986). If so, greater total improvement over a 
period of 20 to 30 generations might be achieved by adopting selection methods 
which will increase rather than reduce protein synthesis and appetite in the 
short term.

339



FIGURE 1. The author's subjective appraisal of relative importance of 
genetic variation in traits affecting efficiency of meat 
production in pigs and poultry.
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IN VIVO MEASUREMENT OF GROWTH AND COMPOSITION

Recent promising developments for in vivo assessment of growth and body 
composition can be divided broadly into technological and biochemical methods.
New technology includes X-ray tomography, nuclear magnetic resonance (NMR) 
spectroscopy and neutron activation analysis (Vangen and Kolstad, 1986; Lister, 
1983). Although offering greater accuracy than existing ultrasonic techniques, 
these methods are prohibitively expensive at present. However, advances in 
electronics could make these techniques cost-effective for large nucleus herds 
within a few years. As well as meat quantity, it is hopeful that the new 
methods could be adapted to measure aspects of meat quality such as intramuscular 
fat, water-holding capacity and fibre diameter. An alternative for in vivo 
measurement would be to produce identical genotypes, for example by 
micromanipulation of embryos, so that one set could be sacrificed for direct 
assessment (King 1983).

Possible physiological predictors of lean growth could include hormone 
and enzyme activities, and may have the advantage of being measured more cheaply
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at a younger age. In broilers and turkeys plasma triglycerides, which are 
incorporated into very low density lipoproteins (VLDL), have been successfully 
used as selection criteria to reduce fatness (Whitehead and Griffin, 1985). In 
mammals however, triglycerides are poor indicators of fat content because 
lipogenesis occurs in the adipocytes rather than the liver as for poultry. In 
pigs, selection on the activity of four enzymes producing NADPH has successfully 
been used to produce a divergence in fat content (Muller, 1985).

RESEARCH PRIORITIES

What then are the priorities for future research? There is an immediate 
requirement for in vivo methods of measuring meat quantity in poultry, and meat 
quality in pigs. The possibility of improving protein deposition by altering 
the genetic relationship between synthesis and degradation rates needs to be 
explored (Saunderson, 1984). In pigs, a knowledge of the genetic correlation 
between voluntary food intake and lean tissue growth rate under different 
feeding regimes will allow the best choice of performance testing regime for any 
given production system (Webb and Curran, 1986).

How good is the laboratory mouse as a model for the genetics of lean 
growth in non-ruminants? A highly subjective appraisal of the consequences 
of single-trait selection under ad libitum feeding in the three species is given 
in Figure 2, using results from selection studies reported in this session and 
elsewhere. This shows that the correlated responses in mice frequently differ 
in magnitude and direction from those observed in other species, but particulatly 
pigs. These differences can very largely be explained by the relatively highly 
proportion of the daily food intake used for maintenance in mice (80-90% from 
4-6 weeks of age) compared with pigs (30-40% from 12-20 weeks of age)
(Hill and Bishop, 1986). Hence mice may not provide a good model for genetic 
relationships among "commercial" traits such as growth, fatness and food intake 
(e.g. McCarthy, 1982). Nevertheless, they could provide a useful model for 
component "biological" traits such as maintenance requirements and protein 
turnover.

In the agricultural species, divergent selection for high and low 
performance has provided a powerful method of studying genetic correlations 
among important traits (e.g. Pym, 1985; Muller, 1985; Webb abd Curran, 1986). 
Provided there is replication and the experiment is of sufficiently short 
duration to avoid both serious asymmetry and genetic drift (e.g. Hill, 1980), 
divergent selection allows precise estimates of realised heritabilities and 
genetic correlations. It also gives a large within-population genetic
difference which can be used to study the physiological changes underlying 
genetic variation. An alternative approach for estimating genetic correlations 
is to adopt indices selecting extremes at the edge of the distribution ellipses 
of the two traits (Cameron and Thompson, 1986). Although more powerful than 
divergent selection for parameter estimation, this method does not provide 
a large genetic difference for physiological study.

In the longer term, the main challenge will be to find a physiological 
measure of lean growth potential which will either supplement or eliminate 
performance testing altogether. At the same time, the ability to transfer 
genes within and between species can be expected to dramatically widen the 
horizon for genetic improvement of growth. Until then, the main technical 
barrier to further improvement will be the provision of cheaper and more 
accurate measures of individual food intake and of meat quantity and quality 
in the live animal.
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FIGURE 2. The author's subjective appraisal of likely magnitude 
and direction of correlated responses to single-trait 
selection in pigs, poultry and mice under ad libitum 
feeding.
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Main references : Vangen and Kolstad (1986); Hill and Bishop (1986); 
Pym (1985); Whitehead and Griffin (1985); McCarthy and Siegel (1983); 
Powell (1985).
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