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SUMMARY

Transgenic mice possessing an ovine growth hormone gene were used as a model to study the effects 
of elevated growth hormone levels on heritabilities of production traits. Male mice hemizygous for the 
transgene were mated to wild type females to produce half- and full-sib families in which approximately half 
the progeny were transgenic and half were wild type. Heritabilities for growth and carcass traits were then 
estimated for each genotype group. At 10 weeks, body weight of transgenics exceeded that of wild types by 
26 and 50% in males and females, respectively. Heritabilities for body weight gains from 6 weeks to 10 weeks 
of age, and for epididymal fat pad and hind carcass weights as a percentage of body weight, tended to be 
greater for transgenics than for wild types. These results indicate that elevated growth hormone levels may 
alter the genetic control of production traits and potential response to selection.

INTRODUCTION

In recent years, a large body of work with transgenic mice, sheep and pigs (Palmiter et al., 1982; 
Pursel et al., 1989; Nancarrow et al., 1991) has revealed that the effects of growth hormone transgenes on 
various metabolic and developmental processes, including nutrient partitioning and body composition (Pomp 
et al., 1992), may have great potential value in livestock production applications. Exogenous treatments with 
growth factors are also being developed as a way to improve efficiency. Daily injections of pigs with porcine 
growth hormone have resulted in improvements of from 10 to 40% in average daily gain and 17 to 40% in 
feed efficiency, and decreases of from 11 to 50% in backfat thickness (Etherton et al., 1987; Bark et al., 1989; 
Jones et al., 1989; van der Steen et al., 1989).

Coinciding with these technological developments, the livestock industries have recognized the largely 
untapped economic benefits available through traditional genetic selection. As gene transfer and exogenous 
growth factor treatment become part of livestock production, optimization of these technologies and national 
genetic evaluation programs is vital. The heritability of performance characteristics under the influence of a 
transgene or exogenous treatment, and the genetic correlation of performance with and without such 
influences are examples of parameters necessary to incorporate these practices into genetic evaluation 
programs. Unfortunately, precise estimates of these parameters do not exist and require data on a large number 
of animals with known genetic relationships. Because of the huge costs associated with generating 
experimental data of this type from livestock species, it is likely that estimates of these parameters will only 
be generated from field data after the fact. Thus an investigation of the effect of elevated growth hormone 
levels on the genetic variances of economically important growth traits was conducted using transgenic mice 
as a model. Comparisons of parameter estimates from these analyses should also reveal changes in the basic 
genetic control of growth and body composition traits under an environment of elevated growth hormone.

MATERIALS AND METHODS

Mice (MG101) possessing a sheep growth hormone transgene driven by a sheep la-metallothionein 
promoter (oMTla-oGH; Shanahan et al., 1989) exhibit dramatically increased growth, and have proven to be 
an excellent model for study of the effects of increased growth hormone on a variety of metabolic and 
developmental processes (Oberbauer et al., 1992; Pomp et al., 1992). Growth hormone overexpression in 
oMTla-oGH is almost fully inducible and retractable by the provision or removal of zinc in the drinking 
water. All other metallothionein-growth hormone constructs that have been reported result in elevated basal
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levels of growth hormone from neonate periods through adulthood, even in the absence of exogenous heavy 
metal induction. The high level of control of the oMTla-oGH transgene, along with the ability to identify 
oMTla-oGH transgenic mice at early pre-weaning periods (Pomp and Murray, 1991), enable controlled 
studies of the effects of growth hormone in mice from weaning through adult periods.

Mating Design and Animal Husbandry: A classical mating design optimized for estimation of 
genetic parameters was adopted for the present study. Full- and half-sib families were produced by mating 
MG101 males hemizygous for oMTla-oGH with ICR females. Forty-three males were sampled from the 
MG101 population at the University of Califomia-Davis and each mated in the laboratory at Oklahoma srare 
University to an average of 3.14 ICR females. Due to space constraints, the design was implemented in two 
consecutive replicates. Each male was placed in a mating cage with 4 females; after 2 weeks females were 
placed in individual litter cages. At birth, litters were standardized to 10 pups and all male pups were saved. 
Pups were toe-notched for identification at 10 days of age and characterized for presence of the transgene by 
PCR of toe-clips (Pomp and Murray, 1991). The expectation for progeny of these matings was 1/2 
hemizygous for the transgene (transgenic genotype) and 1/2 homozygous wild type genotype. Pups were 
weaned at 21 days of age; males were caged by genotype in full-sib pairs, while females were randomly caged 
in groups of four. Ad libitum access to feed (Purina Laboratory Chow 5001) and water was provided. All mice 
received 25 mM zinc sulfate through the drinking water, an amount sufficient to stimulate expression of the 
transgene through the metallothionein promoter. Room temperature was maintained at 23°C and a 12L:12D 
photoperiod used.

Data Collection and Statistical Analyses: Mice were weighed weekly from weaning to 10 weeks of 
age. At 10 weeks males were killed by cervical dislocation and right epididymal fat pad and trimmed hind 
carcass were dissected and weighed. Epididymal fat pad expressed as a percentage of body weight was used as 
an indicator of body composition because of its high correlation with total body fat in the mouse (Eisen and 
Leatherwood, 1981). Least-squares means for body weights and body weight gains were r a i t-niat « i based on a 
model that included the effects of replicate, genotype (transgenic vs. wild type), sex and all intprarrinnc The 
model for carcass traits included effects of replicate, genotype and the two-way interaction. Heritability 
estimates were obtained from univariate analyses using derivative-free restricted maximum likelihood 
(DFREML; Boldman et al., 1993). Weekly body weights and growth rates were analyzed separately for each 
genotype (transgenic and wild type) with a mixed model that included the fixed effects of replicate and sex 
and the random effect of animal. Weight of epididymal fat pad and trimmed hind carcass, each as a percentage 
of 10 week body weight, were also analyzed separately for transgenic and wild type mice with a model that 
included the fixed effect of replicate and the random effect of animal. In addition to relationships among ail 
animals with records through the half- and full-sib mating design, those among sires and among dams were 
also accounted for in the analyses.

RESULTS AND DISCUSSION

Least-squares means for growth characteristics and carcass traits are presented in Table 1. Growth 
traits were measured on a total of 1,237 mice, and carcass traits on a total of 696 males. Transgenic mice were 
larger (P<.01) than their wild type contemporaries beginning at 6 weeks. Gains were greater (P<.01) in 
transgenics than in wild type for each of the periods studied. There was a sex x genotype interaction (P<.01) 
for all growth characteristics except 8 to 10 week gain. The difference between transgenic and wild type mice 
was typically greater in females than in males. At 10 weeks, the difference in body weight between the 
genotypes was 26% and 50% in males and females, respectively. Epididymal fat was greater (P<.05) and hind 
carcass lesser (Pc.Ol) in transgenic than in wild type males as a percentage of body weight. These results are 
in agreement with previous studies of this transgene in other genetic backgrounds (Pomp et al., 1992).
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Table 1. Growth performance (g) and carcass traits (% body weight) of transgenic and wild type mice.
________________Least-sotiares means (S.E.)_________________

Males________  ________Females
Trait Transgenic Wildtvpe Transgenic Wild tvoe
4wk wt 18.57 (.11) 19.30 (.11) 17.40 (.14) 16.34 (.13)
6 wkwt 27.25 (.13) 25.64 (.12) 26.72 (.14) 21.32 (.13)
8 wkwt 33.16 (.16) 28.01 (.14) 32.22 (.18) 22.73 (.16)
10 wkwt 37.19 (.18) 29.46 (.16) 36.04 (.20) 24.07 (.19)
4-6 wk gain 8.68 (.11) 6.34 (.10) 9.32 (.12) 4.99 (.11)
6-8 wk gain 5.91 (.09) 2.37 (.08) 5.50 (.09) 1.41 (.09)
8-10  wk gain 4.03 (.08) 1.45 (.07) 3.82 (.09) 1.34 (.08)
4-10 wk gain 18.62 (.19) 10.15 (.16) 18.63 (.20) 7.74 (.19)
Epididymal fat .60 (.01) .56 (.01) “ -
Hind carcass 12.32 (.05) 15.46 (.04) - ~

Heritability estimates from the DFREML analyses are presented in Table 2. Wild type progeny in the 
present study served as a control to determine the effect of elevated growth hormone on heritabilities. Estimates 
of heritabilities for 6  to 8 week, and 8 to 10 week gain in the wild type group were moderate and similar to other 
estimates reported for postwearring gain; likewise, estimates of heritability for epididymal fat and hind carcass 
as a percentage of body weight were relatively high and similar to literature estimates (Eisen and Prasetyo, 
1988). However, heritability estimates in the wild type group for body weights and gains that include 4 week 
weight were higher than expected based on literature reports. Estimates of additive genetic variance from die 
present analyses are confounded with maternal effects. These effects are expected to be greatest for traits 
measured near the preweaning period (e.g. 4 week weight), but maternal environment has been shown to 
influence growth characteristics in the mouse as late as 10 weeks of age (Cowley et al., 1989). Thus, estimates 
for seme of the present traits may have been inflated due to common maternal environment

Because transgenic and wild type progeny were siblings from the same mating design, and the same 
animal model was used in analyses for both genotypes, estimates of heritability in the two groups can be 
assumed to be subject to the same relative effects of maternal environment. Heritability estimates tended to be 
greater in the transgenic than in the wild type group for body weight gain form 6  weeks to 10 weeks and for 
carcass traits. However, the opposite tended to be true for body weights at 6 , 8 and 10 weeks, and for gain from 
4 to 6  weeks. Heritabilites will be recalculated in the future following adjustment for common maternal effects.

Table 2. Heritability estimates for growth and carcass characteristics in transgenic and wild type mice.
________________ Genotype Group________________

Trait________________________ Transgenic____________________ Wiljjypg--------
4 wk wt 1.00 1.00

6  wkwt .60 .86

8 wkwt .61 .92
10 wkwt .63 .80
4-6 wk gain .72 .92
6-8 wk gain .52 .26
8-10  wk gain .73 .34
4-10 wk gain .94 .79
Epididymal fat/10 wk wt .73 .64
Hind carcass/10 wk wt 1.00 .79
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For each characteristic associated with growth and body composition, true differences between 
variance components and between heritabilities for the transgenic and wild type groups reflect alterations in 
polygenic regulation. If genetic variance components are lower for the transgenic group, the elevated growth 
hormone level has either masked expression of endogenous genes affecting the trait, resulted in more uniform 
expression of allelic forms of those genes, or otherwise changed the action of those alleles (e.g. caused a locus 
to have a dominant rather than an additive effect on the trait). If genetic variance components are higher for 
transgenics, elevated growth hormone may have changed the action of allelic forms of genes or turned on 
genes that do not normally affect the characteristic. Alternatively, heritabilities may be different as a result of 
altered phenotypic variance due to genotype x environment interaction effects.

Although it is clear that gene products such as growth hormone and IGF-1 play a significant role in 
determining traits of growth and development, relatively little is known of the assortment of genes that 
combine to regulate these traits and how they interact. Genetic background has been shown to significantly 
affect expression of a growth hormone transgene in mice, illustrating that a transgene may interact with other 
genes to regulate phenotype (Eisen et al., 1993). The present study indicates that elevated growth hormone 
levels may alter the polygenic control of growth and body composition and, consequently, the potential for 
response to selection. Knowledge of heritabilities of and genetic correlations among traits under an 
environment of elevated growth hormone is needed to determine strategies for genetic evaluation and 
improvement in both transgenic and exogenously treated populations.
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