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Asymptotic weight and maturing rate in mice selected for body conformation

Ricardo J. Di Masso, Patricia S. Silva and Maria Teresa Font

Abstract

Growth patterns of four lines of mice selected for body conformation were analyzed with the logistic function, in orddetbgselne
information about the relationship between asymptotic weight and maturing rate of body weight. Two lines were divergetly selec
favoring the phenotypic correlation between body weight and tail length (agonistic selection: CBi+, high body weigh&dn@Rinddw

body weight and short tail), whereas the other two lines were generated by a disruptive selection performed againstitime correla
between the aforementioned traits (antagonistic selection: CBi/C, high body weight and short tail; CBi/L, low body weithtaif)d |

The logistic parameters A (asymptotic weight) and k (maturing rate) behaved in CBi/C and CBi- mice and in CBi+ femaldeés expec
in terms of the negative genetic relationship between mature size and earliness of maturing. An altered growth patterimv@Bifoun

L mice and in CBi+ males, because in the former genotype, selected for low body weight, the time taken to mature increaséu, whe
the latter, selected for high body weight, there was a non-significant increase in the same trait. In accordance witheloeitszlen,
different sources of genetic variation for body weight could be exploited: one inversely associated with earliness ofaganisitigy
selection), and the other independent of maturing rate (antagonistic selection), showing that genetic variation oindlepesdignt of k.

INTRODUCTION ratory mice to farm animals is nowadays widely accepted
(Roberts, 1965; Malik, 1984). Although these mouse mod-
Growth can be studied from at least three interre-els cannot be expected to be exact models of similar phe-
lated perspectives: dimensional, compositional and func-nomena in livestock, they can be valuable for studying the
tional (Reeds and Fiorotto, 1990). From the dimensionalbiochemical and physiological determinants of growth,
viewpoint, the term growth refers to an increase in someleading to a better understanding of growth biology.
measure of size (height, length, weight) with age. These Artificial selection for growth rate or body weight
different types of size-age relationships are typically de-in laboratory rodents has usually been effective in bring-
scribed by fitting experimental data to the appropriateing about noticeable changes in mature weight. However,
mathematical model, frequently using nonlinear regres-since the larger the mature size of a mammal, the longer
sion techniques. This approach condenses the numerical tends to take to mature (Taylor, 1965), comparisons
information included in the longitudinal data set into a few of growth traits between animals of the same chrono-
biologically interpretable parameters. logical age but of different mature sizes could result in
Among the different mathematical models available misleading conclusions because of differences in physi-
for fitting growth curves, perhaps the most extensively usedological age.
in mice are the special cases of Richards function (Richards, =~ We examined the growth pattern of four lines of mice
1959): logistic (Monteiro and Falconer, 1966), Gompertz artificially selected for different body conformations, and
(Laird and Howard, 1967) and von Bertalanffy (Gall and with different adult sizes. The relationship between asymp-
Kyle, 1968). Two of the three parameters yielded by thesdotic weight and maturing rate for body weight was stud-
models, asymptotic size and maturing rate, have particuied in order to provide baseline information about their
lar importance because of their usefulness in describingnteraction and because of the relevance of these param-

the shape of a growth curve (Fitzhugh, 1976). eters for growth studies.
In some situations of primary production, certain
growth patterns may be more desirable than others MATERIAL AND METHODS
(Tallis, 1968), and any particular advantageous pattern can
generally be expressed in terms of the two aforementioned Body conformation index

parameters. In meat animals for example, a profitable

model should combine a rapid, early body weight gain and The mice used in this experiment (CBi+, CBi-, CBi/C

a small mature body size, as seen in beef cattle (Dickersorand CBi/L) were selected for body conformation at 49 days

1976) and poultry (Grossman and Bohren, 1985). of age (Di Masset al, 1991a) by means of an index which
The relevance of animal breeding research with labo-combines body weight and tail length, two positively corre-
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lated traits (= 0.56, £ = 0.60) in the base population stock vidual weight-age data with a reparameterized form of the

(CBi). This index was constructed as follows: logistic function (Dieulefait, 1932) W= A/{1 + exp[(k -
t)/b]}, to estimate A and k, the asymptotic value of size as
I=[(X,-xX)/S]£[(Y,-y)/S] t - o0, interpreted as average size (weight) at maturity, and

the maturing rate of the curve (i.e., the relative rate at which
where Xand Y are the individual scores for body weight Ais attained), respectively. In this particular reparameterized
and tail length, respectively, x and y are the base populaversion, k is the age at the inflexion point and, since the
tion means, and,Sand § are the phenotypic standard de- logistic curve is symmetrical, it represents the time taken
viations of each character. Both terms of the index wereto reach 50% of the mature body weight (A).
either added or subtracted to differentiate between the two

procedures applied. Two lines were divergently selected Statistical analysis
favoring the aforementioned phenotypic correlation (ago-
nistic selection: CBi+, high body weight and long tail; Goodness of fit was evaluated by the coefficient of

CBi-, low body weight and short tail), whereas the other multiple determination (R, and also judged by the signifi-
two were obtained by a disruptive selection performedcance of the tests performed to verify the random distribu-
against the correlation between body weight and tailtion of the residuals. For statistical analysis, asymptotic
length (antagonistic selection: CBI/C, high body weight weight (A) and maturing rate for body weight (k) were treated
and short tail; CBI/L, low body weight and long tail). Mice as metric traits. Since in mice sexes almost always show
from CBi stock were used as controls. Since tail lengthquite different growth patterns (Timon and Eisen, 1969;
was used as an estimator of skeletal length (Baker andtisen, 1976; Koopst al, 1987; Kastelicet al, 1996),
Cockrem, 1970; Hetzel and Nicholas, 1986), the four se-males and females were treated separately after demonstrat-
lected lines presented different biomass per unit of skelding a nonsignificant genotype x sex interaction effect. Dif-
eton weight ratios (Di Mass&t al,, 1991b, 1998), show- ferences in asymptotic weight and maturing rate among
ing different body conformations. The agonistic selection genotypes within the selection procedure were assessed by
generated two lines with different shapes, since CBi+ hadone way analysis of variance (Sokal and Rohlf, 1969).
increased body weight and tail length, whereas both traits

decreased in CBi-. Genotypes from the antagonistic se- RESULTS
lection experiment showed different forms with increas-
ing body weight and decreasing tail length in CBi/C, and In both sexes, mice with positive selection for body

decreasing body weight and increasing tail length in CBi/weight (CBi/C and CBi+) were heavier than controls,

L. These genotypes also differ in the pattern of fat depo-whereas lines selected for low body weight (CBi/L and
sition (Trumperet al, 1989, Di Masset al, 1992), in CBi-) were lighter than CBi (Table I). Although not shown,
the humoral immune response to sheep red blood cellshere was good agreement between actual weights and the
(Scharovskyet al, 1991) and in bone biomechanics (Di

Massoet al,, 1997).

. Table | - Mean + standard error nonlinear least-squares estimates of
Animals logistic growth curve parameters: mature weight (A) and maturing rate (k).

Mice belonging to litters randomly standardized at @) Agonistic selection

one day of age, to yield eight pups with a 1:1 sex ratio,| Genotype Males Females

were weaned at three weeks of age, individually marked

using ear notching and assigned, eight individuals of the At ke A k
same sex, to stand_ard polypropylene cages (32x 24 X 10, 2794055 07940056 24.1+0.35 0.54+0.027
cm) with wood shavings for bedding. Animals (16 per geno-| c; 39.9+056 1.21+0.048 33.1+0.28 0.78+0.048
type-sex subgroup) were housed contemporaneously in theCsi+ 46.4+0.77 1.28+0.046 40.7+0.95 1.11+0.035

same breeding room, kept at 23 + 1°C with alternate 12-f
light/dark periods. Pelleted food (Aliper Lab. Chow) and

water were providedd libitum Individual body weights Genotype Males Females
were recorded to the nearest tenth of a gram, weekly fro

1 L .
(b) Antagonistic selection

weaning to 17 weeks of age. A k A k
N CBIlL 31.3+0.60 1.79+0.095 27.4+0.48 1.56+0.092
Curve fitting CB 3094056 1.21+0.048 33.1+0268 0.78+0.046
CBIC 456+0.79 17540002 38.8+0.67 1.41+0.065

A nonlmear estimation procedure (Grap1hPad P.nsm Units of measurelgrams -2weeks after weaning®%alues with different
Software, Version 2-0) based Or_] Marquardt[s algor_'thm superscript letters, for comparisons among genotypes within sex, differ at
(Marquardt, 1963) was used to fit the experimental indi- leastat the 0.05 level. Thirty-two mice per genotype (16 males and 16 females).
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theoretical points of the fitted curves?(Rilues ranged between body weight and tail length (antagonistic selec-
from 0.963 to 0.982 for the different data set). There weretion). CBi/C mice were heavier and later maturing than

obvious differences in growth patterns between agonisticcontrols; CBi/L males and females, although significantly

and antagonistic selection groups, the former showing dighter at maturity than the other two genotypes, had ma-
more symmetrical response with respect to the controlturing rate values similar to CBi/C (Figure 3).

line (Figure 1).

When selection was made favoring the phenotypic DISCUSSION
correlation between body weight and tail length (agonis-
tic selection), maturing rate for body weight was nega- Changes in the shape of a growth curve are basically

tively associated with mature body weight (since k repre-determined by the degree of genetic independence between
sents the abscissa of the inflexion point, a positive rela-its parameters (Fitzhugh, 1976). Several researchers have
tion between A and k indicates a negative relationship beprovided direct or indirect experimental evidence of the
tween mature size and time taken to mature). Thereforepartially independent genetic control of mature weight and
CBi+ mice were heavier and later maturing than CBi-, andtime taken to mature in different species. In mice, for ex-
control animals (CBi) had intermediate values (Figure 2).ample, Roberts (1965) observed that two lines positively
In contrast, this behavior was not evidenced when selecselected for six-week body weight achieved the same as-
tion was performed against the phenotypic correlationymptotic weight but at different ages, while Timon and
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Figure 1- Estimated mean body weights of mice selected for body conformation, as a function of age. (Left: Agonistic selectantagihistic selection).
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Figure 3 - Scatter diagram of maturing rate for body weight (k), plotted
Figure 2 - Scatter diagram of maturing rate for body weight (k), plotted against asymptotic body weight (A). Antagonistic selection.
against asymptotic body weight (A). Agonistic selection.

Eisen (1969), as a general conclusion from a study of theyarisons within (Taylor, 1968) and between (Taylor, 1965)
heritabilities and genetic correlations among parameterspecies. This behavior could be ascribed to the expected
of the Richards and logistic growth functions, argued thatresponse to selection for body weight, as animals geneti-
direct selection for a change in the shape of the growtlcally heavier at maturity tend to take longer to mature and
curve would be at least moderately successful. In poultryyvice versa (Taylor and Fitzhugh, 1971). In contrast, this
Ricard (1975) showed the feasibility of modifying the tra- expected correlated response was not observed in CBi/L
jectory of the growth curve of chickens by selecting for mice or CBi+ males. These animals showed an altered
antagonistic combinations of body weights at different growth pattern resulting from a decrease in maturing rate
ages. Browret al.(1972) found different proportions of in a genotype that had a lowered mature size (CBi/L) and a
maturing rate to be independent of asymptotic weight innonsignificant decrease of the same trait in a genotype
beef cattle. (CBi+) that had increased asymptotic weight.

The behavior of the logistic parameters observed in The results herein described show some similarities
both sexes in CBi/C and CBi- mice, and in CBi+ females with those observed in mice selected for different com-
confirms the general positive relationship between asymp-binations of body weights at two ages (lingg, . R

totic weight and time taken to mature described for com-and R H, ; McCarthy and Doolittle, 1977), whose growth
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patterns were described by McCarthy and Bakker (1979)fined to constant ages, constant time periods or constant
CBi+ males selected for high body weight at seven weekswveight periods, since this approach provides parameters
had increased asymptotic weight without significantly al- that can describe lifetime growth biologically. Optimum
tering the maturing rate as occurred in ling elected  mature size and strategies for improving the bioenergetic
for high body weight at 10 weeks. LingR, , selected for  efficiency of body-weight growth in beef animals depend
low body weight at five weeks, without altering body weight on an understanding of how to manipulate genetic and en-
at 10 weeks, showed the same response as CBi/L: a lowasironmental factors to control average lifetime rates of
asymptotic weight and also, a lower maturing rate than congrowth and maturing independently of mature weight. The
trols; in contrast, line R4, , selected for high body weight ~ selected lines of mice used in this experiment could be a
at 10 weeks without altering body weight at five weeks, useful model for the study of the relationship between ma-
had increased its asymptotic weight and decreased matuture weight, maturing rate and different associated growth
ing rate much like CBIi/C mice did. From this evidence, antraits like feeding efficiency and body composition, since
analogy between both selection experiments could becomparisons between genotypes with different mature
made. CBi/L mice selected for low body weight and long weights and with similar (CBi/C, CBI/L) or different
tail at 49 days of age showed diminished body weight at(CBi+, CBi-) maturing rates could be performed.
five weeks but maintained the length of the tail character-
istic of a 10-week-old mouse. Conversely, CBi/C mice ACKNOWLEDGMENTS
selected for high body weight and short tail at 49 days of
age had increased body weight at 10 weeks but maintained ~ The authors thank Mrs. Fabiana Severino for expert care
a tail length appropriate for a five-week-old-mouse. and breeding of the mice.

Fitzhugh (1976) proposed that artificial selection for
the ratio between a late maturing trait like body weight RESUMO
and an early maturing trait, represented in this case by tail
length, should decrease age of maturing and decrease ma-  Padr6es de crescimento de 4 linhagens de camundongos
ture size for both characters. In our experiment, animalsselecionados para a conformagéo do corpo foram analisadas com

were not selected by a ratio but by a linear index. This is2 funcéo logistica, de modo a se obterem informag6es basais a
similar to McCarthy’s lines, but combines two traits with respeito da relacé@o entre 0 peso assintotico e a taxa de maturagao

different earliness of maturing, and although the animalsdo peso corporal. Duas linhagens foram selecionadas divergen-

t selected for th binati f traits at diff temente, favorecendo a correlagéo fenotipica entre o peso cor-
were not selected for the combination ot traits at difier- poral e o comprimento da cauda (selecédo agonistica: CBi+, peso

ent ages, the use of two characters differing in maturing;oporal elevado e cauda longa; CBi-, peso corporal reduzido e
rate would parallel this situation. This criterion would per- cayda curta), enquanto que as outras duas linhagens foram geradas
mit exploitation of different sources of genetic variation por uma selecéo disruptiva feita contra a correlacdo entre os
for body weight, one inversely associated with earlinesscaracteres acima citados (sele¢do antagonistica: CBi/C, peso cor-
of maturing (agonistic selection), and the other indepen-poral elevado e cauda curta; CBi/L, peso corporal reduzido e
dent of maturing rate (antagonistic selection). Recently,cauda longa). Os parametros logisticos A (peso assintético) e k
Archeret al.(1998) found a lack of significant responses (taxa de maturagéo) comportaram-se em camundongos CBi/C e
in maturation rate, in spite of differences in mature size ©Bi-  émfémeas CBi+ conforme esperado, em termos darelagdo
when correlated responses of rate of maturation in Angug€n€tica negativa entre o tamanho maduro e a precocidade de
cattle divergently selected for yearling growth rate were maturacdo. Um padréo alterado de crescimento foi encontrado

) . em camundongos CBi/L e em machos CBi+, porque no primeiro
analyzed. They argued that their results contradicted th%enétipo, selecionado para reduzido peso corporal, o tempo

observation that higher mature weights were related tQjecorrido para a maturag&o aumentou, enquanto que no Gltimo,
lower maturation rates within a breed, and concluded thatelecionado para elevado peso corporal, houve um aumento néo

such experimental evidence does not support the dogma thatgnificante no mesmo carater. De acordo com o critério de se-
selection for high growth rate leads to later maturing indi- lecéo, fontes diferentes de variagéo genética para o peso corpo-
viduals. Evidently both aforementioned sources of geneticral puderam ser exploradas: uma inversamente associada com
variation for growth would also be evident in beef cattle. ~Precocidade de maturacdo (selecao agonistica) e a outra inde-

Although the genetic correlation between mature pendente da taxa de maturacéo (selecao antagonistica), mostrando
weight and maturing rate was not estimated in the presen‘ﬂue avariacao genética de A é parcialmente independente de k.
study, its value would be low enough not to restrain a re-
sponse that permits a modification of the growth trajec-
tory. This response could, for example, be one of the dea e, 3 A Herd, R M., Arthur, PF. andPamell, P.F.(1998). Correlated
sirable patterns associated with a more profitable produc-  responses in rate of maturation and mature size of cows and steers to
tive strategy. In this sense, it appears that genetic variation divergent selection for yearling growth rate in Angus caltieest.

; ; ; ; Prod. Sci. 54183-192.
InAls partlally mdependent ofk. Baker, R.L. andCockrem, F.R.M. (1970). Selection for body weight in the

In genera! t?rms’ growth defined .by mathematical mouse at three temperatures and the correlated response in tail length.
models has definite advantages over point evaluations con-  Genetics 65505-523.
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