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ABSTRACT. Models for estimation of frame scores in Nellore beef
cattle (FRAME_GMA) were developed, comparing them with frame
scores estimated using equations proposed by the Beef Improvement
Federation (FRAME_BIF, USA). Correlation among frame scores ob-
tained by these two methodol ogies, along with theindependent variables
considered in the estimation models, were also studied. A data set with
12,728 animals, with ages between 490 and 610 days, was used. The
modelsthat best adjusted to FRAME_GMA included hip height, weight
and interaction between height and weight. Estimates of heritability for
FRAME_GMA and FRAME_BIF were 0.26 + 0.03 and 0.23 + 0.03,
respectively, in single trait analysis, and 0.28 and 0.24, respectively, in
multi-trait analysis. Phenotypic Pearson and Spearman correl ation coef-
ficientsbetween FRAME_GMA and FRAME_BIFfor maleswere 0.87
and 0.83, respectively, being lower than those found for females (0.92
for both coefficients). Genetic correlation between the frame scores did
not differ between genders, with values of 0.92 for the Pearson coeffi-
cient and 0.91 for the Spearman coefficient. We concluded that
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FRAME_GMA was better adapted to this data set than FRAME_BIF.
Other studies need to be made to evaluate the applicability of this pro-
posed model to other populations of Nellore beef cattle and for other age
groups.

K ey wor ds: Genetic parameters, Frame scores, Body structure, Nellore,
Geneticimprovement

INTRODUCTION

The correlations reported among various features of body structure, such as hip height,
and the reproductive and growth performance of beef cattle, have promoted the inclusion of
measurements associated with size, mass and dimension of the animalsin geneticimprovement
programs for more accurate investigation of genetic and environmental effects on adult body
structure (Vargas et a., 1999; Mercadante et a., 2003).

To facilitate interpretation and applicability, hip height measures are frequently con-
verted into body structure scores or frame scores. The frame score is a linear measurement
that indicates the composition of the animal’ sframe; animalsthat present the same frame scores,
slaughtered at the same weight, should have the same carcass type (Beef Improvement Fed-
eration, 2002). Asit gives anumeric and objective description of the body structure, the frame
score reflects the animal’s growth pattern, projecting the adult size.

The knowledge about correlations between frame score and growth rate, or composi-
tion of the weight gain is important for beef cattle management, allowing analysis of related
performance data. It helpsto predict the animal’s nutritional needs and its frame composition.
Animalswith low frame scoresreach physiological maturity more precociously; they havelower
weights and a higher percentage of fat in the frame (including marbled fat), when compared to
large-frame animals (M cKiernan, 2005).

Theoretically, an animal maintainsitsframethroughout itslife. Changesin frame scores
may be influenced by environmental factors or by inconsistent handling practices, which alter
theanimal’sgrowth rate, promoting differentiated growth (Dhuyvetter, 1995). Although subject
to environmental interference, the stability of frame scoresis an advantage in comparison with
the use of other variables that are indicative of size, such as adult weight, or age-dependent
height, and one can evaluate the frame score once, at an early age.

In Brazil, frame scores have been cal cul ated subjectively, through visual evaluationsor
using the equations provided by the American Beef Improvement Federation (2002), that in-
clude the independent variables hip height and age at measurement, as in Mercadante et al.
(2004). However, these equations may not be appropriate for Brazilian cattle, considering that
they have been developed based on records of animals that have been raised under adverse
conditions, whichisacommon situation in the Brazilian tropical beef cattleindustry. The devel-
opment of a mathematical model for estimating the frame scores in beef cattle, taking into
consideration typical Brazilian management practices and production systems, is essential to
consolidate this feature as atool for breedersin their selection decisions (Horimoto, 2005).
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The objectives of the present study were: i) to develop mathematical models for esti-
mating frame scores in Nellore beef cattle, raised in Brazil; ii) to make comparisons between
these frame scores and the score proposed by the American Beef Improvement Federation
(2002); iii) to estimate (co)variance components and the genetic parameters for the frame
scores obtained through both methods and yearling hip height (H18), yearling weight (W18) and
theweaning weight (WW), using the mixed model methodology, and iv) to determine the coef-
ficients of phenotypic and genetic correlation between frame scores and each of the variables
of the models for estimating frame scores.

MATERIALAND METHODS

Datawere obtained on WW, yearling weight, measured at 18 months of age (W18) and
hip height, also measured at 18 months of age (H18) of 12,728 Nellore calves, from two farms
owned by Agro-Pecuaria CFM Ltda., located in the Mid-Northwestern area of the State of S&o
Paulo. Theanimals, 6,597 malesand 6,131 females, were born from 1995 to 2000. The additive
relationship matrix considered 30,081 animals and up to seven discrete generations.

Although the features of this study may be considered as yearling features, the meas-
urements were taken in intervals from 490 to 610 days, using the management calendar of the
farm’s breeding program. Ouitlier data were eliminated from the data set, based on the Central
Limit Theorem. For the composition of the contemporary groups, the non-genetic factors con-
sidered were: farm, birth year, sex, and handling group. Statistical analysis was made with the
PROC GLM procedure of the Statistical Analysis System®, version 8.02 (SAS, 2000). The
contemporary groups that could negatively interfere in the quality of the analysis were elimi-
nated from the data base, considering the criteria: groups of less than four animals, groups
formed by animals generated by a single bull and without any variability (standard deviation
Zero).

The animals were grouped by gender into four weight ranks (W18) and 3 hip height
ranks (H18), totaling 12 weight-hip height ranks, each one being related to an empirical frame
score, denominated FRAME_AT (Table 1). The attribution of the frame scores was performed
inaway that they roseto acommon rank of H18, observing the W18 rank. Thiswasdoneinthis
way due to the strong relationship between the frame criterion and animal height, asit is ex-
pected that larger frame animals should aso betaller.

Table 1. Empirical frame scores attribution (FRAME_AT) as afunction of weight rank (\W18) and hip height rank
(H18).

H18
122 - 132 132 - 142 142 - 153
W18 194 - 248 1 5 9
248 - 307 2 6 10
307 - 366 3 7 11
366 - 425 4 8 12

H18 (cm) - yearling hip height; W18 (kg) - yearling weight measured at 18 months of age.
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Several models were tested for the dependent variable FRAME_AT, including linear
and quadratic effects of the independent variables H18, W18 and age when the hip height was
measured (Agel8) and the product among them, according to the PROG REG procedure of the
Satistical Analysis System®, version 8.02 (SAS, 2000), in order to obtain the best adjustment for
the estimation of the frame scores. The choice of the model that best adjusted was determined
by the analysis of the statistic variables R? (coefficient of determination), C(p), defined by
MacNeil (1983) and residual mean squares (RMS).

The models defined by regression from the FRAME_AT scores were applied to the
data set, for estimation of frame scores (FRAME_GMA), which was based on the observations on
the variables from the models. The application of the equations recommended by the Beef Im-
provement Federation (2002), using the same data set, originated the FRAME_BIF scores.

Rounded integer values of FRAME_GMA and FRAME_BIF were used for estimation
of the genetic parameters. Phenotypic Pearson and Spearman correl ation coefficientsfor whole
and decimal values were estimated. Single trait analysis was used for FRAME_GMA,
FRAME_BIF, H18, W18, and WW,; multi-trait analysis was done between each frame score
and the variables W18 and WW, using restricted maximum likelihood procedures on animal
models, availablefrom the Multiple Trait Derivative Free Restricted Maximum Likelihood pro-
gram (MTDFREML, Boldman et a., 1995).

Themodels of analysis considered the fixed effects of contemporary groups and age of
dam classes. The genetic effects included a vector of random effects from the models, includ-
ing direct addictive genetic effects for the FRAME_BIF, FRAME_GMA, H18, and W18 fea-
tures, and maternal additive genetic effects and permanent environmental effects for WW. Co-
variables for the genetic analysis of ages at the measurement dates included: age at weaning,
age at hip height measurement and age at weight at 18 months.

Theinitial values of the variance components used for the genetic single trait analysis
were estimated through the PROC VARCOMP procedure from the Stetistical Analysis Sys-
tem®, version 8.02 (SAS, 2000). The estimates of co-variance obtained from the single trait
analysiswere used asinitial valuesfor the multi-trait analysis.

To determine the reliability and the appropriateness of the proposed models for the
estimation of FRAME_GMA, correlation Pearson and Spearman coefficients were cal culated
between the phenotypic and genetic values obtained for FRAME_GMA and for FRAME_BIF
and for each of the frame scores and their respective independent variables considered in both
functions (SAS, 2000).

RESULTSAND DISCUSSION

The descriptive statistics for WW, H18, Agel8, and W18 are shown in Tables2 and 3
for males and females, respectively.

Using the criteria adopted for empirical attribution of the frame scores, FRAME_AT
scoreswere estimated for each of the 12,728 animals. Males and femal es gave mean FRAME _
AT scoresof 7.1 + 2.1 and 5.3 + 2.4, respectively. There was a high frequency, over 60%, of
scores 6 and 7 in both sex groups. In the male group, 21% of the scoreswere 11 and 12, and in
the female group, there was 21% score 2.

The models that best adjusted for determining frame scores, based on the parameters
R?, C(p) and RMS, are presented in Table 4. The determination coefficient (R?) obtained was
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Table 2. Descriptive statistics for weaning weight (WW), hip height (H18), age at the measurement of hip height
(Agel8), and weight at 18 months (W18) for Nellore males.

Trait N H sD oY, MIN MAX
WW (kg) 6357 200.1 25.7 12.9% 117.0 270.0
H18 (cm) 6586 138.7 46 3.3% 123.0 152.0
Agels (days) 6586 531.9 295 5.5% 490.0 610.0
W18 (kg) 6242 319.6 38.8 12.1% 200.0 424.0

N = number of observations; p = mean; SD = standard deviation; CV = coefficient of variation (%); MIN = minimum value;
MAX = maximum value.

Table 3. Descriptive statistics for weaning weight (WW), hip height (H18), age at the measurement of hip height
(Agel8), and weight at 18 months (\W18) for Nellore females.

Trait N M D cv MIN MAX
WW (kg) 6099 134.8 42 3.1% 122.0 148.0
H18 (cm) 6099 534.3 28.8 5.4% 490.0 610.0
Agel8 (day) 5837 292.5 316 10.8% 194.0 407.0
W18 (kg) 5908 187.1 217 11.6% 117.0 267.0

N = number of observations; g = mean; SD = standard deviation; CV = coefficient of variation (%); MIN = minimum value;
MAX = maximum value.

Table 4. Prediction equations adjusted for FRAME_GMA scores, by gender.

S Proposed equations
Male Y e pr = -7:01993 +0.06294 - X, - 014870 - X, +0.00119 - X, - X,
Femde \?FRAME}T =-93.47611 + 0.69992 - X, + 0.14078 - X, - 0.00093037 - X, - X,

X, = H18 (cm) - yearling hip height; X, = W18 (kg) - yearling weight.

0.82for themalesand 0.76 for the femal es, indicating asignificative adherence of these models
to the data set.

Although the variable Agel8 had a significant effect, based on the statistical analysis
C(p) and RMS, the effect on the R? statistic, around 1% for males and 0.3% for females does
not justify itsinclusion in the estimation of the frame scores.

The application of the models shown in Table 4 to the data set, generated 12,635
FRAME_GMA scores. Based on those estimates, 1.92% went outside the defined rank from 1
to 12 for the variation of frame scores, equalizing values <1, observed for males and females,
and >12 for males. These figures were added to the rank of the defined scores, with the scores
<1, except for zero being indicated as 1, and the scores >12, were designated as 12. This
procedure was based on the high coefficients of phenotypic Pearson and Spearman coefficients
obtained between the FRAME_GMA scores before and after the calculations, ordered as 0.99
for both gender groups. The descriptive statistics for the FRAME_GMA scores by sex are
presented in Table 5.

Genetics and Molecular Research 5 (4): 828-836 (2006) www.funpecrp.com.br



A model for Nelloreframe scores 833

Table 5. Descriptive statistics for FRAME_GMA and FRAME_BIF scores by sex.

S N 1) SD cv MIN MAX
FRAME_GMA Male 6541 7.0 24 34.5% 1 12
Femae 6094 54 2.1 39.5% 1 11
FRAME_BIF Male 6276 6.3 0.9 14.7% 3 9
Femae 5808 6.9 0.9 12.2% 4 10

N = number of observations; p = mean ; SD = standard deviation; CV = coefficient of variation (%); MIN = minimum value;
MAX = maximum value.

Using the equations recommended by the Beef Improvement Federation (2002), 12,084
FRAME_BIF scores were estimated. The descriptive statistics, by sex, for the FRAME_BIF
scores are given in Table 5. Mercadante et a. (2004) reported alower range for Nellore cattle,
of 6.03 = 0.99 for FRAME_BIF scores for females between 16 and 21 months. The low
variability, observed in our study, of the FRAME_BIF scores, based on the variation coeffi-
cients for males and females, and the high percentage of scores 6 and 7 was similar to the
variation observed by Mercadante et al. (2004).

The coefficients of variation observed by gender for FRAME_BIF scores were lower
than those observed for FRAME_GMA. The coefficient of variation for W18 was about 72%
higher than for H18 and approximately 50% higher than the coefficient for Agel8 for both
genders (Tables 2 and 3). In the models for estimation of the FRAME_GMA scores, W18
influenced the coefficients of variation of the frame scores, through its greater variability; this
did not happen with the FRAME_BIF scores, as these variables had low variability.

The estimates of the FRAME_GMA and FRAME_BIF scores were approximated to
wholevalues, considering the difficulty of interpretation of the decimal valuesfor frame, espe-
cialy under field conditions. Thisdecision was based on the high phenotypic Pearson and Spear-
man correlation coefficients from 0.93 to 0.99 for males and females, for the frame scores.

The estimates of co-variance components and heritability in single-trait analysis are
showninTable6. Inmulti-trait analysis, with WW being considered the“ anchor trait”, heritability
estimates for additive genetic direct effects for FRAME_GMA and FRAME_BIF were 0.28
and 0.24, respectively. The estimated heritabilities for frame scoresin multi-trait analysis with
W18 presented the same values as were determined with single-trait analysis. The heritability
for FRAME_BIF obtained with both single- and multi-trait analysis was lower than the values
reported by Mercadante et al. (2004), who examined adata set of 3,948 animalsand found 0.48
+ 0.04 and 0.60, respectively.

The co-variance estimates between WW and FRAME_GMA (o __, = 4.63) and with
FRAME_BIF (o, = 1.63), obtained with multi-trait analysis, showed that selection for weaning
weight should positively affect frame scores. Positive correlations between WW and height (Scarpati
et a., 1996) proved that selection for weight at early ages increases beef cattle frame traits.

Phenotypic Pearson and Spearman correl ation coefficientsbetweenthe FRAME_GMA
and the FRAME_BIF for maleswere 0.87 and 0.83, respectively, being lower than those found
for females (0.92 for both coefficients). The genetic correlation between the frame scores did
not differ between genders, with values of 0.92 for the Pearson coefficient and 0.91 for the
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Table 6. Estimate of (co)variance components and genetic parameters for single-trait analysis of FRAME_GMA
scores, FRAME_BIF scores, hip height at 18 months (H18), weight at 18 months (W18), and weaning weight
(WW), obtained by the restricted maximum likelihood method in Nellore cattle.

Analysis o2 6?2 c c? c? G2 h?

a m am [ e P a
Www 63.80 3.70 6.39 38.79 118.17 230.85 0.28 + 0.04
FRAME_GMA 0.63 - - - 1.78 2.40 0.26 + 0.03
FRAME_BIF 0.10 - - - 0.35 0.45 0.23+0.03
H18 2.45 - - - 7.25 9.71 0.25+0.03
W18 161.40 - - - 319.91 481.31 0.34+0.03

c,2 = additive direct genetic variance; ¢, 2 = additive maternal genetic variance; 6, = co-variance between the additive
direct and maternal genetic effects; 6> = variance due to permanent environmental effects; ¢ 2 = environmental variance;
6.2 = phenotypic variance; h? = heritability estimates for the additive direct genetic effects; - = effect not included in the
model.

Spearman coefficient. The high genetic and phenotypic correl ations between the frame scores
show that the models for estimating FRAME_GMA are well adjusted to the data set, being
superior to FRAME_BIF for estimating weight. Horimoto et a. (2004), using 33,567 records of
adifferent Nellore data set, came to similar conclusions.

Tables 7 and 8, present Pearson and Spearman phenotypic and genetic correlations
between frame scores and traits used in the modelsfor estimating the scores, divided by gender.

Table 7. Genetic and phenotypic Pearson (P) and Spearman (S) correlation coefficients between the frame scores
(FRAME_GMA and FRAME_BIF) and age at the measurement date of the hip height (age18), weight at 18 months
(W18) and hip height at 18 months (H18) for males.

Phenotypic correlation Genetic correlation
FRAME_GMA FRAME_BIF FRAME_GMA FRAME_BIF
P S P S P S P S
Agel8 0.34 0.34 0.01 0.01 - - - -
w18 0.78 0.80 0.56 0.55 0.61 0.59 0.43 0.41
H18 0.97 0.95 0.92 0.88 0.95 0.94 0.94 0.93

Table 8. Genetic and phenotypic Pearson (P) and Spearman (S) correlation coefficients between the frame scores
(FRAME_GMA and FRAME_BIF) and age at the measurement date of hip height (agel8), weight at 18 months
(W18) and hip height at 18 months (H18) for females.

Phenotypic correlation Genetic correlation
FRAME_GMA FRAME_BIF FRAME_GMA FRAME_BIF
P S P S P S P S
Agel8 0.38 0.37 0.22 0.21 - - - -
W18 0.73 0.73 0.54 0.55 0.61 0.59 0.44 0.42
H18 0.97 0.97 0.95 0.94 0.95 0.95 0.94 0.92
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The observed estimates of phenotypic correlation between FRAME_GMA and the
independent variables, Agel8, W18 and H18, were aways higher, for both genders, when com-
pared to the phenotypic correlations between FRAME_BIF and these same independent vari-
ables. Similar results were reported by Horimoto et a. (2004), in other study with the same
breed. The estimates of genetic correlation were aso higher between the FRAME_GMA and
the independent variables W18 and H18, for males and females, based on the estimates of
genetic correlation between FRAME_BIF and these same independent variables.

CONCLUSIONS

Specific mathematical models that have been developed for estimating frame scores
for Nelore cattle have been found to be better adjusted to that breed than the equations recom-
mended by theAmerican Beef Improvement Federation (2002). Our model for estimating frame
scores and genetic parameters was developed for and tested on a Nelore cattle population.
Further studies will be needed to determine the applicability of this model to other population
samples and for other age groups.
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