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ABSTRACT:  Our objectives were: 1) to determine if a genetic relationship exists between mature weight (MW), weaning weight (WW), and post weaning gain (PW) in Red Angus cattle; and 2) to determine if the additive genetic relationship changes between weaning weight and different MW age groups.  We received data from the Red Angus Association of America on 111,460 MW, 546,780 WW, and 215,132 PW records.  Mature weight contemporary groups were formed using weaning contemporary group of the calf and percentage Red Angus of the dam.  Weaning contemporary group included birth contemporary group, weaning workgroup, weigh date, calf sex, and feed treatment and management code. Post weaning gain contemporary group included yearling workgroup, weigh date, calf sex, breeder management code, and weaning contemporary group.  We selected three herds for our analysis and removed records of animals with incomplete contemporary group information and less than 50% Red Angus, reducing the data to 25,143 MW, 22,651 adjusted WW, and 19,180 PW records.  We estimated variance components with Method ( procedures and multivariate animal models.  Analyses included WW with MW at ages 2 (MW2), 3 (MW3) and 4 to 9 yr (MW4-9), and PW with MW of 2 to 9 yr. (MW2-9).  Fixed effects for MW included contemporary group and an interaction of age of cow by age of dam; random effects included additive direct genetic effects of animal, permanent environment, and residual.  Fixed effects for WW included contemporary group, a sex by age of dam interaction, a covariate of weaning age. Random effects were additive direct(maternal) genetic effects of animal and residual.  Postweaning gain fixed effects were contemporary group, a sex by age of dam interaction, and random additive direct genetic effects of animal and residual. Genetic correlation estimates between WW and MW2, MW3, and MW4-9 were .61, .43, and .81, respectively.  Genetic correlation estimate between PW and MW2-9 was .68. Results show that an additive genetic relationship is present among MW, WW, and PW.  Inclusion of WW or PW records in a multivariate analysis with MW may serve to increase accuracy of MW predictions.
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Introduction

A large proportion of energy intake for a mature cow is allocated toward maintenance, representing approximately 70% of total metabolizable energy intake (NRC, 1996). Mature cow maintenance energy requirement is an important production expense because feed intake accounts for 40% to 70% of average annual cow costs (Taylor, 1994).

In beef cattle, there are few genetic predictors for mature cow maintenance energy requirements.  Mature cow size has been used to select for improved energy intake.  However, it is an indicator trait and not the economically relevant trait of mature cow maintenance energy requirement (Golden and Bourdon, 1999).

Few cattle breed associations publish a mature weight EPD (AAA, 2000).  Mature weight data are typically collected on mature females and represent a selected group.  As a result, genetic predictions for mature weight are biased because of prior selection (Kaps et al., 1999). 

A moderate to strong genetic correlation exists between immature weights and mature weight in beef cattle (Bullock et al., 1993; Koots et al., 1994b).  For most breed associations, there are more observations of immature weights submitted for the production of EPD than mature cow weights.  Using a multivariate animal model BLUP, immature growth traits could be analyzed as correlated traits to generate mature weight genetic predictions.  Including completely reported immature growth traits in an analysis would increase accuracies for mature weight predictions at younger ages and remove selection bias (Kaps et al., 1999).

The objectives of our study were: 1) to determine if a genetic relationship exists between mature weight, weaning weight, and postweaning gain in Red Angus; and 2) to determine if the additive genetic relationship changes between weaning weight and different mature weight age groups.  

Materials and Methods

Data Description

We received data from the Red Angus Association of America (RAAA) on 111,460 mature weight (MW), 546,780 weaning weight (WW), and 215,132 yearling weight (YW) records.  Prior to the analysis, weaning weights were standardized to an age of 205 d, and adjusted for age of dam and a sex by age of dam interaction (Golden et al., 1994). To form postweaning gain (PW) observations, the difference between YW and WW observations was determined and then standardized to 160 d (BIF, 1996).  We removed MW records on animals that had no contemporary group information, were less than 50% Red Angus breeding, or were outside an age range of 2 to 9 yr.  Editing of adjusted weaning weight data removed records involving multiple births, foster dams, ages outside the range of 160 to 250 d, less than 50% Red Angus breeding, or with missing WW contemporary group information.  We removed PW records of individuals that were missing contemporary group information, had invalid WW contemporary groups, or were outside and an age range of 320 to 410 d (BIF, 1996).  Data editing reduced the number of MW, WW, and PW observations to 32,357, 385,597, and 173,466, respectively.

Using information supplied by the RAAA, we formed contemporary groups for MW, WW, and PW.  Mature weight contemporary group included weaning contemporary group of the animal's calf when the MW observation was recorded and percentage Red Angus of the animal.  Weaning contemporary group included weaning workgroup, weigh date, calf sex, breeder management code, and birth contemporary group.  Birth contemporary group consisted of birth workgroup, calf sex, breeder management code, and percentage Red Angus.  Animals greater than 87.5% Red Angus were placed in one contemporary group and those with 50% to 87.5% Red Angus breeding were assigned to another contemporary group. We formed PW contemporary groups using yearling workgroup, yearling weigh date, calf sex, breeder management code, and weaning contemporary group.  

For variance components analyses, we selected three highly reported herds that were located in Nebraska and Wyoming.  These herds had multiple years of data, a large number of MW records, and reputable data recording systems.  To make the variance components analyses tractable, we limited the WW and PW data to years 1984 to 1998.  Descriptive statistics of the data analyzed for variance components of MW, WW, and PW are reported in Table 1.

Statistical Procedures

We estimated variance components using Method ( procedures (Reverter et al., 1994) and multivariate animal models (Henderson and Quaas, 1976; Henderson, 1984).  Estimates from each analysis were obtained from 20 to 35 random 50% subsamples of the data. We initially estimated (co)variance components between WW and MW at 2 yr. (MW2) and 3 yr. (MW3) of age using the following multivariate animal model:  
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YMW2(MW3) = vector of phenotypic observations on MW2(MW3), YWW = vector of phenotypic observations on WW, XMW2(MW3) = known incidence matrix of observations on MW2(MW3) related to fixed effects in b MW2(MW3), XWW = known incidence matrix of WW observations related to fixed effects in bWW, bMW2(MW3) = vector of fixed effects related to MW2(MW3), bWW = vector of fixed effects on WW, ZMW2(MW3) = incidence matrix of 0's and 1's relating random additive direct genetic effects of MW2(MW3) to Y MW2(MW3), ZWWd = incidence matrix of 0's and 1's relating random additive direct genetic effects on WW to YWW, ZWWm = incidence matrix of 0's and 1's relating random additive maternal effects of WW to YWW, uMW2(MW3)= vector of random additive direct genetic effects for MW2(MW3), uWWd = vector of random additive direct genetic effects for WW, uWWm = vector of random additive maternal genetic effects for WW, eMW2(MW3) = vector of random residual errors for MW2(MW3), and eWW = vector of random residual errors for WW.  A = Wright's numerator relationship matrix, I = identity matrix, (2MW2(MW3) = additive direct genetic variance for MW2(MW3), (2WWd = additive direct genetic variance for WW, (2WWm = additive maternal genetic variance for WW,  (MW2(MW3)(WWd = covariance between additive direct genetic MW2(MW3) and additive direct genetic WW effects, (MW2(MW3)(WWm = covariance between additive direct genetic MW2(MW3) and additive maternal genetic WW, (WWd(WWm = covariance between additive direct genetic WW and additive maternal genetic WW effects, (2eMW2(MW3) = residual error variance for MW2(MW3), (2eWW = residual error variance for WW, and (e MW2(MW3)(WW = residual error covariance between MW2(MW3) and WW.

The animal model for MW2 and MW3 included fixed effects of contemporary group and age of dam plus random effects included additive direct genetic effects of animal and residual. Fixed effects for WW were weaning contemporary group, sex by age of dam interaction, a covariate of weaning age.  Random effects included random additive direct and maternal genetic effects of animal, and residual. We excluded the WW random permanent environmental effect of the dam because variance component estimates for WW-MW3 were outside the parameter space.

In a separate analysis, we estimated (co)variance components between WW and MW for ages 4 to 9 yr. (MW4-9) using a repeated measures analysis.  For this analysis, we grouped ages 4 to 9 yr. and analyzed WW-MW4-9 using the following multivariate animal model (Henderson and Quaas, 1976):
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YMW4-9 = vector of phenotypic observations on MW4-9, YWW = vector of phenotypic observations on WW, XMW4-9(WW) = known incidence matrix of observations on MW4-9(WW) related to fixed effects in bMW4-9(WW), bMW4-9(WW) = vector of fixed effects related to MW4-9(WW), ZMW4-9(WWd) = incidence matrix of 0's and 1's relating random additive direct genetic effects on MW4-9(WW) to YMW4-9(WW), Zc = incidence matrix of 0's and 1's relating random permanent environmental effects on MW4-9 to YMW4-9, ZWWm = incidence matrix of 0's and 1's relating random additive maternal genetic effects of WW to YWW, uMW4-9(WWd) = vector of random additive direct genetic effects for MW4-9(WW), uWWm = vector of random additive maternal genetic effects for WW, uc4-9 = vector of random permanent environmental effects for MW4-9, eMW4-9(WW) = vector of random residual errors for MW4-9(WW).  A = Wright's numerator relationship matrix, I = identity matrix,       (2MW4-9(WWd)= additive genetic variance for direct effects of MW4-9(WW), (2WWm = additive maternal genetic variance of WW, (2c= permanent environmental variance for MW4-9, (MW4-9(WWd = covariance between additive direct genetic MW4-9 and additive direct genetic WW effects, (MW4-9(WWm = covariance between additive direct genetic MW4-9 and additive maternal genetic WW, (WWd(WWm = covariance between additive direct genetic WW and additive maternal genetic WW effects, (2eMW4-9(WW)= residual error variance for MW4-9(WW), and (e(MW4-9(WW) = residual error covariance between MW4-9 and WW.

 In the WW with MW4-9 analysis, fixed effects for MW4-9 included contemporary group and an age of dam by age of animal interaction.  Random effects included random additive direct genetic effects of animal, a random permanent environmental effect, and residual.  Fixed and random effects for WW were the same as those fit in the WW-MW2(3) analyses.  

We also used a repeated measures analysis for MW to analyze PW and MW at ages 2 through 9 (MW2-9).  The model was:
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YMW2-9 = vector of phenotypic observations on MW2-9, XMW2-9(PW) = known incidence matrix of observations on MW2-9(PW)  related to fixed effects in bMW2-9(PW), bMW2-9(PW) = vector of fixed effects related to MW2-9(PW), ZMW2-9(PW) = incidence matrix of 0's and 1's relating random additive direct genetic effects of MW2-9(PW) to YMW2-9(PW) , Zc = incidence matrix of 0's and 1's relating random permanent environmental effects of MW2-9 to YMW2-9, uMW2-9(PW) = vector of random additive direct genetic effects for      MW2-9(PW), uc2-9 = vector of random permanent environmental effects for MW2-9, eMW2-9(PW) = vector of random residual errors for MW2-9(PW).  A = Wright's numerator relationship matrix, I = identity matrix,       (2MW2-9(PW)= additive genetic variance for direct effects of      MW2-9(PW), (2c2-9 = permanent environmental variance for MW2-9, (MW2-9(PW= covariance between additive direct genetic MW2-9 and additive direct genetic PW effects, (2eMW2-9(PW)= residual error variance for MW2-9(PW), and (e(MW2-9(PW) = residual error covariance between MW2-9 and PW.

Fixed effects for MW2-9 were identical to those effects fit in the analysis of WW with MW4-9.  Fixed effects for PW included contemporary group and a sex by age of dam interaction. 

For WW-MW2, WW-MW3, WW-MW4-9, and PW-MW2-9 analyses, we used the RAAA supplied data and pedigree to construct three-generation pedigrees.  Pedigrees consisted of the individuals with a valid MW or immature weight observation (WW or PW), their parents, and their grandparents.  We used the Animal Breeders Tool Kit software to assemble pedigrees and numerator relationship matrices (Golden et al., 1992). 

Results and Discussion

Heritabilities

Results of the variance component analyses WW-MW2, WW-MW3, WW-MW4-9, and PW-MW2-9 are reported in Tables 2 through 5. Heritability (h2) estimates for MW2, MW3, MW4-9, and MW2-9 were .52, .43, .61, and .55, respectively.  In previous studies, Brinks et al. (1964), Bullock et al. (1993), and Kaps et al. (1999) reported h2 estimates for MW of .52 and .57, .52, and .50, respectively.   Heritability estimates of our study are in agreement with published literature values and show that MW is a heritable trait in Red Angus cattle.

Estimates for the proportion of phenotypic variance due to permanent environment for MW4-9 and MW2-9 were .22 and .23, respectively (Tables 4 and 5).  Kaps et al. (1999) previously reported an estimate of .12.  

Estimates for h2 of additive direct genetic WW (WWd) from analyses with MW2 and MW3 (Tables 2 and 3) were similar to prior literature estimates. Koots et al. (1994a) reported a weighted h2 estimate of .24 for WWd and the RAAA currently uses a h2 estimate of .23 (RAAA, 1998). In a separate analysis between WW and MW4-9, we obtained a higher h2 estimate for WWd (Table 4).  

Heritability estimates for additive genetic maternal WW (WWm) were .35 to .36 (Tables 2 through 4).  Koots et al. (1994a) and Kaps et al. (1999) reported h2 estimates for WWm of .20 and .17, respectively.  Heritability estimates of WWm from this study are higher than previously reported literature estimates (Koots et al., 1994a).  Our estimates may be inflated because we excluded a random permanent environment effect due to the dam in the model.

The h2 estimate for PW was in the range of literature estimates (Table 5).  In previous studies, Bullock et al. (1993), Golden et al. (1994), and Koots et al. (1994a) reported h2 estimates of .23, .36, and .29, respectively.  However, our PW h2 estimate is higher than the .22 currently used by RAAA (RAAA, 1998).  The differences we observed in the h2 estimates for PW could be due to estimating variance components using an updated data set and cattle from a restricted set of Red Angus breeders. 

Correlations

Genetic correlation estimates for analyses of WWd with MW2, MW3, MW4-9 were .61, .53, and .81, respectively.   Brinks et al. (1964), Northcutt et al. (1993), and Kaps et al. (1999) obtained genetic correlation estimates between MW and WW of .59, .62, and .63, respectively.  Our genetic correlation estimates for WWd with MW2(3) agreed with previously reported estimates.  However, we estimated a genetic correlation of .81 between WWd and MW4-9 (Table 4).  This estimate was in agreement with a .85 genetic correlation estimate previously reported by Kaps et al. (1999).  They estimated variance components for MW and WW using a multivariate animal model and treated MW as a repeatedly observed trait.  The authors attributed the higher genetic correlation estimate to an increase in the additive direct genetic covariance between MW and WWd and a lower temporary environmental covariance due to repeated MW observations.  

Genetic correlation estimates were near zero for analyses combining WWm with MW2 and WWm with MW3 (Table 2 and 3).  However, the genetic correlation estimate for WWm with MW4-9 was -.24 (Table 4).  Kaps et al. (1999) estimated a -.34 and -.45 genetic correlation between WWm and MW.  There may be a negative additive genetic relationship between WWm and MW at different ages.  However, estimates from this study and the literature show that the genetic correlation between WWm and MW at different ages is not consistently negative.  Further research is needed to confirm the magnitude and direction of the genetic relationship between WWm and MW across all ages. 

In the multivariate analysis combining PW and MW2-9, we estimated a genetic correlation of .68 (Table 5).  This estimate agreed with a previously reported estimate of .76 (Bullock et al., 1993).  However, our estimate of the genetic correlation was higher than an estimate reported by Koots et al. (1994b). They reported a .17 genetic correlation estimate for PW with MW and a .40 genetic correlation estimate for yearling gain with MW.  

Conclusions and Implications

The results of this study indicate a moderate to strong additive genetic relationship between WWd and MW in Red Angus cattle.  However, the magnitude of the genetic correlation estimates between WWd and MW differed among MW age groups.   Additionally, there was an additive genetic relationship between PW and MW2-9. The inclusion of immature weights, such as WW or PW, in a multivariate analysis has the potential to increase accuracy of genetic predictions for MW.  More importantly, including completely reported traits like WW should reduce selection bias.  
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Table 1.  Descriptive statistics for weaning weight (WW)1, postweaning gain (PW), and mature weight at 2 (MW2), 3 (MW3), 4 to 9 (MW4-9), and 2 to 9 (MW2-9) among data analyzed in Red Angus cattle


WW1
PW
MW2
MW3
MW4-9
MW2-9

N2
22,651
19,180
6,874
4,634
13,295
25,143

Mean (kg)
233.58
149.95
406.33
454.00
517.67
474.84

SD (kg)
30.23
63.73
56.66
60.82
64.32
78.30

Range (kg)
102.49 – 348.30
1.81 to 396.83
272.11 – 673.47
280.27 – 730.16
299.54 – 902.27
272.10 to 900.23

1Descriptive statistics are derived from adjusted weaning weight observations.

2N = number of records.

Table 2.  Median heritability, and genetic and residual

 correlation estimates between 2 yr. mature weight (MW2) 

and weaning (WW) in Red Angus Cattle (n3=25)

Trait2
MW2
WWd
WWm

MW2
.521 

(.49 to .53)
.61 

(.59 to .68)
-.041 

(-.06 to -.02)

WWd

.22 

(.20 to .24)
-.12 

(-.15 to -.10)

WWm


.35 

(.34 to .36)

re
.61 

(.58 to .64)



1Heritability estimates are located along the diagonal, genetic correlations 

 above the diagonal, residual correlations below the diagonal, and 95% CI 

 in parentheses.

2d = additive direct and m = additive maternal 

3n= Number of random 50% subsamples.

Table 3. Median heritability, and genetic and residual 

correlation estimates between 3 yr. mature weight (MW3) 

and weaning (WW) in Red Angus Cattle (n3=20)

Trait2
MW3
WWd
WWm

MW3
.431

 (.40 to .47)
.53 

(.35 to .56)
.012 

(-.11 to .09)

WWd

.20 

(.17 to .21)
-.09 

(-.11 to -.04)

WWm


.35 

(.33 to .36)

re
.67 

(.65 to .69)



1Heritability estimates are located along the diagonal, genetic correlations 

 above the diagonal, residual correlations below the diagonal, and 95% CI

 in parentheses.

2d = additive direct and m = additive maternal 

3n=Number of random 50% subsamples

Table 4. Median heritability, proportion of phenotypic variance due to permanent 

environment, and genetic and residual correlations (re) estimates between mature weight 

at 4 to 9 yr. of age (MW4-9) and weaning (WW) in Red Angus Cattle (n3=28)

Trait2
MW4-9
MWpe
WWd
WWm

MW4-9
.611 

(.58 to .63)
(
.81 

(.78 to .84)
-.24 

(-.25 to -.20)

MWpe

.22 

(.20 to .24)
(
(

WWd


.32

 (.26 to .37)
-.23 

(-.28 to -.19)

WWm



.36

 (.35 to .38)

re
.31 

(.29 to .34)




1Heritability estimates are located along the diagonal, genetic correlations above the diagonal, 

 residual correlations below the diagonal, and 95% CI in parentheses.

2d = additive direct, m = additive maternal, and pe = permanent environment

3n= Number of random 50% subsamples.

Table 5. Median heritability, and genetic correlations 

between postweaning gain (PW) and mature weight for 2

 to 9 yr. of age (MW2-9)  in Red Angus Cattle (n3=35)

Trait2
MW2-9
MWpe
PW

MW2-9
.551 

(.53 to .57)
(
.681

(.67 to .70)

MWpe

.23 

(.22 to .25)
(

PW


.31 

(.29 to .32)

re
.13 

(.12 to .14)



1Heritability estimates are located along the diagonal, genetic correlations     

 above the diagonal, residual correlations below the diagonal, and 95% CI

 in parentheses.

2pe = permanent environment.

3n= Number of random 50% subsamples.
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