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ABSTRACT

Analysis of Genetic Parameters for Growth and
Carcass Traits of Canadian Charolais Cattle.
By

Dwight A. Sexton

Growth and carcass records were received from the Canadian Charolais Association’s
Conception to Consumer Program which encompassed 5401 progeny of 172 sires, born
from 1975 through 1993. Sires were randomly bred to mature commercial cows, and the
offspring were placed in a commercial feedlot and a 112-day performance test. Progeny
of sires were slaughtered when they visually reached the A1 or A2 Canadian carcass
grade. Carcass weight, longissimus muscle area, 12th rib backfat, marbling score, carcass
grade, and cutability were analyzed using slaughter age as a covariate. In a separate
analysis, longissimus muscle area, 12th rib backfat, and marbling score were analyzed
using carcass weight as a covariate. A five trait sire model that included sire relationships
was employed using an average information REML (DMUAI) algorithm to estimate
(co)variance components. Heritability estimates for the following traits included: birth
weight, 0.22; adjusted 200 day weight, 0.11; adjusted 365 day weight, 0.19; post-weaning
average daily gain, 0.21; end of test weight, 0.18; slaughter age adjusted carcass weight,
0.13; slaughter age adjusted marbling score, 0.27; carcass weight adjusted marbling score,
0.28; slaughter age adjusted longissimus muscle area, 0.29; carcass weight adjusted
longissimus muscle area, 0.38; slaughter age adjusted 12th rib backfat thickness, 0.37,

carcass weight adjusted 12th rib backfat thickness, 0.36; slaughter age adjusted carcass



carcass weight adjusted 12th rib backfat thickness, 0.36; slaughter age adjusted carcass
grade, 0.23; slaughter age adjusted cutability, 0.32. Genetic (r;) and phenotypic (r,)
correlations between the growth traits analyzed in most instances were moderate to high.
With the exception of carcass weight, the (rg) and (r,) of growth by carcass traits were low
to moderate. When adjusted to an age constant basis, the estimated genetic correlation
(rp) between carcass weight and longissimus muscle area was 0.18, while the estimate of
(ry) between carcass weight and 12th rib backfat thickness was 0.17. The (ry) between
marbling score (increased marbling had a lower numerical score) with longissimus muscle
area and also to 12th rib backfat thickness was 0.16 and -0.32, respectively. The effect of
selection on the females had little, if any, impact on the estimation of genetic parameters.
These data indicate that successful selection for growth and carcass traits can occur, but

antagonistic results may transpire.
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1. INTRODUCTION

When the continental breeds of cattle were introduced into North America in the
1950’s through the 1970’s, a change in traits of economic importance under selection also
occurred. Fat was no longer considered desirable, and leaner, faster growing cattle were
desired. Additionally, through the inclusion of these later maturing breeds, commercial
cattlemen were able to reap the rewards of selection, migration, and heterosis at a much
faster pace. Furthermore, during this same time period, great strides were made in the
field of animal breeding, and animal scientists were much better equipped to identify
genetically superior animals through the use of mixed model methodology (Henderson,
1953).

In an effort to increase their market share in the beef industry, members of the
Canadian Charolais Association designed an unbiased progeny test program that enabled
bulls to be proven for growth and carcass traits. There was selection on the heifers used
in the study, which may result in selection bias if it was not a random culling of the heifers.
As a result of this program, data were available for the estimation of (co)variance
components through the use of multiple trait mixed model methodology. Heritability
values, in addition to genetic, environmental and phenotypic correlations, could be
estimated. Heritability estimates enable producers to explain variation, or the lack of
variation from parent to progeny, when designing selection programs. Genetic
correlations give an indication of how traits not directly selected upon will change when
producers use estimates of genetic merit when making their mating decisions.

Environmental correlations are important to note in selection programs because they can



either have antagonistic or desirable effects that will effect the phenotypic correlation.
Phenotypic correlations are indicators of how traits will react together if they are not
selected for with breeding values. With these statistics, members of the Canadian
Charolais Association can measure the degree of potential progress possible through
selection for the traits evaluated in the Conception to Consumer Program. In addition to
what this information provides to individual breeders, these details are important to the
Canadian Charolais Association as they continually update their sire summaries because
they need prior values to use for their assessment of expected progeny differences.

The traits evaluated in this study include: birth weight, age adjusted 200 day
weight, age adjusted 365 day weight, post-weaning average daily gain on test, and end of
test weight. Additional carcass traits involved in this study include: hot carcass weight,
longissimus muscle area, 12th rib backfat thickness, marbling score, carcass grade, and
also cutability percentage.

The overall objective was to study progeny from 172 Charolais sires to provide
heritability estimates on various traits. The specific objectives of this study were to:

1. Estimate the genetic and phenotypic parameters among growth and

carcass traits.

2. Explore the potential selection bias from the selection on females in

these data.



2. LITERATURE REVIEW

2.1 Introduction

Genetic estimates for growth and carcass traits in beef cattle provide an indication
of the progress that can be made by selecting for certain traits and the resulting change in
correlated traits. Falconer (1960) describes methods to show advances in the genetic

makeup of livestock. The formula necessary to estimate genetic progress is as follows:

=i\/h_20',,

ad G.I.

where: Ag is genetic progress,
i is the notation for selection intensity, which is the “standardized”

selection differential of normally distributed traits,

\/;2_ is the square root of heritability (the accuracy of the breeding value
based on individual phenotypic records),
o , is the additive genetic standard deviation for the trait, and
G.L is the generation interval for the population.
Additionally, Falconer (1960) describes the measurement of the correlated response to
selection, which is the response in a second trait that occurs after selection has occurred

upon the initial trait. The formula for the correlated response to selection is:

CR,= i\fiz \/;,{7;00',

where: C.R.y is the correlated response of trait Y when trait X is selected for,



iis the notation for selection intensity, which is the “standardized”

selection differential for the normal distribution,

Jiy{—z is the square root of heritability (the accuracy of the breeding value
based on individual phenotypic records), for the selected
trait X, |

h,* is the square root of heritability (the reliability of the phenotypic
value as a guide to the breeding value) for the correlated

trait Y,

r,, isthe genetic correlation between traits X and Y,

oy is the phenotypic standard deviation of trait Y, and

G.IL is the generation interval for the population.

Because of their importance to genetic evaluations, estimates of the genetic and
phenotypic parameters are essential to the future of any and all populations undergoing

selection.
2.2 Genetic Aspects Of Growth And Carcass Traits

2.2.1 Birth Weight
The birth weight of beef calves is of critical interest to beef cattle producers
(B.LF., 1990) as lighter weight calves tend to have lower mortality rates, are born easier,

and result in less rebreeding difficulties for the dam. Koots et al. (1994a), in a paper



which summarized published genetic parameters of 287 papers from North America and
Europe analyzing 70 traits, reported 172 birth weight heritability values had a mean
heritability of 0.35 with a 0.16 standard deviation. Koots et al. reported that the
heritability values were affected by the mean and phenotypic standard deviation of the
population, in addition to the effects of breed, sex, method of parameter estimation,
feeding management, and data origin, although the magnitude and direction of the effects
varied. Moreover, Koots et al. noted that traits with low heritability values tended to have
the average heritability value overestimated. Johnston et al. (1992) used a two trait sire
model without sire relationship information on 1444 Charolais sired progeny from the
Canadian Charolais Association’s Conception to Consumer Program to report a birth
weight heritability estimate of 0.25. Koch et al. (1982) analyzed data from 2,453 steers at
the Germ Plasm Evaluation project at the Meat Animal Research Center to estimate a
birth weight heritability of 0.43. de Rose (1992) estimated 0.45 to be the birth weight
heritability for Charolais in the Canadian Beef Sire Evaluation Program using a multiple
trait animal model. Woodward et al. (1992) reported an estimate of birth weight
heritability on 13,670 Simmental progeny to be 0.28 (Table 1). Heritability values of this
magnitude suggest that genetic progress can be made when selecting for lower birth
weights.

The genetic correlations reported in the literature of birth weight to other growth
traits are represented in Table 2. The mean genetic correlations of birth weight and other
growth traits (weaning weight, yearling weight, post-weaning average daily gain, and end

of test weight) reported from a review of the literature cited were 0.45, 0.48, 0.43, and



0.41, respectively. Table 4 contains the average and range of literature genetic
correlations for growth and carcass traits. The average genetic correlation between birth
weight and carcass weight was 0.44, while the average correlation between birth weight
and longissimus muscle area was 0.40. These growth and carcass trait correlations
suggest that selection for lower birth weights would result in lighter weight cattle with
smaller longissimus muscle areas. Additional genetic correlations of birth weight to 12th
rib fat thickness, marbling score, and cutability included respective mean values of -0.27,
0.12, and 0.10. Therefore, when selecting for lighter birth weight calves, the correlated
genetic response would yield carcasses with more fat, and lower cutability cattle with
more marbling.

The mean phenotypic correlations for each of the trait combinations with birth
weight possessed the same sign but had lower magnitudes than the respective genetic
correlations (Table 2; Table 4; Table 5; Table 7). Koots et al. (1994b) analyzed 66 and 42
citings in the literature and determined the mean phenotypic correlations of birth weight to
weaning weight and also birth weight to post-weaning average daily gain of 0.36 and 0.20,
respectively. Koots et al. (1994b) conducted a weighted least squares analysis of
literature estimates of each correlation and showed several factors significantly (P<0.10)
affecting the estimates, including breed, country, sex, and decade in which data were
collected. Other factors such as data origin (field data or experimental data), feeding
regime (range or feedlot) and estimation method such as sire versus animal model and
single versus multiple trait analysis generally did not significantly affect genetic and

phenotypic correlations.



2.2.2 Weaning Weight

The weaning weight of a calf is the best measure of pre-weaning growth. Amold
et al. (1991) reported a weaning weight heritability of 0.09 from a study of 2411 Hereford
steers from the American Hereford Association’s sire evaluation program which used a
two trait sire model in the analysis. de Rose (1992) used data from the Canadian Beef Sire
Evaluation Program on Charolais and Charolais-sired cattle to estimate a heritability value
of 0.25 for weaning weight with a multiple trait, animal model. Woodward et al. (1992),
Nufiez-Dominguez et al. (1993), and Veseth et al. (1993) reported heritability values of
0.18, 0.37, and 0.17, respectively, for weaning weight (Table 1). Johnston et al. (1992)
also reported a weaning weight heritability value of 0.09 as did Amold et al. (1991), but
also cited Robertson (1977), noting that if selection of the parents is based on the trait on
which heritability is being measured then the estimates may be biased due to reduced
additive genetic variance of the parents. Koots et al. (1994a) summarized 239 weaning
weight heritability estimates and found a mean of 0.27 with a standard deviation of 0.17.
These results indicate that weaning weight is low to moderately heritable and moderately
low genetic response to selection may be expected for this trait.

Weaning weight has been reported to have a medium to high genetic and
phenotypic correlation with other growth traits. Koots et al. (1994b) determined a mean
genetic correlation of 0.78 from 66 references and 0.72 for a mean phenotypic correlation
from 77 sources for weaning weight correlated to yearling weight. Marshall (1994) also
conducted a review of the recent scientific literature on breed characterization and genetic

parameters for beef cattle carcass traits and after averaging correlations of weaning weight
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to 12th rib fat thickness and weaning weight to cutability, found mean genetic correlations
of 0.37 and -0.11 and phenotypic correlations of 0.21 and -.019, respectively. These
correlations indicate that genetic improvement should occur when producers use breeding
values to make their selections, but there is an antagonistic phenotypic response on these
traits from environmental influences. Woodward et al. (1992) analyzed 13,670 Simmental
records from 1971-1988 with a multiple trait sire model and reported a genetic and
phenotypic correlation of 0.16, and 0.02, respectively, between weaning weight and
marbling. Seven hundred thirty-six Hereford bulls analyzed by Veseth et al. (1993) with
Henderson’s Method 3 (1953) produced genetic and phenotypic correlations for weaning
weight to marbling of 0.81 and 0.16, respectively. Marshall (1994) reported respective
genetic and phenotypic correlations for weaning weight to marbling of 0.39 and 0.08.
Meanwhile, Amold et al. (1991) estimated a genetic correlation of -0.01, while Koots et
al. (1994b) reported a mean genetic correlation of -0.17 and a phenotypic correlation of
-0.04 for weaning weight and marbling. These citings indicate that a medium to high
response in carcass weight, longissimus muscle area, and other growth traits would occur
when selecting for increased weaning weights. Nonetheless, only a moderate to low
response in 12th rib fat thickness or marbling score would result when selecting for

weaning weight.

2.2.3 Yearling Weight
Yearling weight of a calf is a primary estimate of a calf’s post-weaning growth.

Amold et al. (1991), Johnston et al. (1992), and de Rose (1992) reported respective
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heritability estimates of 0.14, 0.16, and 0.30 (Table 1). Nufiez-Dominguez et al. (1993)
used a multiple trait sire model on the Charolais sired progeny on the U.S. Meat Animal
Research Center’s Germ Plasm Evaluation project to report a yearling weight heritability
of 0.42. Koots et al. (1994a) reported a mean heritability value of 0.35 from 154
references that had a standard deviation of 0.22. The values indicate that moderate
genetic gain can occur when selecting for increased yearling weights.

The average literature genetic correlation for each growth trait combination was
0.48, 0.42, 0.49, and 0.63, respectively, for yearling weight correlated to birth weight,
weaning weight, post-weaning average daily gain, and end of test weight. Koots et al.
(1994b) indicated a genetic correlation of -0.37 for yearling weight to marbling and a
genetic correlation of 0.32 for yearling weight to 12th rib fat thickness. Again, the
literature indicates with moderately high genetic correlations that selecting for increased
growth should result in heavier carcasses with larger longissimus muscle areas and less

marbling.

2.2.4 Post-weaning Average Daily Gain

Post-weaning average daily gain is measured from when the calf begins the post-
weaning test until the end of test weight is taken. Benyshek (1981) analyzed 8474
Hereford steers that were raised from 1960-1977 for the American Hereford Association’s
sire evaluation program with a restricted maximum likelihood (REML) algorithm to report
a post-weaning average daily gain heritability of 0.52. Koch et al. (1982) used data from

the U.S. Meat Animal Research Center’s Germ Plasm Evaluation project from 1970-1976
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on 2453 steers of diverse biological types to report a post-weaning average daily gain
heritability value of 0.57. Literature values of 0.13, 0.19, and 0.47, respectively, were
reported by Amold et al. (1991), Johnston et al. (1992), and Veseth et al. (1993) (Table
1). Koots et al. (1994a) averaged 24 heritability estimates for post-weaning average
daily gain and reported a mean of 0.29 and a standard deviation of 0.20. This mean
estimate indicates that medium genetic progress can be made for improving post-weaning
average daily gains.

A genetic correlation of 0.89 and a phenotypic correlation of 0.72 was reported by
Koch et al. (1982) between post-weaning average daily gain and carcass weight. Also,
Koch et al. reported a genetic correlation of 0.05 for post-weaning average daily gain with
12th rib fat thickness and a phenotypic correlation of 0.17 for that trait combination.
Additionally, they reported similar correlations between other growth traits with post-

weaning average daily gain (Table 2; Table 5).

2.2.5 End of Test Weight

The end of test weight is taken at the conclusion of the post-weaning test period.
A literature search for end of test weight heritability values yielded estimates of 0.52
(Benyshek, 1981) and 0.42 (Veseth et al., 1993). Koots et al. (1994a) analyzed 12
estimates which had a mean value of 0.37 with a standard deviation of 0.23 (Table 1).
These estimates indicate medium to high genetic progress can be made when selecting to

improve end of test weights.
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Veseth et al. (1993) reported a genetic correlation of 0.28 between birth weight
and end of test weight with a phenotypic correlation of 0.24. On the same data set of
Hereford bulls, Veseth et al. determined a genetic correlation of 0.98 and a phenotypic
correlation of 0.90 between end of test weight and carcass weight. Mean genetic and
phenotypic correlations of 0.38 and 0.30, respectively, between end of test weight and
longissimus muscle area were reported by Koots et al. (1994b) as well as -0.20 and -0.22
between end of test weight and cutability. The literature review indicates higher
correlations exist between end of test weight and other growth traits that are measured as
the age of the animal increases. These are to be expected as the traits are very similar in
nature. Additionally, the mean cited genetic correlation values suggest that improvement
in end of test weights should result in moderate to high response in longissimus muscle

area but an antagonistic response in cutability.

2,.2.6 Carcass Weight

A hot carcass weight is taken to assess carcass mass. Cundiff et al. (1971) used a
regression adjustment for age at slaughter to adjust data on 503 Angus, Hereford, and
Shorthorn steers that were born from 1961-1965 and reported a carcass weight heritability
of 0.56. Koch et al. (1982) used Henderson’s Method 3 (1953) to analyze 2453 steers of
diverse biological types from the U.S. Meat Animal Research Center’s Germ Plasm
Evaluation project from 1970-1976 to report a carcass weight heritability of 0.43. Other
age constant heritability values for carcass weight in the literature yielded estimates of

0.24, and 0.09 from Amold et al. (1991), and Johnston et al. (1992), respectively.
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Additionally, age constant carcass weight heritabilities included 0.38 and 0.41 (Nuilez-
Dominguez et al., 1993; Marshall, 1994) (Table 1). Wilson et al. (1993) utilized a
multiple trait REML sire model that included an adjustment for slaughter age to analyze
9448 Angus records from the American Angus Association’s carcass evaluation program
and reported a carcass weight heritability of 0.31. Koots et al. (1994a) analyzed 19 age
constant heritability estimates and reported a mean of 0.45 and a standard deviation of
0.22. These moderate and high heritability values suggest that progress can be made when
selecting for carcass weight.

A review of the literature reveals high phenotypic and genetic correlations between
carcass weight and growth traits. Marshall (1994), respectively, reported genetic and
phenotypic correlations of 0.82 and 0.62 for carcass weight and weaning weight, along
with 0.93 and 0.72 for carcass weight and yearling weight. Wilson et al. (1993), after
analyzing 10,733 Angus field records, discovered a genetic correlation of 0.47 and a
phenotypic correlation of 0.43 between carcass weight and longissimus muscle area (Table
3; Table 6). However, Wilson et al. (1993) found respective lower genetic correlations of
0.38 and -0.06, respectively, for carcass weight to 12th rib fat thickness and carcass
weight to marbling. These references indicate that selection for increased carcass weight
will result in faster growing, heavier muscled cattle that are fatter and have lower marbling
scores.

Benyshek (1981) reported that carcass weight constant heritability values for
carcass traits were lower than when both live weight and age were held constant. He

additionally indicated that once carcass traits were adjusted for age, additional adjustment
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for carcass weight had little effect on heritability. Age, carcass weight, and finish
adjustments remove the effects of size (scale), growth, and maturity, respectively.
Therefore, traits adjusted for these different end points are biologically different (Koots et

al., 1994a).

2.2.7 Longissimus Muscle Area

The longissimus muscle area is a measurement of the area of the longissimus dorsi
muscle measured between the 12th and 13th rib. The longissimus muscle area is used as
an indicator of total muscle because it is easy to measure and is one of the more valuable
cuts of meat from the carcass. Previously reported heritability values on an age constant
basis for longissimus muscle area include 0.41, 0.40, 0.56, and 0.46, from Cundiff et al.
(1971), Benyshek (1981), Koch et al. (1982), and Amnold et al. (1991), respectively (Table
1). Van Vleck et al. (1992) utilized records on 1350 cattle from the U.S. Meat Animal
Research Center’s Germ Plasm Evaluation program and analyzed the data with a single
trait animal model that accounted for slaughter age to report a longissimus muscle area
heritability of 0.60. Additional age constant heritability values include 0.51, 0.32, 0.37
(Veseth et al.,, 1993; Wilson et al., 1993; Marshall, 1994). In 1994a, Koots et al.
summarized 16 references and found a mean age constant heritability value of 0.43 with a
standard deviation of 0.21. Additionally, Koots et al. (1994a) located 15 references which
had a mean carcass weight constant heritability value of 0.41 with a standard deviation of
0.15. Other cited carcass weight constant heritability values for longissimus muscle area

include 0.40 (Brackelsberg et al., 1971), and 0.32 (Cundiff et al., 1971). Brackelsberg et



21

al. (1971) used a single trait sire model that adjusted for carcass weight on Angus and
Hereford records that spanned a four year period to analyze their data.

Koots et al. (1994b) reported mean genetic correlations of 0.40 for longissimus
muscle area to weaning weight and 0.38 for longissimus muscle area and end of test
weight. Koch et al. (1982) published a genetic correlation of -0.14 for longissimus muscle
area to marbling score, while also showing a genetic correlation for longissimus muscle
area to 12th rib fat thickness of -0.44. Higher cutability, faster growing, lower marbled

cattle should result when selection for improved longissimus muscle area occurs.

2.2.8 Marbling

Marbling scores indicate the relative amount of intramuscular fat located within the
longissimus dorsi. The literature reviewed had marbling scores associated with numerical
values, with the greatest amount of marbling corresponding to the highest numeric value.
A review of the literature revealed heritability estimates on an age constant basis of 0.31,
0.47, 0.40, 0.35, and 0.45 (Cundiff et al., 1971; Benyshek, 1981; Koch et al., 1982;
Amold et al., 1991; and Van Vleck et al., 1992). Barkhouse (1993) obtained records on
1432 cattle of varying breed groups from the U.S. Meat Animal Research Center’s Germ
Plasm project and analyzed the data with a multiple trait sire model and restricted
maximum likelihood with an age at slaughter covariate to yield a heritability estimate of
0.40. Additional age constant estimates include 0.23, 0.31, 0.26, and 0.35 from
Woodward et al. (1992), Veseth et al. (1993), Wilson et al. (1993), and Marshall (1994),

respectively (Table 1). A mean age constant heritability estimate of 0.37 was observed
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from 12 estimates from Koots et al. (1994a) that had a standard deviation of 0.18. Also,
heritability estimates on a carcass weight constant basis include 0.73 (Brackelsberg et al.,
1971), 0.33 (Cundiff et al., 1971), and 0.28 (Veseth et al., 1993). With a carcass weight
constant, Koots et al. (1994a) detected four references which had a mean heritability value
of 0.37 with a standard deviation of 0.03. These medium and high heritability estimates
show improvement in marbling scores can be achieved through selection.

A review of the literature (Amold et al., 1991, Woodward et al., 1992; and
Marshall, 1994) exhibits relatively low genetic and phenotypic correlations between
marbling and growth traits. Nevertheless, Marshall (1994) shows a mean genetic
correlation of 0.37 between marbling score and 12th rib fat thickness from four estimates,
while five papers reviewed by Koots et al. (1994b) indicated a mean genetic correlation
between marbling score and cutability of -0.54. Therefore, selection for improved
marbling will result in little change in growth traits, but correlated responses would
indicate an increase in 12th rib fat thickness with decreasing longissimus muscle area and

cutability.

2.2.9 Twelfth Rib Fat Thickness

Fat thickness measured between the 12th and 13th rib, % of the lateral length of
the longissimus muscle measured perpendicular from the split chine bone, gives an
estimate of the amount of external fat that the carcass possesses. Due to the economic
inefficiencies associated with fat accretion, its importance in selection programs is of

concern. Cundiff et al. (1971), Benyshek (1981), Koch et al. (1982), and Arnold et al.
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(1991), reported age constant heritability estimates of 0.50, 0.52, 0.41, and 0.49,
respectively (Table 1). Likewise, age constant heritability estimates of 0.26 (Wilson et al.,
1993), and 0.44 (Marshall, 1994) were determined, while Koots et al. (1994a) reported 26
estimates which had a mean of 0.43 and a standard deviation of 0.18 on an age constant
basis. Other references in the literature on a carcass weight constant basis include 0.43
(Brackelsberg et al.,, 1971), and 0.53 (Cundiff et al., 1971). Fifteen references cited by
Koots et al. (1994a) yielded a mean carcass weight constant heritability value for 12th rib
fat thickness of 0.44 with a standard deviation of 0.15. These predominantly high
heritability estimates suggest rapid changes in 12th rib fat thickness in beef cattle can be
made.

Koots et al. (1994b) reported 10 genetic correlation estimates between 12th rib fat
thickness and weaning weight that had a mean of 0.07, along with four genetic
correlations between 12th rib fat thickness and end of test weight with a mean of 0.02.
Additionally, Wilson et al. (1993) indicated a genetic correlation between 12th rib fat
thickness and carcass weight of 0.38, while Koch et al. (1982) reported a genetic
correlation of 0.16 between 12th rib fat thickness and marbling along with a genetic
correlation of -0.44 between 12th rib fat thickness and longissimus muscle area. The
genetic correlations reported in Table 2 indicate selection against 12th rib fat thickness
will increase longissimus muscle area and cutability but decrease growth and marbling

scores.
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2.2.10 Carcass Grade

The Canadian Meat Council’s carcass grades are composed of two factors, meat
quality and carcass meat yield. Quality factors are composed of 12th rib fat thickness,
marbling, fat and meat color, maturity, meat firmness, adequate muscle thickness, pizzle
eye size, and crest development (an increase in the mass of various neck muscles).
Carcass meat yield is predicted from 12th rib fat thickness and longissimus muscle area
measurements (Jones, 1993). Young carcasses are broken down into two categories, A or
B. If a carcass has at least Traces marbling, at least 4 mm of 12th rib fat thickness, good
muscling, bright red meat color, and white fat, then it qualifies for the A grade. The A
grade then is broken down due to different carcass yield percentages that follow: Al
259% carcass yield (4-10 mm 12th rib fat thickness); A2 is from 54-58% carcass yield
(10-15 mm 12th rib fat thickness); and A3 is <53% (>15 mm 12th rib fat thickness). A
carcass that has less than 4 mm of 12th rib fat thickness or less than Traces marbling
receives a B1 grade, while carcasses that have yellow fat, poor (light) muscling, or dark
colored meat will receive a B2, B3, or B4 carcass grade, respectively. A review of the
literature yielded no heritability estimates or correlation values for carcass grade under the

Canadian grading system.

2.2.11 Cutability
Percent cutability is an estimate of the lean primal cuts from the carcass. Hot

carcass weight, longissimus muscle area, and 12th rib fat thickness are the measurements
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which compromise cutability. The formula for percent cutability from the Lacombe

Research Station is as follows:

percent cutability = 53 - 7 (12th rib fat thickness) + 0.7 (longissimus muscle area).

Cundiff et al. (1971), Benyshek (1981), Woodward et al. (1992), and Marshall (1994)
reported respective age constant heritability estimates of 0.28, 0.49, 0.18, and 0.36 (Table
1). Koots et al. (1994a) summarized 12 age constant heritability estimates to have a
mean and standard deviation of 0.41 and 0.14, respectively. These estimates indicate that
moderate to high genetic progress can be made if selection is for cutability.

In the literature, there appears to be low genetic correlations between cutability
and growth traits (Table 4) (Woodward et al., 1992; Marshall, 1994; Koots et al., 1994b).
Koots et al. (1994b) reported a mean genetic correlation of 0.12 between cutability and
carcass weight from three literature references, while Marshall (1994) averaged two
literature references and indicated a negative genetic correlation for this same trait
combination of  -0.11. Additionally, Koots et al. (1994b) described a mean genetic
correlation of 0.26 between longissimus muscle area and cutability, and -0.33 between
12th rib fat thickness and cutability. Incidentally, Koots et al. (1994b) reported a negative

mean genetic correlation of -0.54 from five sources between cutability and marbling score.
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2.3 Parameter Estimation

2.3.1 Model Specification
The evolution of sire evaluation yields a dependency upon certain criteria
(Henderson, 1973, 1974):
1. The predictor has the same expectation as the unknown variable that is to
be predicted.
2. Minimization of the variance of the error of prediction in the class of linear
unbiased predictors.
3. Maximization of the correlation between the predictor and the predictand
in the class of linear unbiased predictors.
4, When the distribution is multinomial normal:
a. yields the maximum likelihood and the best linear unbiased
estimator of the conditional mean of the predictand.
b. in the class of linear, unbiased predictors, maximizes the
probability of a correct pairwise ranking.
The Best Linear Unbiased Prediction (BLUP) developed by Henderson (1953) follows
these criterion. However, Henderson (1975) recognized possible errors from model
misspecification with BLUP. Ignoring relevant fixed effects yielded biased estimators.
Also, the inclusion of irrelevant factors increased the sampling variance, while if random
factors were excluded, even if relevant, the estimator and predictor would remain unbiased
even though an increase in the sampling variance results.
Pollak and Quaas (1980) make several points comparing an “animal model” to a
sire model. The equation for a record contains a term for the breeding value of the animal
making the record. This allows for the possibility that sires and(or) dams may have

records. It also means that evaluations will be obtained for animals that are not sires (or

dams). A less desirable consequence is that the number of random elements to be
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predicted, at least one for each record, becomes exceedingly large. Other basic discussion
of these two types of models include that in a sire model, the animal vector contains only
the additive genetic effects from the male parents. One basic concept of a sire model is
that the sires are randomly bred to dams and that the dams have only one progeny. The
use of an animal model removes the potential bias from these assumptions as it models all
animals in the population, including those without records, and connects the animals
through the additive genetic relationship matrix.
The basic form of mixed linear models with one random factor is as follows:
y=Xb+2Zu+e

where: y is an N x1 vector of observations,

b is a p x 1 vector of fixed effects associated with p,

u is a q x 1 vector of random effects associated with y,

X is a known incidence matrix of order N x p that relates elements of b to

elements of y,
Z is a known incidence matrix of order N x q that relates elements of u to
elements of y, and

e is an N x 1 vector of residual effects.
Additional attributes of the general form of mixed linear models include the expectations
of the random variable which include:

E(y) = Xb,
E(u) =0, and

E(e)=0.
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The (co)variance structure is:

y ZGZ'+R ZG R
Varlu |= GZ'’ G 0.
e R 0 R

2.3.2 Single and Multiple Trait Mixed Model Methodology

The single trait mixed model equations described by Henderson’s (1953) BLUP
methodology assume that all correlations between traits are zero. An extension of
Henderson’s BLUP is accomplished through multiple trait analysis that improves the
accuracy of genetic evaluation, especially of traits that have been selected upon or are
lowly heritable. In animal breeding, most populations have been selected upon, and
generally for more than one trait. An example of sequential selection occurs when
observations for one trait are used to cull animals, and the selected group is then measured
for subsequent traits. Single trait mixed model evaluations would therefore be potentially
biased by selection for the first trait.

Multiple trait analysis eliminates the bias due to sequential selection and also
selection on correlated traits (Pollak et al., 1984, Walter and Mao, 1983). Also,
depending upon the genetic and error correlations used, a reduction in prediction error
variance and therefore an increase in accuracy occurs through the use of multiple trait
analysis (Schaeffer, 1984). Additionally, Schaeffer (1984) points out that multiple trait

analysis allows all animals to be evaluated for every trait even without individual
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observations for each trait because of the non-zero genetic and residual covariances
among the traits that are included in the analysis.

An advantage of single trait analysis is that there are less equations to be solved
through the iteration process (Banks, 1986; Nwerume, 1994). Convergence can slow as
the number of traits increases, and the complexity of multiple trait models increases rapidly

past two traits.

2.3.3 (Co)variance Estimation

Due to the computational difficulty of fitting the expectations and reductions for
large data sets, other techniques such as the method of maximum likelihood are preferred.
Hartley and Rao (1967) present a maximum likelihood (ML) method that is applied to the
general mixed model. Patterson and Thompson (1971) published a restricted maximum
likelihood method (REML) of estimating intra-block and inter-block weights in the
analysis of incomplete block designs with block sizes that are not necessarily equal.
Another view of the problem is estimating constants and components of variance from
data arranged in a general two-way classification when the effects of one classification are
regarded as fixed and the effects of the second classification are regarded as random. The
method they described takes the expectations over a conditional distribution with the
treatment effects fixed at their estimated values. Their method consists of maximizing the
likelihood, not of all the data, but of a set of selected error contrasts, using iterative

techniques. Additionally, Harville (1977) describes techniques such for a given statistical
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model, when the estimating 0 parameters, and with an assumed data distribution, the
likelihood function L(0) can be equated. In Harville’s review of ML and REML, he notes
Patterson and Thompson’s computationally feasible REML method takes into account the
loss of degrees of freedom resulting from the estimation of the fixed effects (Cunningham,
1989).

A derivative-free algorithm for use during the restricted maximum likelihood (DF-
REML) variance component estimation was presented by Graser et al. (1987). This
method avoids explicit evaluation of first derivatives and does not require matrix
inversion. As a result, one round of the method involves computing the determinant of the
coefficient matrix of the mixed model equations, which uses a one-dimensional search
involving the variant part of the log likelihood to find the maximum of this function
(Saama, 1992). The derivative-free multivariate REML algorithms are computationally
expensive, especially if the likelihood function contains many parameters to be estimated.
Due to this, other algorithms have been developed which utilize first and second
derivatives of the likelihood function.

A REML algorithm which uses considerably less computer time, but gives almost
identical parameter estimates as DF-REML, is named AI-REML (Madsen et al., 1994).
AI-REML uses the average of the observed and expected information as the information
matrix. The matrix of second derivatives is called the observed information matrix.
Expectations of this matrix is the Fisher information matrix. REML algorithms which
utilize observed or expected information will lead to either the Newton-Raphson or the

Fisher-scoring algorithm, respectively. The terms that are involved in computing either
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respective information matrix are computationally difficult. Johnson and Thompson
(1995) showed the average of the observed and expected information matrix was
considerably easier to compute than either the observed or expected information matrix
due to the cancellation of terms. Therefore, a compromise between the Newton-Raphson

and the Fisher-scoring algorithms is AI-REML (Madsen et al., 1994).

2.3.4 Genetic Parameter Estimation

2.3.4.1 Heritability Estimators

Falconer (1960) indicates that the variation of a record can be reduced into three
categories: additive variance, dominance variance, interaction (epistatic) variance.
Additive variance is the variance of breeding values or the variance that can be passed on
to offspring. Dominance variance is variation of a record that is due to dominant alleles,
or genes that are more “robust” during segregation. Interaction variance is variance due to
genes that interact during segregation and expression. An example of an interaction can
be from additive by dominance effects. Generally, the effects of dominance variation and
interaction variation are considered to be low and are not as readily assessed through
observations made on the population, so in practice, the most important partition is due to
additive variation. Falconer (1960) noted that the single most important function of the
heritability in the genetic study of metric characters is its predictive role, expressing the

reliability of the phenotypic value as a guide to the breeding value. Phenotypic values of
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individuals can be directly measured, but it is the breeding value that most often
determines their influence on the next generation. Therefore if the breeder or
experimenter chooses individuals to be parents according to their phenotypic values, his
success in changing the characteristics of the population can be predicted only from a
knowledge of the degree of correspondence between phenotypic values and breeding
values. This degree of correspondence is measured by the heritability.

Falconer (1960) states that the half-sib correlation and the regression of offspring
on father is a reliable heritability estimate for attempting to reduce sampling error and also
environmental sources of covariance that cannot be statistically overcome. The formula

for heritability estimates for trait i from paternal half-sibs is as follows:

2
~y 40?

= Fire7
O",+0'.l

where: I;,z is estimated heritability,

o’ is the estimated sire variance component,

SN

0‘_2

. is the estimated error variance component.
The denominator is the phenotypic variance adjusted for fixed effects which were

included in the model.

3.3.4.2 Correlation Estimators
Falconer (1960) described the pleiotropic action of genes, which is the property of

a gene to affect two or more characters when segregating, to cause simultaneous variation
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in two or more traits. The correlation of breeding values is the genetic correlation, while
the environmental correlation is the correlation of environmental deviations together with
non-additive genetic deviations. A correlation is the ratio of the appropriate covariance to
the product of the two standard deviations. The genetic correlation between two traits
can be affected by selection if selection has been placed on the parents; and as the genetic
correlation increases, the bias increases in a likewise direction of the estimated correlation

with intense selection (Van Vleck, 1968).



3. MATERIALS AND METHODS

3.1 Description of the Data and Data Edits

Data for this project were provided by the Canadian Charolais Association’s
Conception to Consumer Program. The Conception to Consumer Program is a sire
evaluation program which gives members of the Canadian Charolais Association an
opportunity to sponsor bulls to be evaluated through a progeny test for growth and
carcass characteristics. The program was initiated in 1968.

Annually, bulls are nominated by the producers for the program and are randomly
bred to mature cows in cooperator herds located in Alberta, British Columbia, or
Saskatchewan. The breed makeup of the cowherds consisted of varying breeds and breed
combinations and were intended to be representative of 90% of the Canadian national beef
herd. No virgin heifers were used as dams in the program. Birth weight records were
collected by the cooperator herd operators, while the weaning weights were collected
under the supervision of the Canadian Charolais Association.

In the fall (late October or early November), calves were weaned at an average age
of 215 days and transported to the Cattleland Feedlot, Strathmore, Alberta. At the
feedlot, cattle were managed under typical commercial practices and were under the
supervision of the Canadian Charolais Association. Upon arrival at the feedlot, cattle
were processed (given typical medication and induction treatments), sorted by sex and

weight, and then were fed an adaptation ration for an average of 48 days. Following the

34
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adaptation period, the steers and heifers were placed on a bulk cereal-silage based diet for
an average of 115 days until the end of test date. Following the end of test, cattle
remained on the same ration until they were visually appraised to have reached the Al or
A2 carcass grade, at which time they were slaughtered. On average, the cattle were
slaughtered 41 days after they came off test. The carcass grades are from the Canadian
Meat Council and correspond to the respective twelfth rib backfat thickness of 4-10 and
10-15 mm for the A1 and A2 carcass grades.

After being delivered to the packing plant, all calves were slaughtered and “blue
tagged,” utilizing the program provided by Agriculture Canada. The meat graders collect
the carcass information, which included hot carcass weight, 12th rib backfat thickness,
longissimus muscle area, marbling score, and carcass grade. The backfat thickness was
measured in tenths of inches, between the 12th and 13th rib, % of the lateral length of the
longissimus muscle measured from the split chine bone. The longissimus muscle area
measurement was taken in square inches and measured to the nearest tenth. Marbling
scores were also taken at the 12th and 13th rib section, and were classified using a nine
point scale with a lower numeric number equating to more marbling. The numeric scores
were: 1 = very abundant; 2 = abundant; 3 = moderately abundant; 4 = slightly abundant; 5
= moderate; 6 = modest; 7 = small; 8 = slight; and 9 = traces. The carcass meat quality
and meat yield attributes were evaluated to place the carcass into one of seven carcass
grades: Al, A2, A3, A4, Bl, B2, and B3. These carcass grades were then associated
with a numeric value to make the analysis possible. The association is: Al = 1; A2 = 2;

A3 =3; Ad=4;B1=5;B2 =6, B3 =7. Percent cutability was estimated as the percent
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of lean primal cuts. The lean primal cuts included closely trimmed boneless chuck, rib,
loin, and round cuts. The formula for percent cutability from the Lacombe Research
Station is as follows:

Percent cutability = 53 - 7 (12th rib backfat thickness)

+ 0.7 (longissimus muscle area)

Contemporary groups were defined as animals in the same calving year, breeder
herd, sex of calf, breed of dam group, and weaning group. The breed of dam was a visual
appraisal given by the cooperating herd operator and is consistent only within herds.

The data set initially contained 5497 records from 1975 through 1993, but was
edited to remove single record contemporary groups, gross recording errors, and all twin
records (Table 8). There were 9 single record contemporary groups, 2 gross recording
errors (>7 standard deviations away from the trait mean), and 85 twin records. No
reference sires were used during the first 3 years of the program, but all 172 sires included
in the program were connected through the use of pedigree additive relationship
information on the sires (Henderson, 1974).

After edits, the resulting data set contained 5401 records which contained 368
contemporary groups, ranging in size from 2 to 141 calves. Fifty-three percent of the
5401 records were from steers. Forty-seven percent of the records were from heifers.
Table 9 indicates the reduction in records by sex at different dates that traits were

measured. Of the heifer records, there was a decrease in the number of records from
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Table 8. Data editing criteria and number of records deleted.

Editing Criteria Number of Records Deleted
Twin Records 85
Single Record Contemporary Groups 9
Gross Recording Errors 2

Total Records Edited 96
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Table 9. Decrease of volume of records by sex.

Trait Date Male Female
Calving Year 2881 2520
Weaning Date 2660 2360
Start of Test Date 2383 1161

Slaughter Date 2162 1022
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weaning (2360 records) to the start of the test period (1161 records). The loss of 1199
heifer records was a 50.8 percent decrease that indicates that selection occurred upon the
heifer population from the date these two traits were measured.

The traits in the analysis include: birth weight (BW); 200 day age adjusted
weaning weight (WW); 365 day age adjusted yearling weight (YW); post-weaning
average daily gain on test (ADG); end of test period weight (EOTWT); hot carcass weight
(CARCWT); marbling score (MARB), longissimus muscle area (LMA); 12th rib fat

thickness (FAT); carcass grade (CARCGR); and cutability (CUT).

3.2 Estimation of Genetic Parameters
Following the edits for single record contemporary groups, gross recording errors,
and all twin records, the number of records, means, and standard deviations were

calculated and are presented in Table 10.

3.2.1 Model 1: Single Trait Mixed Model

Initial variance component estimates were estimated through the use of the PROC
VARCOMP procedure from SAS Institute (1990). In the initial analysis, a simple model
was used due to computational limitations. The model equated the dependent variable to
contemporary group effect and a random sire effect. No sire relationship information was

included. The model used included:

yi=Xb,+Zu, +e;
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where:

i = 1,2, 3,... 11 which corresponds to birth weight, adjusted weaning weight,
adjusted yearling weight, post-weaning average daily gain, end of test
weight, carcass weight, marbling score, longissimus muscle area, 12th rib
fat thickness, carcass grade, and cutability,

y: is an observation vector of the i trait,

b; is vector of the fixed effect for contemporary group for the i* trait,

u; is a vector of random genetic sire effects for i® trait,

X is an incidence vector associating fixed effects with the corresponding
records in y,

Z; is an incidence vector associating random sire genetic effects with the
corresponding records in y, and

e; is the random error effect for y.

The expectations for the model include:

E[y] = Xb
E[O’zs] = 1’10'2,\
E[e]=0.

where o, is defined as the additive genetic variation. The variance-covariance matrix
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associated with the random effects in the model is:

CHEF

where:
G,= [aé‘]

R = [ai‘]

and where o2 is the variance associated with the sire effect, ando} is the residual

variance.

3.2.2 Model 2: Single Trait Mixed Model

Once the initial variance components were estimated using the simple model, a
more complex single trait model was run using the multiple trait, average-information
restricted maximum likelihood algorithm (AI-REML) of DMU (DMU-AI) (Jensen and
Madsen, 1993) on a IBM RISC System 6000 computer. The prior variance estimates for

Model 2 were taken from the VARCOMP procedure results. The models used included:

yi=Xp +Zu +e
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Table 10. Number of records after edits, means, and standard deviations.

Trait Number of records Mean Standard Deviation
Birth Weight 5223 42.24 kg 6.44 kg
Adjusted Weaning Weight 4801 247.78 kg 35.24 kg
Adjusted Yearling Weight 3330 466.19 kg 56.24 kg
Post-weaning Average Daily Gain 3330 1.47 kg/day 0.025 kg/day
End Of Test Weight 3441 482.07 kg 53.03 kg
Carcass Weight 3176 308.16 kg 33.50 kg
Marbling Score 3184 6.93 units 0.75 units
Longissimus Muscle Area 3145 81.61 cm? 9.81 cm®
12th Rib Fat Thickness 3143 0.889 cm 0.305cm
Carcass Grade 3166 1.32 units 0.57 units

Cutability 3143 58.94 % 1.48 %
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where:

i = 1,2, 3,.. ., 11 which corresponds to birth weight, weaning weight, yearling
weight, post-weaning average daily gain, end of test weight, carcass
weight, marbling score, longissimus muscle area, 12th rib fat thickness,
carcass grade, and cutability,

y; is an observation vector of the i trait,

B, is matrix of the fixed effects for i® trait,

u; is a vector of random genetic sire effects for i® trait,

X; is an incidence matrix associating fixed effects with the corresponding
records in y,

Z; is an incidence matrix associating random sire genetic effects with the
corresponding records in y, and

e; is the random error effect for y.

The expectations for the model include:
E[y] =Xb
E[o%] = %0’
E[e]=0.

where o7, is defined as the additive genetic variation. The variance-covariance matrix



associated with the random effects in the model is:

where:

and where o is the variance associated with the sire effect, ando} is the residual
variance. Also, G=G,® A4, and R=R,®1, as A is the numerator of the additive
genetic relationship matrix among the 172 sires with ® denoting the direct product

operator.

With these results, the mixed-model equations are:
XR'X XR'Z Bl XR'y
ZR'Z ZR'Z+G'|u| |ZRy

where: G =G,;"®A",and R”" =R;"®1. The A™ elements were established using

methods described by Henderson (1976) and Quaas (1976).
The fixed effects in the model included 1 contemporary group and also one

covariate, which was age at slaughter. Age at slaughter was included as a covariate in the
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model for carcass weight, marbling score, longissimus muscle area, 12th rib fat thickness,
carcass grade, and cutability because the cattle were slaughtered at different ages to
achieve a visual Al or A2 carcass grade, and also to study differences in the carcass traits
on a growth rate constant basis (Benyshek, 1981).

The algorithm used in the analysis is as follows (Johnson and Thompson, 1995;

Madsen et al., 1994):

’

1,(6)=F'PF=FR"-(C"'WF)WR'F

where:
1,(6) = average information matrix,

F = a matrix with the dimension of (number of observations by number of

&V
Py,
(s}

elements in ), with the j* column f; equal to the vector

P=v'-vix(xvix) xv,

R

residual (co)variance matrix,

C’ = inverse of the coefficient matrix of the mixed model equations,
W = total (fixed and random effects) design matrix,

V = variance matrix of y = ZGZ’+R,

X = design matrix corresponding to the fixed effects,

y = vector of observations,

G = variance of u,



6 = scalar variance component,
Z = design matrix corresponding to the random effects.

Therefore, for a column in F corresponding to an element in G, , in such that G, is a

pi X pi (co)variance matrix of the traits in the i* random effect, Madsen et al. (1994)
indicate:
v _ o
f(o,.“,,,) - [—ae :'Py =Z, [(Dj‘Go‘l)® I]u,,
i{j.k}
where: Dy is a symmetric p; x p;indicator matrix containing ones in positions

corresponding to the j,k* parameter in G, and zeros elsewhere,

6 | is the corresponding element in 6, and

i{jk

i is the vector of all solutions for the i random effect.

To estimate the columns in F that correspond to the parameters in R, the algorithm is:

HOaim)= [%M]Py = Ry R (y - Xb - Zi).

The convergence criterion used in all analyses was set at a level where the (co)variances
changed less than1x 10~ standard deviation units per round of iteration. After the initial
run of the model reached convergence, the (co)variance components were used as starting
values in a subsequent cold restart. After all restart runs were completed, the respective
(co)variance results were averaged and the mean estimates and standard deviations were
reported. Heritabilities and genetic, phenotypic, and environmental correlations were
estimated from the paternal half-sib variances and covariances from the five trait analyses.

Heritability (the proportion of the phenotypic variance which is explained by the additive
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genetic variance) was estimated from intraclass correlations of paternal half-sibs (Falconer,
1960):

h* =40’ /02,

where ai, =0’ +0?. Dickerson (1958) noted that this estimate of heritability may be

upwardly biased due to epistatic effects, such as any genotype by environment

interactions.

3.2.3 Model 3: Five Trait Mixed Model

A third analysis was conducted using the results from the second analysis with
single trait procedures as prior variance component values. In the third analysis, a five
trait mixed model was employed in which adjusted weaning weight (WW) was included in
each 5 trait combination. This model was used to explore the hypothesis of selection bias
in estimation of genetic parameters due to the relative increase in the loss of female post-

weaning records (Henderson and Quaas, 1976; Pollak and Quaas, 1980). The model used



48

in this analysis is as follows:
Yow| [Xow 0 0 0 0 7b,,]
). 0 X, 0 0 o0 |b
Y. |=|0 o Xx. 0 o |b
y. 0 o0 o0 X. 0 |b.
y' 0 o0 o o X.|b- |
(Zyw 0 0 0 0 Juy,| [eww]
0 Z, 0 0 0 |u e
+H0 0 Z. 0 0 |u. |+|e
0 0 0 2Z. 0 |u. e
0 0 0 0 Z.|u. | |- |
where:

i = trait 2, 3, 4, or 5, in addition to i=i'#i #i" #weaning weight, all trait
combinations were computed so as to fill a correlation matrix, while
still having weaning weight remain in every multivariate model,

y is an observation vector of i, and weaning weight,

b is a vector of the fixed effects for #, and weaning weight, the fixed effects
in the model included p contemporary group and also one
covariate, which was age at slaughter. Age at slaughter was
included as a covariate in the model for carcass weight, marbling
score, longissimus muscle area, 12th rib fat thickness, carcass

grade, and cutability
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u is a vector of random genetic sire effects for i, and weaning weight,

X is an incidence matrix associating fixed effects with the corresponding
records in y,

Z is an incidence matrix associating random sire genetic effects with the
corresponding records in y, and,

e is the random error effect for i, and weaning weight.

The expectations for the model include:

Ely]=Xb
E[o%] = %0’
E[le]=0
where o, is defined as the additive genetic variation. The variance-covariance matrix

associated with the random effects in the model is:

SHEAM
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where:

-, -
O G Owws, Owwgc, Owwc. Owwg.-
2
Og, 966, 966. 9ggo-
2
G,= Og, 06, GG
2
Og, O66,.
. 2
Symetric o,
-, -
O Ryw ORuwk; O Ry, O RywRe O Rywh
2
O, Orr.  ORR. ORg-
_ 2
R, = Or, OrR. ORR,.
2
OR. OR.R-
Symetric Ox

and where ol are variances associated with the sire effects, ando? are residual
variances. In addition, o, are covariances associated with sire effects, and o, are
covariances analogous to the dependent traits analyzed. Also, G=G,® A4, and

R=R,®1, as A is the numerator of the additive genetic relationship matrix among the

172 sires with ® denoting the direct product operator.

With these results, the mixed-model equations are:
XR'X XR'Z |B| [XR'y
ZR'Z ZR'Z+G'|u]| |ZR'y

where: G =G;'®A",and R =R’ Q1.



and Quaas (1976).

(Newton-Fisher REML Estimation) utilizing the multivariate mixed model package DMU

(Jensen and Madsen, 1993). The algorithm used in the analysis is as follows (Johnson and
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The A" elements were established using methods described by Henderson (1976)

Thompson, 1995; Madsen et al., 1994):

where:

’

1,(0)=FPF=FR"'-(C"WF) WR'F

L1,(6) = average information matrix,

F = a matrix with the dimension of (number of observations by number of

V
Py,
)

elements in @), with the j* column f; equal to the vector

P=v'-vix(xv'x) xv,

R = residual (co)variance matrix,

C' = inverse of the coefficient matrix of the mixed model equations,
W = total (fixed and random effects) design matrix,

V = variance matrix of y = ZGZ’+R,

X = design matrix corresponding to the fixed effects,

¥y = vector of observations,

G = variance of u,

The (co)variance components were estimated using AI-REML
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6 = scalar variance component,

Z = design matrix corresponding to the random effects.
Therefore, for a column in F corresponding to an element in G, , in such that G, is a
pi X pi (co)variance matrix of the traits in the /* random effect, Madsen et al. (1994)

indicate:

HBusm)= [;V Jﬂ = z,.[(p,,c,;‘)@ 1].:,.

i{j.k}
where: Dy is a symmetric p; x p; indicator matrix containing ones in positions

corresponding to the j,k* parameter in G, and zeros elsewhere,

6;(;4; is the corresponding element in 6, and

i{jk
i, is the vector of all solutions for the i* random effect.

To estimate the columns in F that correspond to the parameters in R, the algorithm is:

CAME [WL}PJ’ = R, R"(y- Xb- Za).

R{jk}

The convergence criterion used in all analyses was set at a level where the (co)variances
changed less than1x 10~ standard deviation units per round of iteration. After the initial
run of the model reached convergence, the (co)variance components were used as starting
values in a subsequent cold restart. After all restart runs were completed, the respective
(co)variance results were averaged and the mean estimates and standard deviations were
reported. Heritabilities and genetic, phenotypic, and environmental correlations were

estimated from the paternal half-sib variances and covariances from the five trait analyses.
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Heritability (the proportion of the phenotypic variance which is explained by the additive
genetic variance) was estimated from intraclass correlations of paternal half-sibs (Falconer,
1960):

h’ =40’ /02,

where o =02 +0. Dickerson (1958) noted that this estimate of heritability may be

upwardly biased due to epistatic effects, such as any genotype by environment
interactions.

The formula used for genetic correlation of trait i and i’ is (Falconer, 1960):

_ 2 2
r,=0gq /! ,/aqaq, :

The formula for environmental correlation of trait i and i’ is defined as (Falconer,

1960):

_ 2 2
r,=0gk /"ama&, .

The phenotypic correlation formula for trait i and i’ is (Falconer, 1960):

_ 2 2 _ 2 2 2 2
r,=Opp /,/a},‘o,,’ =066, * Ok, /J(O’G‘ +°&X°Gr +0'Er).
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An approximate method to estimate the variance of the intraclass correlation (7)

from half sibs was used (Swiger et al., 1964). The paternal half-sib correlation is

t =02 /0% . The variance of f for a simple one-way classification model is:

V(t) = 2(n~1)(1 - £)*[1+ (k - )¢} / [k (n~B)(B - 1)]

where:
n. = total number of animals,
B = number of sires,
k=[n—(Zn’)/n.]/(B-1) and,

n; = number of progeny of sire i.

Therefore, the variance of heritability is:
V(h*)=V () /a} =16/(1)
where, a;; = 1/4, the additive relationship of paternal half sibs.
The subsequent approximate standard errors are expected to underestimate the

actual standard errors (Swiger et al., 1964).

3.2.4 Model 4: Four Trait Mixed Model
A fourth analysis was run to investigate the variation in marbling score,

longissimus muscle area, and 12th rib fat thickness while holding carcass weight constant
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to observe differences in marbling score, longissimus muscle area and 12th rib fat
thickness proportions of the carcass (Cundiff et al., 1971). In the fourth analysis, a four
trait mixed model was used in which weaning weight was included. This model was used
to explore the hypothesis of selection bias in estimation of genetic parameters due to the
relative increase in the loss of female post-weaning records (Henderson and Quaas, 1976,

Pollak and Quaas, 1980). The model used in this analysis is as follows:

Vow Xpw 0 0 0 byy
Yeuars | _ 0 Xuws 0 0 b.iurs
Ycrua o 0 X 0 L
Ycrar 0 0 0 Xear | brar
(Z,y 0 0 0 [P
. 0 Zyws 0 0 My 4r5
0 0 Z,, 0 U
0 0 0 Zesr | Mrar
e
+ €)ars
€L
| €Far

where:
y is an observation vector of adjusted weaning weight (WW), marbling
score (CMARB), longissimus muscle area (CLMA), and 12th rib

fat thickness (CFAT),
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b is a vector of the fixed effects for weaning weight, marbling score,
longissimus muscle area, and 12th rib fat thickness, the fixed effects
in the model included p contemporary group and also one
covariate, which was carcass weight,

u is a vector of random genetic sire effects for weaning weight, marbling
score, longissimus muscle area, and 12th rib fat thickness,

X is an incidence matrix associating the fixed effects 1 contemporary group
and the carcass weight covariate with the corresponding records in
y,

Z is an incidence matrix associating random sire genetic effects with the
corresponding records in y, and,

e is the random error effect for weaning weight, marbling score,

longissimus muscle area, and 12th rib fat thickness.

The expectations for the model include:

E[y] = Xb
E[0%] = %0A
E[le]=0

where 0%, is defined as the additive genetic variation. The variance-covariance matrix
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associated with the random effects in the model is:

where:

o'é,, Owws, Owwc, Owwo. O9wwgo.
0'3;, 066, ©966. 9qc-
G, = o g;, %66, 9.
0'2;,. O6aG-
| Symetric o5
4 lzz,, ORpyR; O RpwR:  ORpyR- O RpyR-
o% Orr, ORR. ORg.
R, = % Org&  ORR-
Ox. OR-r-
| Symetric Oh

and where o are variances associated with the sire effects, ando are residual
variances. In addition, o, are covariances associated with the sire effects, and o,
are the covariances analogous to the dependent traits analyzed. Also, G =G, ® A, and

R=R,®]1, as A is the numerator of the additive genetic relationship matrix among the

172 sires with ® denoting the direct product operator.
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(Newton-Fisher REML Estimation) utilizing the multivariate mixed model package DMU

(Jensen and Madsen, 1993). The algorithm used in the analysis is as follows (Johnson and
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With these results, the mixed-model equations are:
XR'X XR'Z B| [XR'y
ZR'Z ZR'Z+G'|u]| |ZR'y

G'=G'®A" and R"=R'®I.

The A™' elements were established using methods described by Henderson (1976)

Thompson, 1995; Madsen et al., 1994):

where:

’

1,(6)=FPF=FR"-(C'WF) WR'F

I4(6) = average information matrix,

F = a matrix with the dimension of (number of observations by number of

v
Py,
)

elements in ), with the j column f; equal to the vector

P=Vy -V"x(x'V"x)"x'V-',
R = residual (co)variance matrix,

C' = inverse of the coefficient matrix of the mixed model equations,

The (co)variance components were estimated using AI-REML
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W = total (fixed and random effects) design matrix,

V = variance matrix of y = ZGZ’+R,

X = design matrix corresponding to the fixed effects,
»y = vector of observations,

G = variance of u,

@ = scalar variance component,

Z = design matrix corresponding to the random effects.

Therefore, for a column in F corresponding to an element in G, , in such that G, isa
pi X p; (co)variance matrix of the traits in the /* random effect, Madsen et al. (1994)

indicate:
£(Biym)= [5::_.;}5’ - 2[(p,6;)®1};,

where: Dy is a symmetric p; x p;indicator matrix containing ones in positions

corresponding to the j,k* parameter in G, and zeros elsewhere,
6:(;4; is the corresponding element in 6, and

i@ is the vector of all solutions for the i random effect.

To estimate the columns in F that correspond to the parameters in R, the algorithm is:

o [ et

R{jik}



The convergence criterion used in all analyses was set at a level where the (co)variances
changed less than1x 10~ standard deviation units per round of iteration. After the initial
run of the model reached convergence, the (co)variance components were used as starting
values in a subsequent cold restart. Heritabilities and genetic, phenotypic and
environmental correlations were estimated from the paternal half-sib variances and
covariances from the four trait analyses. Heritability (the proportion of the phenotypic
variance which is explained by the additive genetic variance). was estimated from

intraclass correlations of paternal half-sibs (Falconer, 1960):

h =40’ /03,

where 62 =0} +0?}. Dickerson (1958) noted that this estimate of heritability may be

upwardly biased due to epistatic effects, such as any genotype by environment
interactions.

The formula used for genetic correlation of trait i and i’ is (Falconer, 1960):

The formula for environmental correlation of trait i and i’ is defined as (Falconer,
1960):

_ 2 2
r,=0gg 1\OEOk, .
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The phenotypic correlation formula for trait i and i’ is (Falconer, 1960):

_ 2 2 _ 2 2 2 2
r,=0Cpp /‘/a,‘a,,, =066, tOkk, /‘/(aq +051X001- +GE,»)'

An approximate method to estimate the variance of the intraclass correlation ()

from half sibs was used (Swiger et al, 1964). The paternal half-sib correlation is
t =0? /0o’ . The variance of 7 for a simple one-way classification model is:

V(t) = 2(n-D(A-0)*[1+ (k- )]*}/[k*(n—B)B -1)]
where:

n. = total number of animals,

B = number of sires,
k=[n—-(Zn})/n])/(B-1) and,

n; = number of progeny of sire i.

Therefore the variance of heritability is:
V(h*)=V(t)/al =16V (1)
where, a;; = 1/4, the additive relationship of paternal half sibs.

The subsequent approximate standard errors are expected to underestimate the

actual standard errors (Swiger et al., 1964).



4. RESULTS AND DISCUSSION

4.1 Model 1 Genetic Parameters

The estimates of sire variance, environmental variance, and heritability for birth
weight (BW), adjusted weaning weight (WW), adjusted yearling weight (YW), post-
weaning average daily gain (ADG), end of test weight (EOTWT), carcass weight
(CARCWT), marbling score (MARB), longissimus muscle area (LMA), 12th rib fat
thickness (FAT), carcass grade (CARCGR), and cutability (CUT) from Model 1 are
reported in Table 11. This procedure is not capable of modeling continuous variables, so
covariates were not included in the model. Additionally, no sire relationship information
was included in the Model 1 analysis. With the exception of adjusted yearling weight
heritability, all other traits are below the mean of heritability values listed in Table 1. It
was expected that the estimates of sire variance would be initially low from this single trait
model due to the limitation of the effects modeled, in addition to the biases that occur
from selection on correlated traits to the single trait in the model. However, initial

variance components were obtained.

4.2 Model 2 Genetic Parameters
The results of Model 2 are included in Table 12. Estimates achieved from Model 2

are from single trait mixed models, and therefore could be subject to bias from sequential
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selection and also bias from selection on correlated traits (Pollak et al., 1984; Walter and
Mao, 1983). The heritability values reported in Table 12 are lower than the mean
literature cited estimates listed in Table 1. This model attempted to remove the biases
from omitting genetic relationship information through the additive relationship matrix, in
addition to the effects of slaughtering the cattle at different ages. A comparison of Model
1 and Model 2 indicate that there was an increase in the sire variance and heritabilities of
carcass traits estimated from Model 2. Although there was a decrease in the heritability
estimates for the growth traits, a review of Henderson (1975) suggests that Model 1 could
be biased due to the omission of relevant factors of the model. Additionally, Model 2
showed greater differences in the heritability values for both adjusted yearling weight and
marbling score. Adjusted yearling weight heritability from Model 2 could be lower due to
modeling the covariance associated with the sire additive genetic relationship matrix.
Marbling score might be higher in Model 2 for this same reason, in addition to effects
associated with possible removal of environmental variation from slaughtering cattle at

different ages.

4.3 Model 3 Genetic Parameters

Table 13, Table 14, and Table 15 contain the genetic, environmental, and
phenotypic variance estimates, respectively, from each five trait combination for Model 3.
Table 16 contains the heritability estimates from each five trait combination of Model 3.
Tables 17, 18, and 19 contain the mean, standard deviation, and range of the genetic,

environmental, and phenotypic variances obtained from each five trait analysis of Model 3.
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Table 20 contains the mean of the heritability estimate and the mean of the heritability
estimate’s approximate standard error, in addition to the standard deviation of the
heritability and range for each trait. Inspection of the standard deviations and ranges in
Tables 17, 18, and 19, respectively, indicate the largest deviation of the variance estimates
occurred for adjusted yearling weight and end of test weight. A reason for this is there is
more genetic variation for this trait within the Canadian Charolais population. Also,
greater environmental variation was estimated to exist in these two traits, possibly due to
environmental influences which had more time to oppose existing genetic factors.
Although there was deviation in the variance estimates, no range of the heritability
estimates exceeded the approximate standard errors, which are expected to be

underestimated (Swiger et al., 1964).

4.3.1 Heritability Estimates

Average heritability estimates for the traits analyzed are presented in Table 20.
The heritability for birth weight from this study was 0.22 + 0.078. Other studies have
reported birth weight heritability to be moderate to highly heritable. This value is lower
than the average of 172 estimates by Koots et al. (1994a) of 0.35 for birth weight
heritability. However, it is in close agreement with the value reported by Johnston et al.
(1992) of 0.25 that was attained from the Canadian Charolais Association’s Conception to
Consumer program data, and is higher than the estimate of 0.18 found by Veseth et al. et

al. (1993) on 736 Hereford bulls.



75

The average heritability estimate for WW was 0.11 + 0.079. Previous estimates
cited from the literature indicate that WW is a low to moderately heritable trait. Koots et
al. (1994a) reported an average heritability value of 0.27 from 239 literature sources. The
present study’s heritability value is in agreement with other investigations that have shown
WW heritability values of 0.09, 0.09, and 0.18, respectively (Arnold et al., 1991; Johnston
et al., 1992; Woodward et al., 1992), but is in the low range reported in Table 1.

The heritability value discovered in this analysis for YW was 0.19 + 0.081. Koots
et al. (1994a) after reviewing 154 papers detected YW heritability to be moderately
heritable with a mean value of 0.35. This study’s results, however, are in agreement with
other published results of 0.14, and 0.16, respectively (Amold et al., 1991; Johnston et al.,
1992) and also the 0.25 estimate reported by de Rose (1992) from Charolais data obtained
from the Canadian Beef Sire Evaluation Program.

Koots et al. (1994a) analyzed 24 heritability estimates for ADG and reported a
mean value of 0.24. Other heritability estimates in the literature indicate that ADG is
moderate to highly heritable, with values of 0.13, 0.19, 0.47, and 0.52 (Amold et al,
1991; Johnston et al., 1992; Veseth et al., 1993; Benyshek, 1981). The results of this
analysis indicate a heritability value for ADG of 0.21 + 0.081, which is within the range of
estimates throughout the literature.

The heritability estimate for EOTWT was 0.18 + 0.081. Other cited heritability
estimates for EOTWT in the literature include 0.42, and 0.52 from Veseth et al. (1993)
and Benyshek (1981), respectively. Koots et al. (1994a) analyzed twelve EOTWT

heritability estimates that had a mean value of 0.37. The EOTWT heritability estimates in
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the literature suggest that EOTWT is moderate to highly heritable. Therefore, this study
yielded a heritability value that was low for this trait, which could be due to reduced
variation in the reduced population of sires that possibly were selected for growth traits.

Koots et al. (1994a) reported a mean heritability value of 0.45 from 19 literature
sources for hot carcass weight that were estimated at an age constant slaughter basis.
Additional references for age constant carcass weight include 0.31, 0.38, 0.41, and 0.43
from Wilson et al. (1993), Veseth et al. (1993), Marshall (1994), and Koch et al. (1982),
respectively. This study’s heritability of 0.13 + 0.082, which is below the moderate and
high heritability values indicated throughout the literature. The apparent low heritability
values for the various growth traits, including age constant carcass weight, may be due to
the selected sample of sires used in the Conception to Consumer program, which had a
tendency to be growth bulls. Robertson (1977) reported that if selection on the parents is
based on the trait on which heritability is being measured then the estimates may be biased
downward due to reduced additive genetic variance of the parents.

Heritability values of 0.27 + 0.081 for MARB were estimated from these data.
Koots et al. (1994a) estimated heritability values of 0.37 for age constant marbling score,
with the estimate being the mean of 12 estimates. Other heritability values cited
throughout the literature for MARB include 0.23, 0.26, 0.31, 0.31, and 0.35 (Woodward
et al.,, 1992; Wilson et al., 1993; Cundiff et al., 1971; Veseth et al., 1993; Marshall, 1994),
respectively. The referenced heritability estimates for MARB indicate that the trait is

moderate to highly heritable, and these data show a similar conclusion.
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This study estimated a heritability value of 0.29 + 0.081 for LMA. Other
heritability values for LMA in the literature include 0.32, 0.37, 0.40, and 0.41 from Wilson
et al. (1993), Marshall (1994), Benyshek (1981), and Cundiff et al. (1971), respectively.
Koots et al. (1994a) found 16 LMA estimates to average 0.43. The literature values
suggest that LMA is a moderate to highly heritable trait, which would indicate that the
present study’s LMA estimate is at the low range of cited estimates.

Heritability values reported in the literature for FAT include 0.26, 0.41, 0.44, 0.49,
and 0.52 (Veseth et al., 1993; Koch et al., 1982; Marshall, 1994; Amold et al., 1991; and
Benyshek, 1981), respectively. Koots et al. (1994a) reported 26 literature references for
FAT that had a mean heritability value of 0.43. The current study’s FAT heritability value
of 0.37 + 0.080 indicates that the FAT heritability value fits into the low range of
reported heritability values. The age constant 12th rib fat thickness indicates differences in
the rate of fat deposition, which is affected by the age that an animal reaches physiological
maturity. Carcass weight constant 12th rib fat thickness predicts differences in the volume
of fat thickness, thereby indicating at what size physiological maturity is reached.

The present study yielded a heritability estimate for CARCGR of 0.23 + 0.081.
There were no references detected in the literature for carcass grade under the Canadian
grading system, in part because the carcass grading standards were revamped in 1987, and
also because many of the major component traits for carcass grade have been previously
analyzed.

Koots et al. (1994a) reported 12 heritability estimates for CUT to have a mean

value of 0.41. Additional literature estimates include 0.18, 0.28, 0.36, and 0.49 from
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Woodward et al. (1992), Cundiff et al. (1971), Marshall (1994) and Benyshek (1981),
respectively. These literature estimates indicate a considerable range for heritability
estimates, although they indicate for the most part that CUT is moderate to highly
heritable. The present research resulted in a heritability value of 0.32 + 0.081 for CUT.
This result appears to be well within the range of reported values for CUT.

The deviations associated with the variance estimates, in addition to relatively low
heritability estimates compared to literature values, certainly have positive implications.
The Charolais bulls used in this study were a group selected for high growth, which the
current data indicate variability exists within these growth traits. In a breeding program,
Charolais breeders certainly have more opportunity to select breeding stock at the
extremes of their given traits of interest which will allow for more rapid improvement. If
no variation existed within the population, no progress can be made, as breeding stock
would produce offspring that exhibit the same performance as the parents.

These data suggest that the growth and performance traits of birth weight,
adjusted weaning weight, adjusted yearling weight, post-weaning average daily gain, end
of test weight, and even carcass weight, are low to moderately heritable. Carcass traits
analyzed including marbling score, longissimus muscle area, 12th rib fat thickness, carcass
grade, and cutability were moderately heritable. Higher heritability values allow breeders
to make more accurate decisions when selection occurs using estimates of genetic merit of
livestock. Lower heritability values indicate more progress might be made for a trait

through changes in the animal’s environment.
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Table 21.
Model 3 average genetic and environmental correlations f(ﬂrowth traits *°.

BW WW YW ADG EOTWT

Birth Weight 022 , 040 , 032 ; 0.18 | 0.24

| | | |
____________________________ b
Adjusted Weaning Weight 0.34 5'0.11 5'0.73 :"034 ’:" 0.76
S U— I S S ]
Adjusted Yearling Weight 0221 067  0.19 | 083 | 083
ISR IS SN SN S S
Post-weaning Average Daily Gain | 0.14 : 0.19 ! 0.61 ! 0.21 ! 0.94
_____________________ _‘_____I ____I ____l _____l e
End Of Test Weight 0.34 E_0.64 E'o.ss 5'0.39 1018

| | |

* Average genetic correlations above the diagonal, average environmental correlations
below the diagonal, heritabilities on the diagonal.

® BW = Birth Weight; WW = Adjusted Weaning Weight; YW = Adjusted Yearling
Weight; ADG = Post-weaning Average Daily Gain; EOTWT = End of Test Weight.
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Table 22.
Model 3 average genetic and environmental correlations for carcass traits * "

CARCWT MARB LMA FAT CARCGR CUT
| CarcassWeight | 013__1 019 1 018  0.17 i _ 017 __, 0.01 |
Marbling Score ______ | __ 005 1 027 1016 [-0321 007 _| 034 |
| Longissimus Muscle Area | 053 __ 1+ 011 1 029 1 -0241 -019 1 085 |

12th Rib Fat Thickness 0.06 1 _-0.16 1 -0.18 1 037 1+ 087 1 -0.67 |
[CarcassGrade_______ | 0041 -007 1 -0171 063 1 _ 023 i -060 |
"Cutability 034 | 016 | 082 | -062, -045 | 0.32

* Average genetic correlations above the diagonal, average environmental correlations
below the diagonal, heritabilities on the diagonal.

® CARCWT = Carcass Weight; MARB = Marbling Score; LMA = Longissimus Muscle
Area; FAT = 12th Rib Fat Thickness; CARCGR = Carcass Grade; CUT = Cutability.

¢ Carcass traits were analyzed with an age at slaughter covariate.
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4.3.2 Genetic Correlations

With highly positive genetic correlations between any given traits X and Y, bulls
that excel in trait X are also expected to produce progeny that excel in trait Y. Likewise,
if the genetic correlation is highly negative between traits X and Y, bulls that excel in trait
X are expected to sire offspring that are inferior for trait Y, respectively. Therefore,
genetic correlations provide an indication of response due to selection to producers when
heritability values are similar and selection intensity is held constant. The average genetic
correlations among growth traits, among carcass traits, and among growth and carcass
traits are included in Tables 21, 22, and 23, respectively.

This study’s genetic correlations between BW and WW and BW and YW were
0.40 and 0.32, respectively. Woodward et al. (1992) analyzed data from the American
Simmental Association, in addition to other studies in the literature from Veseth et al.
(1993); and Koots et al. (1994b) reported genetic correlations between BW and WW of
0.33, 0.54, and 0.47, respectively. Koots et al. (1994b) provided a similar mean genetic
correlation from 37 sources between BW and YW of 0.48. The current study is in
agreement with the published results, with only a minor decrease in magnitude for genetic
correlation between these trait combinations.

Koots et al. (1994b) reported 66 genetic correlation estimates between WW and
YW, in addition to WW and ADG to have a mean value of 0.78, and 0.39, respectively.
This study detected a genetic correlation between WW and YW of 0.73, along with a
genetic correlation between WW and ADG of 0.34, respectively. This study agrees with

results published in that selection for increased WW will result in a highly correlated
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response in YW, while still achieving a moderate increase in ADG. The genetic
correlations between the post-weaning growth traits of YW, ADG, and EOTWT are all
high ( 2 0.83) and in agreement with the magnitudes from results published by Koch et al.
(1982), Veseth et al. (1993), and Koots et al. (1994b).

A genetic correlation between MARB and LMA of 0.16 was discovered from
these data. Selection for improved marbling should yield lighter muscled cattle. These
results, which have the highest marbling score numerically the lowest, are in agreement
with the respective reported values of -0.12, -0.14, -0.14, and -0.23 (Brackelsberg et al.,
1971; Koch et al., 1982; Marshall, 1994; Koots et al., 1994b), but yet do differ from the
results of Van Vleck et al. (1992) and also Veseth et al. (1993) who reported genetic
correlations of -0.40 and 0. 51 between MARB and LMA.

This study additionally found the genetic correlations between MARB in
combination with FAT and also CUT respectively of -0.32 and 0.34. Marshall (1994) and
Koots et al. (1994b) report similar genetic correlations between MARB and FAT of 0.37
and 0.36, respectively. Additionally, these same published results indicated a genetic
correlation between MARB and CUT of -0.24 and -0.54, respectively. This suggests that
selection for improved marbling scores will result in a moderately correlated increase in
FAT and a decrease in CUT.

A genetic correlation of -0.60 was found between CARCGR and CUT. As is
expected in the Canadian meat grading system, an improvement in carcass grade will result
in a highly correlated increase in cutability. Furthermore, a genetic correlation between

LMA and FAT along with LMA and CARCGR was -0.24 and -0.19, respectively. The



84

genetic correlation between LMA and FAT is intermediate to the published results of
-0.06, -0.08, -0.09, -0.37, and -0.44, respectively (Wilson et al., 1993; Koots et al., 1994b;
Brackelsberg et al., 1971; Amold et al., 1991; Koch et al., 1982). These results indicate
that selection for heavier muscled cattle should result in a low to moderate improvement in
fat thickness and also carcass grade. Furthermore, this study’s genetic correlation
between LMA and CUT is 0.85. Marshall (1994) reported a correlation of 0.53, and
Koots et al. (1994b) found three papers that had a mean genetic correlation for LMA and
CUT of 0.26. Moreover, the genetic correlation between FAT and CUT was -0.67. This
high correlation is intermediate to the genetic correlations reported by Cundiff et al.
(1971) and Koots et al. (1994b) of -0.74 and -0.33, respectively. In addition, the genetic
correlation between FAT and CARCGR was discovered to be 0.87. These high genetic
correlations between CUT and LMA along with FAT, in addition to CARCGR and FAT
can be expected, as they are component traits of CARCGR.

Genetic correlations between BW and CARCWT, and BW and LMA of 0.27 and
0.22, respectively. When analyzing the genetic correlation between BW and CARCWT,
Koch et al. (1982) and Veseth et al. (1993) detail correlations of 0.60 and 0.11,
respectively. The same authors also reported genetic correlations between BW and LMA
of 0.31 and 0.57, respectively. The results of this paper are in agreement with these cited
estimates that the genetic correlations between BW and CARCWT, and BW and LMA are
positive and moderately correlated, although this study’s results are slightly lower in
magnitude. A high correlation of 0.76 was detected between WW and CARCWT. Other

genetic correlations found in the literature between WW and CARCWT include 0.13,
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0.82, and 0.84, respectively (Amold et al., 1991; Marshall, 1994; Koots et al., 1994b).
This study agrees with results published in such that selection for increased WW will result
in a highly correlated response in CARCWT.

The genetic correlation between BW and MARB was found to be 0.17, while a
genetic correlation of -0.04 was found between BW and FAT. Koch et al. (1982)
reported a genetic correlation between BW and marbling score of 0.31, while Woodward
et al. (1992) and Veseth et al. (1993) reported correlations of the same trait combination
of 0.05, and -0.18, respectively. As the marbling score scale is reversed in the present
study, these results are extremely close to the correlation found by Veseth et al. (1993),
such that selection for lower birth weights will result in increased marbling. The genetic
correlation between BW and FAT found in this study of -0.04, although it has the same
sign as the -0.27 correlation found by Koch et al. (1982), is lower in magnitude, and
would indicate that selection for reduced birth weights will yield only a low correlated
increase in FAT.

The genetic correlations between the post-weaning growth traits of YW, ADG,
EOTWT, and also CARCWT are all high ( > 0.83) and in agreement with the magnitudes
from results published by Koch et al. (1982), Veseth et al. (1993), and Koots et al.
(1994b). These traits (YW, ADG, EOTWT, CARCWT) also have very similar genetic
correlations with the carcass traits MARB (range = -0.08 to -0.26), LMA (range = 0.09 to
0.18), FAT (range = 0.15 to 0.28), CARCGR (range = 0.15 to 0.24), and CUT (range
= -0.09 to 0.01). Koch et al. (1992) was in agreement with these ranges where

applicable, but reported higher correlations for the combinations with LMA (range = 0.34



86

to 0.44). Armold et al. (1991) had mutual results with the exception of ADG x MARB
(0.54), CARCWT x MARB (0.33), and CARCWT x FAT (0.36). Additionally, Arnold et
al. (1991) also found negative genetic correlations for YW and ADG in combination with
LMA, -0.06, -0.18, respectively. The results of Marshall (1994) and also Koots et al.
(1994b) support these ranges in most instances, with the exception of the combinations

with LMA and CUT, which had more extreme genetic correlations.

4.3.3 Environmental Correlations

Environmental correlation estimates are presented with the genetic correlation
estimates between growth traits analyzed in Model 3 in Table 20. Birth weight yielded a
low environmental correlation to post-weaning average daily gain (0.14), but was
moderately correlated to the other growth traits with a correlation of 0.34 to adjusted
weaning weight and also end of test weight. Adjusted weaning weight possessed a low
environmental correlation to post-weaning average daily gain of 0.19. However, adjusted
weaning weight, adjusted yearling weight, and also end of test weight all had high
environmental correlations of 0.67, 0.64, and 0.58. This suggests that environmental
influences, which include feedlot conditions and diet, tends to impact these traits so that
cattle that had high adjusted weaning weights tended to also have high adjusted yearling
weights and end of test weights.

Environmental correlations between carcass traits are included in Table 22.

Carcass weight had a high environmental correlation to longissimus muscle area, but a low
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environmental correlation to other carcass traits. The -0.04 environmental correlation
between carcass weight and carcass grade is desirable, which due to the carcass grade
scale indicates that cattle that had heavier carcass weights also possessed advantageous
carcass grades. Marbling score had only low environmental correlations to other carcass
traits; but yet as marbling score goes down numerically, environmental influence yields a
correlated increase in 12th rib fat thickness (-0.16 environmental correlation). There was
a high environmental correlation between longissimus muscle area and cutability (0.82).
Moreover, carcass grade had a medium environmental correlation to cutability as well as a
high positive environmental correlation to 12th rib fat thickness.

Environmental correlations between the growth and carcass traits are included in
Table 24. Carcass grade, 12th rib fat thickness, and marbling score all had low
environmental correlations to every growth trait modeled. Cutability and also longissimus
muscle area were moderately environmentally correlated to growth traits, but carcass

weight had high environmental correlations to growth traits.

4.3.4 Phenotypic Correlations

Phenotypic correlations are the result of the combination of effects from
environmental variation and also the genetic variation. The phenotypic correlation
formula can be shown as (Searle, 1951):

1, = rguhy)® + r[(1-h)(1-hy)]?
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where:

r, is the phenotypic correlation,

1 is the genetic correlation,

r. is the environmental correlation,

h; is the heritability of trait one, and

h; is the heritability of trait two.

If the ratio of the environmental correlation to the genetic correlation exceeds the ratio
[1-(hih2)®) [(1-h)(1-hy)]°, then the phenotypic correlation exceeds the genetic
correlation. When this occurs, the phenotypic correlation will then follow the sign of the
environmental correlation. This discussion serves to show the magnitude that lowly
heritable traits have on influencing phenotypic correlations. If the discussed traits one and
two possess high heritabilities, then the effect of environmental correlation is reduced, as
the denominator of this ratio is reduced. But when trait one and trait two heritabilities are
low, the denominator of the ratio is increased, and the environmental correlation is
multiplied by a larger value in the phenotypic correlation equation.

Phenotypic correlations between the growth traits analyzed in Model 3 are
presented in Table 24. Birth weight had only low to moderate phenotypic correlations to
other growth traits. Adjusted weaning weight, adjusted yearling weight, and also end of
test weight had high phenotypic correlations amongst each trait. This suggests that cattle
that have high adjusted weaning weights also tended to have high adjusted yearling and

end of test weights. These results are in general agreement with the estimates cited in the
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literature. Post-weaning average daily gain had a high phenotypic correlation of 0.67 to
adjusted yearling weight, but had a low phenotypic correlation to both birth weight and
also adjusted weaning weight.

Phenotypic correlations between carcass traits are included in Table 25. Carcass
weight had minimal phenotypic correlations to other carcass traits, with the exception of
cutability, and also longissimus muscle area, which are moderate and highly phenotypically
correlated, respectively. Cundiff et al. (1971) reported a phenotypic correlation between
carcass weight and cutability of -0.44 on British breed steers, while Koots et al. (1994b)
found three phenotypic correlations to have a mean of -0.03. These literature values differ
from the 0.34 phenotypic correlation found in this study.

Carcass weight expressed a genetic correlation to marbling score of -0.19, but
only a correlation of 0.05 and 0.04 for environmental and phenotypic correlations,
respectively. This would indicate that selection for carcass weight using breeding values
would result in more marbling, but the environmental effects that cause carcass weight to
increase also cause less marbling. Marbling score possessed a moderately negative genetic
correlation to 12th rib fat thickness (-0.32), yet only expressed a phenotypic correlation of
-0.17. Similar results occurred between marbling score and cutability, indicating more
desirable results should be achieved through selection using breeding values. This study
analyzed a phenotypic correlation between cutability and longissimus muscle area in
addition to cutability and 12th rib fat thickness of 0.82 and -0.62, respectively. These
values are higher than the cited estimates of 0.45 and -0.36 reported by Marshall (1994),

and Cundiff et al. (1971), respectively.
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Phenotypic correlations between the growth and carcass traits are included in
Table 26. Carcass weight had high phenotypic correlations to all growth traits, in addition
to the results of this study being greater in magnitude than the average correlations of
carcass weight to growth traits listed in Table 7. Nevertheless, marbling score, 12th rib fat
thickness, and carcass grade all had low phenotypic correlations to growth traits. If
producers use breeding values to select for improved marbling, they should achieve
desirable results in correlated growth traits with the exception of birth weight. However,
the importance of using breeding values in selection is apparent as the phenotypic
correlations between marbling score and growth traits causes antagonistic responses.
These same results were concluded by Koots et al. (1994b) in their mass review of
published estimates. Longissimus muscle area possessed moderate correlations to all
growth traits, as was expected by the literature phenotypic correlations.

When producers place no genetic selection either on carcass grade or cutability,
they will achieve desirable responses in correlated growth traits due to favorable
environmental influences. However, if breeders select for either carcass grade or cutability
on genetic merit, they should observe antagonistic results in correlated growth traits.
These correlations of antagonistic traits are important for breeders to note, so they can
identify genetic sources that do not follow these results, therefore making simultaneous

improvement in both traits.
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4.4 Model 4 Genetic Parameters

A fourth analysis was run to look at the variation in marbling score, longissimus
muscle area, and 12th rib fat thickness whole holding carcass weight constant to observe
differences in marbling score, longissimus muscle area, and 12th rib fat thickness as

proportions of the carcass (Cundiff et al., 1971).

4.4.1 Heritability Estimates

Model 4 heritability estimates are presented in Table 27, in addition to the Model 4
variance components. Koots et al. (1994a) estimated heritability values of 0.37 for
carcass weight constant marbling score, with the estimate being the mean of four
estimates. Heritability values of 0.28 + 0.081 for carcass weight constant marbling score
(CMARB) were estimated from these data. Literature estimates for carcass weight
constant marbling score heritability values include 0.28, 0.33, and 0.73, respectively, from
Veseth et al. (1993), Cundiff et al. (1971), and Brackelsberg et al. (1971). The referenced
heritability estimates for CMARB indicate that the trait is moderate to highly heritable,
and this study’s results show a likewise conclusion.

This study estimated a heritability value of 0.38 + 0.080 for carcass weight
constant longissimus muscle area (CLMA). Heritability estimates from the literature for
CLMA heritability values include 0.32 and 0.40. Koots et al. (1994a) found 15 heritability

values for CLMA to average 0.41. The literature values suggest that CLMA is a
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Table 24. Model 3 average phenotypic correlations for mwth traits °.

Trait BW | WW | YW | ADG | EOTWT
Birth Weight
| Adjusted Weaning Weight 034 : i
Adjusted Yearling Weight 022 1067 : %
_Post-weaning Average Daily Gain | 0.14 | 020 : 062 : .
End Of Test Weight 033 : 0.64 : 0.59 | 041

* BW = Birth Weight; WW = Adjusted Weaning Weight; YW = Adjusted Yearling
Weight; ADG = Post-weaning Average Daily Gain; EOTWT = End of Test Weight.
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Table 2S. Model 3 average phenotypic correlations for carcass traits b

Trait CARCWT | MARB | LMA | FAT | CARCGR | CUT
| Carcass Weight . ‘ 1 S S—

Cutability . i 017 i 0.82 -062
* CARCWT = Carcass Weight, MARB = Marbhng Score; LMA = Longissimus Muscle Area FAT = 12th
Rib Fat Thickness; CARCGR = Carcass Grade; CUT = Cutability.

® Carcass traits were analyzed with an age at slaughter covariate.
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Table 26.

Model 3 average phenotypic correlations between growth and carcass traits b
Trait BW | WW | YW | ADG | EOTWT

Carcass Weight 0.43 069 : 090 : 0.59 0.86

Marbling Score 008 | 004 : 003 : 0.02 0.03

Longissimus Muscle Area | 024 ;| 038 : 042 | 023 | 040

12th Rib Fat Thickness -0.12 ;i 0.03 : 0.09 : 0.07 0.09

‘Carcass Grade | -0.10 | -0.02 ; 0.00 ; 0.01  0.00

Cutability 02570257 025" 0137 0.23

b
H
%

* BW = Birth Weight; WW = Adjusted Weaning Weight, YW = Adjusted Yearling Weight;
ADG = Post-weaning Average Daily Gain; EOTWT = End of Test Weight.

® Carcass traits were analyzed with an age at slaughter covariate.
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Table 28. Model 4 genetic, environmental, and phenotypic correlations ~b

Trait WW MARB LMA FAT

Adjusted Weaning Weight | 0.11 -0.11  -0.11 028

Marbling Score 0.07 0.28 022 -0.29
0.07

Longissimus Muscle Area 0.08 0.01 038 -0.29
0.08 0.10

12th Rib Fat Thickness -0.04 -016 -026 0.36

-004 -0.16 -0.26
* Genetic correlations above diagonal, environmental correlations above the phenotypic
correlations below diagonal, heritability on diagonal.

® WW = Adjusted Weaning Weight; MARB = Marbling Score; LMA = Longissimus
Muscle Area; FAT = 12th Rib Fat Thickness.
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moderate to highly heritable trait, and this study’s CLMA heritability estimate is supported
by literature estimates.

Koots et al. (1994a) analyzed 15 heritability estimates for carcass weight constant
12th rib fat thickness (CFAT) and reported a mean value of 0.44. A review of the
literature revealed CFAT heritability of 0.43 and 0.53 from Brackelsberg et al. (1971), and
Cundiff et al. (1971), respectively. The current study’s CFAT heritability value of 0.36

+ 0.080 indicates the CFAT heritability estimate is below the literature CFAT estimates.

4.4.2 Correlation Estimates

Genetic, environmental, and phenotypic correlations for Model 4 that used a
carcass weight covariate are included in Table 28. As was expected from the results of
Benyshek (1981), the genetic and phenotypic correlations between the trait combinations
that had either slaughter age or carcass weight modeled as a covariate did yield quite
similar results. The lone exception was the genetic and phenotypic correlation between
WW and LMA. The genetic correlation between WW and age constant longissimus
muscle area versus WW and carcass weight constant longissimus muscle area is 0.09 and
-0.11, respectively. Additionally, the phenotypic correlation between WW and age
constant longissimus muscle area versus WW and carcass weight constant longissimus
muscle area is 0.38 and 0.08, respectively. Moreover, the heritability values for age
constant longissimus muscle area and carcass weight constant longissimus muscle area

was 0.29 and 0.38, respectively. The differences can be explained due to the residual
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variance being larger in these data when slaughter age is held constant versus a carcass

weight constant.



5. CONCLUSIONS

The results of this study indicate that there was no detectable selection bias in
these data, as the multiple trait heritability values for both growth and carcass traits closely
correspond to those achieved from the single trait analysis. Additionally, this study
concluded that heritability values for such growth traits such as weaning weight, yearling
weight, post-weaning average daily gain, and end of test weight are low to moderately
heritable. When selection pressure is placed upon these traits, some improvement will
result from the selection. The data indicated moderate heritability values for such carcass
traits as marbling score, longissimus muscle area, 12th rib fat thickness, carcass grade, and
cutability. These results suggest that a moderate response to selection can be achieved
when selecting for these carcass traits, and also that more response to selection can be
achieved from selecting for these carcass traits than for selecting for the growth traits
analyzed in this study.

Additionally, this study indicates that selection for faster growing, heavier muscled
cattle can be accomplished but not without antagonistic results. Yearling weight had both
high genetic and phenotypic correlations to other growth traits such as weaning weight,
post-weaning average daily gain, and end of test weight. Moreover, yearling weight was
highly correlated to carcass weight and had a -0.16 correlation to marbling score, but
unfortunately the current data indicated a genetic correlation of 0.26 between yearling
weight and fat thickness in addition to a negative genetic correlation of yearling weight to

cutability. Marbling score had a numerically inverse genetic correlation to end of test
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weight, however, phenotypically was positively correlated to end of test weight. An
additional antagonistic environmental correlation was concluded from the correlation of
cutability and yearling weight, which had a positive phenotypic correlation of 0.25 but a
negative genetic correlation of -0.08. Nevertheless, selection for faster growing cattle
will result in heavier birth weights, along with lower cutability cattle with more fat. When
Canadian Charolais breeders select for heavier muscled, higher cutability cattle, they will
again see a moderate increase in birth weights in addition to a low to moderate decrease in
marbling. Therefore, producers must identify seedstock which do not follow these genetic
antagonisms to be able to produce beef that is profitable and fits into the industry’s

specifications to achieve consumer acceptance.
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