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ABSTRACT: Genetic parameters are required to
evaluate carcass merit using correlated real-time ultra-
sound (RTU) measurements. Many registered bulls
and heifers are measured using RTU before consider-
ation for selection as parents, whereas few animals are
recorded for carcass traits and those are often cross-
bred steers. The objective of this study was to estimate
genetic parameters required for evaluating carcass
merit in the American Hereford Association (AHA)
and the American Simmental Association (ASA) using
multivariate models and to assess accuracy of carcass
trait estimated breeding values (EBV) for selection
candidates. All available carcass data including carcass
weight (CWT), fat thickness (FAT), longissimus muscle
area (LMA), and marbling score (MRB) were provided
by the AHA and the ASA along with RTU data includ-
ing fat thickness (UFAT), longissimus muscle area
(ULMA), and percentage of intramuscular fat (UIMF).
Carcass data comprised 6,054 AHA and 9,056 ASA cat-
tle, while RTU data in comparable numbers from close
relatives comprised 6,074 AHA and 7,753 ASA cattle.
Pedigrees included 33,226 AHA and 37,665 ASA ani-
mals. Fixed effects for carcass and RTU data included
contemporary group, age at scan/slaughter, and major

breed percentages. Restricted maximum likelihood
procedures were applied to all the carcass and RTU
measurements, along with birth weight to account for
selection, fitting 8-trait multivariate models separately
for each breed association. Heritability estimates for
AHA and ASA carcass traits were 0.41 +0.04 and 0.25 +
0.03 for FAT, 0.47 + 0.04 and 0.32 + 0.03 for LMA,
0.48 £0.04 and 0.43 = 0.04 for MRB, 0.51 £ 0.04 and
0.34 £+ 0.03 for CWT, and for RTU traits were 0.29 +
0.04 and 0.37 £ 0.03 for UFAT, 0.31 = 0.04 and 0.44 +
0.03 for ULMA, and 0.45 + 0.04 and 0.42 + 0.03 for
UIMF. Genetic correlations for AHA and ASA analyses
between FAT and UFAT were 0.74 £+ 0.08 and 0.28 +
0.13, between LMA and ULMA were 0.81 + 0.07 and
0.57 £ 0.10, and between MRB and UIMF were 0.54 +
0.08 and 0.73 £ 0.07. Predictions of carcass merit using
RTU measurements in Hereford cattle would be more
reliable for FAT and LMA than MRB, but the reverse
would be true for admixed Simmental cattle. Genetic
correlations for MRB in AHA and for FAT and LMA
in ASA are less than currently assumed in their national
evaluations. Collection of greater numbers of carcass
measurements would improve the accuracy of genetic
evaluations for carcass traits in both breeds.
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INTRODUCTION

Variance parameters including heritabilities,
genetic and residual correlations are required for
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national cattle evaluation. There are more than ad-
equate amounts of data available for estimating such
variance parameters for growth and real-time ultra-
sound (RTU) traits, but much less data are available
in North America for carcass traits. Like many other
breed associations, American Hereford Association
(AHA) and American Simmental Association (ASA)
have long been using RTU data in addition to carcass
measurements to enhance national cattle evaluations
for carcass traits. Evaluations combining ultrasound
and carcass data will be more accurate than those
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based on carcass data alone, provided realistic variance
parameters are used in the evaluations. Combining
RTU and carcass data provides for estimation of ex-
pected progeny differences (EPD) using larger and
more random samples than could be achieved using
carcass data alone (Crews and Kemp, 2002). Most
published reports of parameters have been based on
bivariate rather than multivariate animal model anal-
yses (Crews et al., 2003; Eriksson et al., 2004). The
objective of this study was to separately estimate ge-
netic parameters required for evaluating carcass mer-
it in AHA and ASA using some RTU along with all
available carcass data, fitting multivariate models with
major breed percentages as fixed effects, and hence
evaluate the accuracy of carcass traits of living indi-
viduals by assessing theoretical prediction accuracy of
estimated breeding values (EBV), obtained from tra-
ditional best linear unbiased prediction (BLUP) anal-
ysis that uses various phenotypic information sources
and the variance components estimated in this study.

MATERIALS AND METHODS

Data sets were constructed using all reliable car-
cass data from structured progeny test programs man-
aged by AHA and ASA. A subset of the available RTU
data and ancestral pedigrees augmented that carcass
data to produce the data sets described below. Animal
Care and Use Committee approval was not obtained
for this study because the data were extracted from
existing industry databases.

Carcass and Ultrasound Data

All available carcass data including carcass weight
(CWT), back fat thickness (FAT), longissimus muscle
area (LMA), and marbling score (MRB) were obtained
from AHA and ASA. A small number of records that
were missing 1 or 2 of these 4 traits was also included.
Due to computing limitations, only close relatives such
as half-siblings of animals with carcass records were
extracted from the complete database, along with their
contemporaries, if they had at least 2 of the 3 RTU re-
cords including ultrasound subcutaneous fat (UFAT),
ultrasound longissimus muscle area (ULMA), and in-
tramuscular fat percentage (IMF). RTU measurements
on animals with carcass data were ignored as slaugh-
tered animals are typically scanned a short time prior to
harvest rather than using the same protocols as applied
to the seed-stock animals. Extended pedigrees based on
ancestors of animals with data were used to construct
relationship matrices linking animals with ultrasound
data to those with carcass data. This resulted in CWT,
FAT, LMA, and MRB being available from 6,054 AHA
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and 9,056 ASA cattle, while UFAT, ULMA, and UIMF
were available on 6,074 AHA and 7,753 ASA cattle
(Table 1). Birth weight (BWT) records were available
for all individuals with carcass or RTU measurements.

Pedigree

Extended pedigree files were constructed for all
the animals with carcass or RTU phenotypes for AHA
data (33,226 animals in the pedigree) and ASA data
(37,665 animals in the pedigree).

Analysis Models

Analyses on AHA and ASA data were done sepa-
rately, both using 8-trait multivariate models. The
multivariate model is represented in matrix notation as

y=Xb+Zu+te,

where X and Z are design matrices relating observa-
tions (y) to their respective fixed (b) and random (u)
effects, and e is a vector of random residuals. Random
effects were assumed to have null means, with Var(u) =
G, ® A where G represents the genetic (co)variance
matrix of order 8 being the number of traits analyzed
and A represents the pedigree-based numerator rela-
tionship matrix (NRM) of order equal to the number of
animals in the pedigree. The residuals have Var(e) =R,
where R would be Ry ® I if all animals had all traits
observed, but when some traits are missing the corre-
sponding rows and columns of Ry, ® I they are deleted
to obtain R which has order equal to the number of ob-
served phenotypes across the 8 traits, in which R rep-
resents the residual (co)variance matrix of order 8 and
I is an identity matrix of order equal to the number of
animals with at least one phenotypic observation. No
animal with carcass data had its RTU data included in
the analysis; therefore, residual covariances were not
estimated between carcass and ultrasound traits.

In the model fitted to AHA data, fixed effects for car-
cass traits included: linear regression of breed percent-
ages comprising Hereford and Angus, linear regression
of heterosis effect between Hereford and Angus, harvest
contemporary group (CG; harvest date x sex), and the
linear regression of age at harvest. Fixed effects for RTU
traits that were only measured on purebred Herefords
included: scan CG (herd X scan date x sex), and the lin-
ear regression of age at scanning. Fixed effects for birth
weight included birth CG (herd x sex x birth date window,
the birth date windows span 60 d from the first calf born
in the herd x sex contemporary group). These contempo-
rary groups are the same as used in AHA national cattle
evaluation. Individuals with carcass data represented 348
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Table 1. Summary statistics for carcass traits and their real-time ultrasound live indicators

Data Carcass? Ultrasound? Weight?
source! Item FAT (mm)® LMA (cm?)  MRBS UFAT (mm) ULMA (cm?) UIMF (%) BWT (kg) CWT (kg)

AHA  Minimum 1.78 53.16 0.61 1.02 25.94 0.25 22.07 200.99
Mean 14.55 81.81 4.09 5.46 61.55 3.38 38.99 362.24
Maximum 35.31 131.03 8.54 20.32 106.77 8.72 59.60 495.78
SD 4.60 8.90 1.00 2.49 14.32 0.96 442 40.89
No. of siresg 423
No. of records 6,054 6,074 12,128 6,054
No. of Contemporary Groups 348 528 679 348

ASA Minimum 1.02 11.61 0.21 1.02 40.00 0.50 13.61 171.91
Mean 12.02 83.87 5.32 5.01 78.32 3.27 39.14 359.06
Maximum 35.56 150.79 10.80 21.59 131.61 7.85 64.41 553.38
SD 4.06 10.32 1.10 1.85 12.84 0.90 5.59 47.04
No. of sires’ 1358
No. of records 9,056 7,753 16,809 9,056
No. of Contemporary Groups 819 324 741 819

IData Source: AHA, American Hereford Association; ASA, American Simmental Association.

2Carcass traits: FAT, back fat thickness; LMA, longissimus muscle area; MRB, marbling score.
3Ultrasound traits: UFAT, real time ultrasound (RTU) fat thickness; ULMA, RTU longissimus muscle area; UIMF, RTU intramuscular fat percentage.

4Weights: BWT, birth weight; CWT, carcass weight.

SUnit conversions were undertaken from imperial to metric for all the traits except MRB and UIMF.

SMRB for AHA was scored on the graders scale and divided by 100, whereas for ASA marbling was scored according to BIF guidelines.

"Number of sires of individuals with phenotypic records.

harvest CG, while animals with ultrasound data repre-
sented 528 scan CG, whereas all animals with carcass or
RTU measures were represented in 679 birth CG.

In ASA data, admixed composite cattle are routinely
registered and very few animals with carcass or RTU
data are purebred. The average pedigree estimated breed
composition was 42% Angus and 47% Simmental. Fixed
effects for all traits included: linear regression on Angus
and Simmental breed percentages, linear regression on
heterosis fraction, and linear regression of age at harvest
or scan. Fixed effects for carcass traits included harvest
CG (herd x harvest date x sex). Fixed effects for RTU
traits included scan CG (herd x scan date x sex). Fixed
effects for birth weight included birth CG (herd X birth
date window x sex). Individuals with carcass data rep-
resented 819 harvest CG, while animals with ultrasound
data represented 324 scan CG. All animals with carcass
or RTU measures were represented in 741 birth CG.

All the phenotypic data were measured and record-
ed in imperial units, i.e., inches rather than millimeters
(mm) for back fat thickness, square inches rather than
square centimeters for longissimus muscle area, and
U.S. pounds (Ibs) rather than kilograms (kg) for birth
and carcass weights. More details regarding collection
and national evaluation of these traits are available in
the Beef Improvement Federation guidelines (https://
beefimprovement.org/wp-content/uploads/2013/07/
BIFGuidelinesFinal updated0916.pdf).  Phenotypes
were standardized which leads to better convergence of
variance components. Preliminary bivariate and trivari-

ate animal models for combinations of traits were per-
formed to obtain initial values of (co)variance parame-
ters that were then used as starting values in subsequent
multivariate analyses. Heritabilities and genetic cor-
relations reported here were obtained using estimates
of the variance components obtained from the 8-trait
multivariate analyses. Estimates of genetic variance/co-
variances and their associated standard errors were ob-
tained using average information restricted maximum
likelihood (REML) as implemented in ASREML ver-
sion 4 (Gilmour et al., 2014). For reporting results, vari-
ance component estimates were rescaled back, and unit
conversions were undertaken from imperial to metric
for all the traits besides MRB and UIMF.

Assessing Accuracy of Carcass Trait Evaluations

Multitrait evaluations were undertaken separately
for each breed association using the estimated variance
parameters as if they represented the true parameters.
The EBV and accuracies were obtained on all the ani-
mals, but only those that were considered to be typical
of selection candidates (SC) were further characterized.

Animals with offspring must have been selected to
be parents, and their accuracies would be higher than
would have been the case at the time of their selection,
so those animals did not comprise SC. To represent
a typical SC, the accuracies of those animals with-
out offspring in the smallest and the largest scan CG
were not considered in the scenario analysis described
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Table 2. Estimates of genetic (below diagonal) and residual (above diagonal) correlations, heritabilities (diagonal),
and their standard error of estimates among carcass and ultrasound traits for the American Hereford Association

UFAT! FAT? ULMA? LMA* UIMF? MRB® BWT’ CWT®

Heritability, genetic correlation, and residual correlation

UFAT 0.29 +0.04 N/A 0.25+0.03 N/A 0.18 £0.04 N/A -0.08 +0.04 N/A

FAT 0.74 £0.08 0.41+0.04 N/A -0.01 +0.05 N/A 0.22 +0.04 -0.00 + 0.05 0.41+0.04

ULMA 0.19+0.09 -0.15+0.10 0.31+0.04 N/A -0.01 £0.04 N/A -0.02 +£0.04 N/A

LMA -0.11£0.10 -0.23+0.07 0.81+0.07 0.47 £ 0.04 N/A -0.09 +0.05 0.05+0.05 0.34 +0.04

IMF 0.44 £0.07 0.34+0.08 -0.03 £0.08 -0.18 +£0.08 0.45+0.04 N/A -0.07 £ 0.05 N/A

MRB 0.14+£0.10 0.23+£0.07 -0.10+0.10 0.02+0.07 0.54 +0.08 0.48 £0.04 0.09 £+ 0.06 0.20 +0.05

BWT -0.08 +0.07 -0.10 £ 0.06 0.23+£0.07 0.11 +£0.06 0.02 £ 0.06 -0.19+0.06 0.61+0.03 0.16 £ 0.06

CWT 0.19+0.10 0.24 +£0.07 0.45+0.09 0.51+0.05 0.09 +0.09 0.12+0.07 0.31+0.06 0.51+0.04
Additive genetic variance (Vg) and phenotypic variance (Vp)

Unit mm? mm? (cm?)? (cm?)? - - kg? kg?

V, 0.69 = 0.09 7.23+£0.79 13.54 £1.86 28.09 +2.81 0.19+£0.02 0.23 +£0.02 8.58+0.52  498.27 +48.80

\% 2.37+0.05 17.54 +0.38 44.15+0.97 59.43 +1.31 0.43+0.01 0.48+0.01 14.06+0.25  969.56 +21.85

D

TUFAT is real-time ultrasound (RTU) back fat thickness.

2FAT is carcass back fat thickness.

3ULMA is RTU longissimus dorsi muscle area.

4LMA is carcass longissimus dorsi muscle area.

SUIMF is intramuscular fat percentage, i.c., the RTU indicator of MRB.
SMRB is carcass marbling score.

TBWT is birth weight.

8CWT is carcass weight.

below. The sizes of selected scan CG were between
20 and 80 individuals for the AHA evaluation and be-
tween 75 and 125 for the ASA evaluation.

In scenario 1 (carcass only) RTU measurements
were treated as missing, so that the carcass EBV of
SC were predicted using their relatives’ carcass phe-
notypes. In scenario 2 (RTU only) all carcass trait
measurements from relatives were treated as missing
so that the carcass EBV of the SC were predicted us-
ing their own yearling RTU phenotypic records. All
available RTU and carcass phenotypic information
was used in scenario 3, representing the same analysis
as done to estimate variance components, except that
the variance parameters were assumed known.

The multitrait Mixed Model Equations (MME)
were built separately for each scenario and each data
set from AHA and ASA, using the same models as
previously described in this study. A single-site Gibbs
sampling method implemented in BOLT software
package (www.ThetaSolutionsLLC.com) was used to
solve the MME with preconditioned conjugate gradient
(PCG) solutions as starting values and a chain length
0f'50,000, with samples from the first 10,000 iterations
discarded as burn-in. The sample variance of Markov
Chain Monte Carlo (MCMC) samples for each animal
was used as the prediction error variance (PEV) to cal-
culate the theoretical prediction accuracy as

|_PEV,

1=
7 2
Og[ ii

2

where subscripts i and j represent the ith individual and
the jth trait, o2, . is the genetic variance corresponding
to the jth trait, and 4;; is the ith diagonal element in the
NRM corresponding to the ith individual calculated
to account for inbreeding. The value of using carcass
and/or RTU phenotypes to predict carcass EBV was
assessed by comparing distributions of the theoretical
prediction accuracies for each trait in each scenario,
plotted using custom Python scripts.

RESULTS AND DISCUSSION

Summary statistics for carcass traits, their cor-
responding RTU measurements, and birth weight are
provided in Table 1. Mean FAT was 14.55 mm for
AHA data and 12.02 mm for ASA data, comparable to
13.2 mm reported for Hereford (Arnold et al., 1991) and
12.42 mm for multibreed beef cattle including Angus,
Charolais, Hereford, and Simmental composites (Miar
etal., 2014). Mean UFAT for AHA and ASA cattle were
5.46 mm and 5.01 mm, both higher than reported values
of 4.8 mm (Arnold et al., 1991) and 3.27 mm (Kause et
al., 2015) for Hereford, 4.06 mm (Crews et al., 2003)
and 4.07 (Crews and Kemp, 2001) for Simmental, but
lower than the 8.80 mm reported (Miar et al., 2014) for
Canadian composite cattle. The latter may be due to
the fact that the Canadian results are based on the 12th
and 13th ribs, whereas U.S. measurements are based on
the 12th rib alone. Average MRB were 4.09 for AHA,
which is smaller than the reported 5.21 (Arnold et al.,
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Table 3. Estimates of genetic (below diagonal) and residual (above diagonal) correlations, heritabilities (diagonal),
and their standard error of estimates among carcass and ultrasound traits for the American Simmental Association

UFAT! FAT? ULMA? LMA* UIMF? MRB® BWT’ CWT®

Heritability, genetic correlation and residual correlation

UFAT 0.37+0.03 N/A 0.18 £0.03 N/A 0.18 £0.03 N/A -0.08 +0.04 N/A

FAT 0.28 £0.13 0.25+0.03 N/A -0.09 +0.03 N/A 0.23+0.03 -0.06 +0.03 0.30 +0.03

ULMA -0.01 +£0.06 0.22+0.12 0.44 £ 0.03 N/A -0.04 +£0.03 N/A 0.08 =0.04 N/A

LMA -0.04 £0.12 -0.27 +£0.08 0.57+0.10 0.32+0.03 N/A 0.01+0.03 0.09 +0.03 0.38 +0.03

IMF 0.33 £0.06 -0.01 +£0.11 -0.24 +0.06 -0.22+0.10 0.42 £0.03 N/A -0.08 +0.04 N/A

MRB 0.13+0.11 0.22+0.07 0.03+£0.10 -0.23+0.07 0.73£0.07 0.43 +£0.04 -0.01 £0.04 0.18 £0.04

BWT -0.11 £0.06 -0.16 +£0.07 0.22 £0.06 0.23 +£0.06 -0.16 £ 0.06 -0.11 +£0.06 0.47 £0.02 0.22+0.03

CWT -0.03 +£0.12 0.08 +0.08 0.52+0.10 0.51+0.06 -0.17+0.10 -0.00 +0.07 0.42 +£0.05 0.34+0.03
Additive genetic variance (Vg) and phenotypic variance (Vp)

Unit mm? mm? (cm?)? (cm?)? - - kg? kg?

V, 0.71£0.07 2.81+0.04 26.36 +£2.23 19.71 +£2.13 0.20 +0.02 0.29 +0.03 920+0.54 278.21+29.10

\% 1.92 +0.04 11.12+0.18 60.09 £ 1.16 62.49 +1.02 0.46 +0.01 0.67+0.01 19.54+0.25 817.31+13.50

D

TUFAT is real-time ultrasound (RTU) back fat thickness.

2FAT is carcass back fat thickness.

3ULMA is RTU longissimus dorsi muscle area.

4LMA is carcass longissimus dorsi muscle area.

SUIMF is intramuscular fat percentage, i.c., the RTU indicator of MRB.
SMRB is carcass marbling score.

TBWT is birth weight.

8CWT is carcass weight.

1991) for Hereford, and 5.32 for ASA data which is
larger than the reported 5.01 (Crews et al., 2003) for
Simmental, and both are larger than the 2.19 (Miar et al.,
2014) for Canadian composite beef cattle.

Estimates of heritability were moderate, ranging
between 0.25 and 0.48 for carcass and RTU traits, and
moderate to high ranging between 0.34 and 0.61 for
birth weight and carcass weight, as presented by diag-
onal elements in Table 2 for AHA data and Table 3 for
ASA data. The highest heritability was 0.61 for birth
weight in AHA data, while the lowest heritability was
0.25 for FAT in ASA data. Heritability estimates may
be influenced by several factors including sampling,
population size (Benyshek 1981; Koots et al., 1994),
pedigree depth, breed, and heterosis effects in cross-
bred populations, and the endpoint defined by age,
back fat, weight, or marbling (Rumph et al., 2007).
Carcass and RTU traits generally have been reported
in previous studies as being traits with moderate to
high heritability. These results confirm that there are
good opportunities for genetic improvement of car-
cass merit traits based on their direct measurements
in these populations since the heritability estimates for
these traits ranged from moderate to high.

Carcass versus Ultrasound Measures of Fat Thickness

The phenotypic standard deviations (SD) for FAT
(UFAT) from AHA and ASA data were 4.19 (1.54) and
3.33 (1.39) mm, comparable to reported estimates of

3.7 (0.85) mm (Arnold et al., 1991) for Hereford and
3.44 (1.28) mm (Crews et al., 2003) for Simmental.
The relatively smaller phenotypic SD for UFAT were
not surprising as RTU measures are taken on breeding
stock at younger ages and lesser degrees of finish than
is the case for carcass measures.

Additive genetic SD estimates for FAT (UFAT)
were 2.69 (0.83) and 1.68 (0.84) mm for AHA and
ASA, which were comparable to those previous-
ly reported values of 2.59 (0.43) mm for Hereford
(Arnold et al., 1991), and 2.02 (0.93 and 1.05) mm
for Simmental (yearling bulls and heifers; Crews et al.,
2003). Crews et al. (2003) used a subset of the data
that was available to our study but did not fit breed and
heterosis effects in the manner done in this analysis.

Heritability of FAT (UFAT) were 0.41 (0.29) and
0.25 (0.37) for AHA and ASA cattle, similar to reported
values of 0.49 (0.26; Arnold et al., 1991) for Hereford,
0.35 (0.53 and 0.69; Crews et al., 2003) for Simmental
(yearling bulls and heifers), and 0.27 (0.31; Miar et al.,
2014) for Canadian composite cattle. The relatively low
heritability for UFAT from AHA and FAT from ASA
relative to literature reports may be due to these cattle
having been harvested at a constant finish endpoint, dif-
ferences in breeds, and the fact that the model included
a covariate for age, whereas some other literature analy-
ses include a covariate for harvest weight.

The genetic correlation between FAT and UFAT
was high at 0.74 for AHA data but relatively low at
0.28 for ASA data, both estimates being lower than
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Distributicns of Theoralical Prediction Accuracy for Carcass Traits of Salected Living Individuals from AHA, n=1,788
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Figure 1. Distribution of theoretical prediction accuracy of EBV for carcass traits based on various sources of phenotypic information from the American
Hereford Association. The boxes inside the violins showed the quartiles of the data set while the whiskers extended to show the rest of the distribution, and the or-
ange dashed lines represent square roots of estimated heritabilities, which are the theoretical upper bounds of prediction accuracies. Abbreviations: AHA, American
Hereford Association; FAT, back fat thickness; LMA, longissimus muscle area; MRB, marbling score; CWT, carcass weight; RTU, real-time ultrasound.

previously reported values of 0.88 (Devitt and Wilton,
2001) for crossbred beef cattle, 0.79 and 0.83 (Crews et
al., 2003) for Simmental bulls and heifers, and 0.82 and
0.96 (Reverter et al., 2000) for Angus bulls and heifers.

Carcass versus Ultrasound Measures
of Longissimus Muscle Area

Phenotypic SD of LMA (ULMA) for AHA and
ASA cattle were 7.71 (6.64) and 7.90 (7.75) cm?,
which were within the range of reported estimates
of 6.14 (5.43) cm? (Arnold et al., 1991) for Hereford
and 8.4 (7.55 and 6.94) cm? (Crews et al., 2003) for
Simmental (yearling bulls and heifers).

Additive genetic SD estimates of LMA (ULMA)
for AHA and ASA were 5.30 (3.68) and 4.44 (5.13)
cm?, which were similar to reported estimates of 4.16
(2.72) cm? (Arnold et al., 1991) for Hereford, and 5.6
(4.6 and 4.9) cm? (Crews et al., 2003) for Simmental
(yearling bulls and heifers).

Heritability estimates were 0.47 (0.31) and 0.32
(0.44) for AHA and ASA LMA (ULMA), similar to
reported values of 0.46 (0.25; Arnold et al., 1991)
for Hereford, 0.46 (0.37; Crews et al., 2003) for
Simmental, and higher than estimates of 0.24 (0.17;
Miar et al., 2014) for Canadian composite cattle.

Genetic correlations between LMA and ULMA
were 0.81 for AHA and 0.57 for ASA, both within the
range of reported estimates of 0.29 for Angus, 0.94

for Hereford (Reverter et al., 2000), 0.66 (Moser et al.,
1998; Devitt and Wilton, 2001) for Simmental, 0.71
and 0.67 for Simmental between LMA and ULMA
from yearling bulls and heifers (Crews and Kemp,
2001), and 0.80 (Crews et al., 2003) for Simmental.

Carcass Marbling Score versus Ultrasound
Intramuscular Fat Percentage Measures

Phenotypic SD of MRB (UIMF) for AHA and
ASA cattle were 0.69 (0.65) and 0.82 (0.68) cm?,
which were similar to reported estimates of 0.88 (0.52
and 0.65; Crews et al., 2003) for Simmental (yearling
bulls and heifers) and 0.59 (0.54; McAllister et al.,
2011) for Red Angus.

Additive genetic SD estimates of MRB (UIMF)
for AHA and ASA were 0.48 (0.44) and 0.54 (0.44),
which were within the range of reported estimates of
0.64 (0.36 and 0.47; Crews et al., 2003) for Simmental
(yearling bulls and heifers).

Heritability estimates were 0.48 (0.45) and 0.43
(0.42) for MRB (UIMF) from AHA and ASA cattle,
similar to reported estimates of 0.54 (0.47 and 0.52
for yearling bulls and heifers; Crews et al., 2003) for
Simmental cattle, 0.35 (0.29; McAllister et al., 2011)
for Red Angus cattle, and 0.38 (0.37; Miar et al., 2014)
for Canadian composite cattle.

Genetic correlation estimates of MRB with UIMF
were 0.54 for AHA and 0.73 for ASA cattle, lower than
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Figure 2. Distribution of theoretical prediction accuracy of EBV for carcass traits based on various sources of phenotypic information from the American
Simmental Association. The boxes inside the violins showed the quartiles of the data set while the whiskers extended to show the rest of the distribution, and the or-
ange dashed lines represent square roots of estimated heritabilities, which are the theoretical upper bounds of prediction accuracies. Abbreviations: ASA, American
Simmental Association; FAT, back fat thickness; LMA, longissimus muscle area; MRB, marbling score; CWT, carcass weight; RTU, real-time ultrasound.

the reported value of 0.80 (Devitt and Wilton, 2001) for
Simmental cattle, while Wilson et al. (1999) found this
correlation to be 0.77. Crews et al. (2003) reported that
genetic correlations of MRB with bull and heifer UIMF
were 0.74 and 0.69 for Simmental cattle.

Birth and Carcass Weights

Heritability estimates for birth weight were 0.61
for AHA and 0.47 for ASA cattle, higher than the re-
ported estimate of 0.43 (Eriksson et al., 2004) for di-
rect birth weight for Hereford, and estimates of 0.40
and 0.45 (Garrick et al., 1989) for male and female
Simmental. Heritability estimates of CWT were 0.51
for AHA and 0.34 for ASA, which were within the
ranges of reported values of 0.24 (Arnold et al., 1991),
0.54 (Reverter et al., 2000), 0.50 (Eriksson et al., 2004),
and 0.48 (Kause et al., 2015) for Hereford, and 0.38
(Crews and Kemp, 2001), 0.47 (Devitt and Wilton,
2001), 0.32 (Shanks et al., 2001), and 0.48 (Crews et
al., 2003) for Simmental. Three reviews reported aver-
age CWT heritabilities of 0.41 (Marshall, 1994), 0.42
(Utrera and van Vleck, 2004), and 0.45 (Koots et al.,
1994), while a range of 0.17 to 0.65 was reported for
8 different European beef cattle breeds (Hickey et al.,
2007) including Hereford and Simmental.

Genetic correlations between BWT and CWT
were 0.31 for AHA and 0.42 for ASA. Eriksson et al.
(2004) reported a similar genetic correlation of 0.30 for

Hereford between CWT and maternal BWT, but a lower
value of 0.11 was found between CWT and direct BWT.

Considerations using Crossbred Data

It is difficult to obtain carcass data from purebred
pedigree herds, and such data tend to only be recorded
on inferior animals. It is much easier to obtain carcass
data from commercial rather than bull-breeding herds,
and these are commonly crossbred animals, for both
Hereford and Simmental breeds. The genetic correlation
between pure- and crossbred performance may be less
than unity (Newman et al., 2002; Nunez-Dominguez
et al., 1993), which would make equivalent amounts of
crossbred data less effective for ranking purebreds than
would be the case if purebred data were used. However, if
Hereford and Simmental bulls are commonly outcrossed,
purebred selection should be for crossbred performance.

Theoretical Prediction Accuracies for Carcass Traits
using Ultrasound and/or Carcass Data

A total of 1,788 and 1,083 RTU measured indi-
viduals from 54 AHA and 11 ASA scan CG were cho-
sen to represent typical SC according to descriptions
in Materials and Methods. These SC were sired by 117
and 176 bulls, respectively, and these bulls also pro-
duced 1,612 and 1,345 harvested individuals that had
carcass trait measurements.
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Table 4. Mean theoretical prediction accuracy of EBV
for carcass traits based on various scenarios varying in
terms of sources of phenotypic information
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Table 5. Distribution range of theoretical prediction
accuracy of EBV for carcass traits based on various
sources of phenotypic information

Data Scenario 1  Scenario 2 Scenario 3 Delta*: Data Scenario I Scenario 2  Scenario3  Reduced*:
Source! Trait?  Carcass only RTU3 only  All data S3-S1 Source! Trait?  Carcassonly RTU3only  Alldata (S1-S3)/S1%
AHA CWT 0.45 0.42 0.50 0.05 AHA CWT 0.37 0.38 0.34 9.8
FAT 0.42 0.52 0.56 0.14 FAT 0.50 0.30 0.25 49.7
LMA 0.44 0.56 0.59 0.15 LMA 0.54 0.29 0.27 49.6
MRB 0.43 0.45 0.52 0.09 MRB 0.39 0.29 0.24 38.9
ASA CWT 0.46 0.50 0.53 0.07 ASA CWT 0.38 0.24 0.28 26.8
FAT 0.35 0.36 0.40 0.05 FAT 0.57 0.42 0.42 26.6
LMA 0.40 0.48 0.51 0.11 LMA 0.54 0.26 0.28 47.6
MRB 0.42 0.56 0.58 0.16 MRB 0.61 0.21 0.23 62.3

IData Source: AHA, American Hereford Association; ASA, American
Simmental Association.

2Trait: CWT is carcass weight; FAT is back fat thickness; LMA is lon-
gissimus dorsi muscle area; MRB is marbling score.

3RTU refers to real-time ultrasound measures UFAT, ULMA, and ultra-
sound intramuscular fat percentage (UIMF).

4Delta: S3 is short for Scenario 3; S1 is short for Scenario 1.

Predicting carcass EBV for SC ignoring RTU
but using their relatives’ carcass measurements, i.e.,
Scenario 1, yielded the lowest mean theoretical accu-
racy from the 3 scenarios, except for CWT from AHA
data (Fig. 1 and 2). That low accuracy was due to the
fact that none of the SC had their own phenotypic in-
formation besides BWT; therefore, their carcass EBV
accuracies were critically determined by (1) the genet-
ic correlation between carcass traits and BWT, which
were as low as -0.10, 0.11, and -0.19 for AHA data
and -0.16, 0.23, and -0.11 for ASA data; and (2) car-
cass EBV accuracies of their sires, which was dramati-
cally affected by their own RTU measurements and the
number of their harvested offspring. Huge variations in
the accuracies of the sires’ carcass EBV contributed to
wider distributions of theoretical prediction accuracy
of carcass EBV for the SC, as observed in Scenario 1.

In Scenario 2 carcass EBV of SC were predicted
primarily from the individual’s own RTU phenotypic
records and were influenced by the genetic correlations
between carcass traits and their corresponding RTU live
indicators. A tendency of higher means and narrower
distributions of prediction accuracies were observed for
this scenario compared to Scenario 1, which could be
inferred from the fact that genetic correlations between
carcass traits and their corresponding RTU measure-
ments (0.74, 0.81, 0.54 and 0.28, 0.57, 0.73 as shown
in Tables 2 and 3) were higher than the genetic correla-
tions between carcass traits and BWT (showed previ-
ously) and the expected half-sib coefficient of kinship
(0.25), and that prediction accuracies were less affected
by the sires” EBV accuracies if the SC had their own
measurements. However, theoretical prediction accu-
racy of CWT from the AHA evaluation was lower than

IData Source: AHA, American Hereford Association; ASA, American
Simmental Association.

2Trait: CWT is carcass weight; FAT is back fat thickness; LMA is lon-
gissimus dorsi muscle area; MRB is marbling score.

3RTU refers to real-time ultrasound measures UFAT, ULMA and ultra-
sound intramuscular fat percentage (UIMF).

4Reduced: S3 is short for Scenario 3; S1 is short for Scenario 1.

that of Scenario 1. Since no corresponding RTU trait
was present for CWT, the lower accuracy could be ex-
plained by relatively small genetic correlations between
CWT and RTU traits (0.19, 0.45, 0.09) and between
CWT and BWT (0.31) in the AHA evaluation.

Using all the yearling RTU measurements of
SC along with their relatives’ carcass measurements
(Scenario 3), the mean theoretical prediction ac-
curacies of carcass EBV for SC were increased by
0.05~0.16 (Table 4) compared to those that were
obtained from Scenario 1. Increases were greater for
individuals with the lowest accuracies, which were
those with small numbers of carcass phenotyped rela-
tives (Fig. 3 and 4). A few SC had no carcass siblings,
and their carcass EBV from Scenario 1 were predicted
through their carcass phenotyped relatives that share
common grand sires or more distant relatives, which
caused low prediction accuracies as expected. Adding
the SC RTU information into the model narrowed the
distributions of theoretical prediction accuracies by
9.8%~62.3% (Table 5), indicative of decreased pre-
diction uncertainty and increased prediction reliability.

Square roots of heritabilities determined the the-
oretical upper bounds of prediction accuracies mea-
sured as correlations between EBV and phenotypic
records (orange dashed lines in Fig. 1 and 2). In con-
trast, we assessed the correlations between EBV and
the true breeding values (TBV) from the prediction
error variance obtained by MCMC sampling using the
MME. Results showed that the 8-trait animal model
explained phenotypic variations well from the ASA
data (Fig. 2), while a promising increase in prediction
accuracy for AHA’s MRB and CWT can be expected
if more data representing direct measurements of the
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Figure 4. Pair-wise scatter plot of theoretical prediction accuracies of EBV from Scenario 1 to Scenario 3 for the American Simmental Association
evaluation. Each point stands for an individual, and the color represents the number of its carcass phenotyped siblings. Dashed line is y = x. Abbreviations:
FAT, back fat thickness; LMA, longissimus muscle area; MRB, marbling score; CWT, carcass weight.

target trait and measurements from its genetically cor-
related traits are considered into the model (Fig. 1).
These results indicated that the accuracy of genetic
evaluation of carcass traits is significantly enhanced by
inclusion of RTU data. However, the paucity of actual
carcass data currently being collected by either AHA or
ASA would argue that selection would likely be more
effective if there was a greater extent of collection of
actual carcass data. In the past, collection of carcass
data has been problematic due to the lack of pedigree
recording in commercial herds with multisire mating,
but the relatively low cost of genotyping panels for
parentage or genomic prediction now allows much eas-
ier access to carcass data than was the case in the past.

Conclusion

In conclusion, genetic parameter estimates in-
dicated that carcass traits were moderately to highly
heritable for both AHA and ASA data. Furthermore,
similarly moderate to high heritability estimates were
obtained for fat thickness, longissimus muscle area, and
percentage of intramuscular fat measured using ultra-
sound in yearling replacement animals, for both AHA
and ASA data. Genetic correlations between carcass
traits and their ultrasound indicators were favorable
but sometimes less than currently assumed in national

evaluations. Predictions of carcass merit on potential
replacements using RTU measurements would increase
prediction accuracy by 0.05~0.16 and reduce the un-
certainty of prediction by 9.8%~62.3%. Although ultra-
sound measurements provide for genetic evaluation of a
more representative sample of cattle within populations
and an earlier estimate of carcass merit evaluation was
possible when data are available only from organized
carcass progeny tests, collection of greater numbers of
carcass measurements would improve the accuracy of
genetic evaluations in both breeds.
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