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ABSTRACT: This study evaluated the use of 
molecular breeding values (MBVs) for carcass 
traits to sort steers into quality grid and lean meat 
yield (LMY) groups. A discovery set of  2,609 ani-
mals with genotypes and carcass phenotypes was 
used to predict MBVs for LMY and marbling 
score (MBS) for 299 Angus, 181 Charolais, and 
638 Kinsella Composite steers using genomic best 
linear unbiased prediction. Steers were sorted 
in silico into four MBV groups namely Quality 
(with MBVs greater than the mean for LMY and 
MBS), Lean (with MBVs greater than the mean 
for LMY but less than or equal to the mean for 
MBS), Marbling (with MBVs greater than the 
mean for MBS but less than or equal to the mean 
for LMY), and Other (with MBVs lower than the 
mean for LMY and MBS). Carcass phenotypes 
on the steers were then collected at slaughter 
and evaluated for consistency with the assigned 
MBV groups using descriptive statistics and least 
square analysis. Accuracy of  MBV predictions 
was assessed by Pearson’s correlation between 
predicted MBV and adjusted phenotype divided 
by the square root of  trait heritability. Genomic 
breed compositions were predicted for all steers 
to correct for possible population stratification 

and breed effects in the test model. The number 
of  steers that met the expected carcass outcome 
was counted to produce actual percentages for 
each MBV group. Results showed that on aver-
age, Quality and Marbling groups had greater 
back-fat and more marbling across the three pop-
ulations while Lean group had leaner carcasses. 
Carcass weights were similar across MBV groups. 
Within MBV groups, decreases in variability were 
observed for most traits suggesting improvement 
in carcass uniformity. Greater than 70% of the 
steers in Quality, Lean, and Marbling groups 
met the Quality Grid and Y1-LMY target for 
Angus and Charolais but not for Kinsella com-
posite. The accuracy of  MBV prediction ranged 
from 0.43 to 0.59 indicating that up to 35% of 
the observed carcass trait variability can be pre-
dicted, which suggests utility of  MBV as a mark-
er-assisted management tool to sort feeder cattle 
into uniform carcass endpoint groups under sim-
ilar environmental and management conditions. 
Further investigation is warranted to evaluate 
the performance of  feeder cattle sorted based 
on MBV and managed for different carcass end-
points as well as the cost–benefit implications for 
feedlot operations.
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INTRODUCTION

The identification of feeder cattle that will pro-
duce greater carcass uniformity with acceptable 
yield and quality grade (QG) is a long-term goal 
of the beef cattle industry. In an effort to improve 
production efficiency, product uniformity, and car-
cass value, producers have applied visual inspec-
tion, individual animal weight, and ultrasound 
scan of back fat to sort incoming feedlot cattle 
into outcome groups (Basarab, et  al., 1997, 1999; 
MacDonald et al., 2006). However, these strategies 
may be biased by preferential treatment and envi-
ronmental variability especially when crossbreeding 
is used as a standard approach to produce commer-
cial cattle (Nichols et al., 2014).

One possible solution to improve product uni-
formity and quality of beef is through genomic 
characterization (Rincker et  al., 2006; DeNise 
et al., 2008; MacNeil et al., 2010). With the avail-
ability of affordable genotyping services for beef 
cattle, molecular breeding values (MBVs) of traits 
in the breeding objective can be accurately pre-
dicted for all possible candidates from dense SNP 
(Meuwissen et al., 2001). These MBVs can be used 
for preselection of individuals entering the feedlot 
station and in the decision about the optimum end-
point. This process is termed marker-assisted man-
agement which can possibly allow for earlier and 
more efficient sorting of cattle into uniform groups 
and towards a desired carcass outcome (Kononoff 
et al., 2015; Thompson et al., 2016). The objective 
of this study was to evaluate a genomic-enhanced 
sorting system that utilizes predicted MBVs of car-
cass traits to sort animals to quality grid and lean 
meat yield (LMY) groups.

MATERIALS AND METHODS

All management and procedures involving live 
animals conformed to the guidelines outlined in the 
Canadian Council on Animal Care (CCAC, 1993) 
and University of Alberta Care and Use Committee 
(AUP00000777).

Animals and Management

The animals used in this study were part of the 
Kinsella breeding project based at the  University 

of Alberta Roy Berg Kinsella Research Ranch, 
Kinsella, AB, Canada. Three beef cattle herds 
existed at the ranch at the start of the project 
including Kinsella Composite (KC; n = 420), pure-
bred Angus (AN; n = 200), and purebred Charolais 
(CH; n = 125) cows. The KC is heavily influenced 
by AN and CH breeds with infusion of Galloway 
and Hereford and other small breeds (Wang et al., 
2005; Abo-Ismail et  al., 2016). To produce the 
steers evaluated in this study, 20 KC bulls were used 
for breeding the KC cows through multi-sire group 
mating on pasture, and for the AN and CH herds 
one round of estrous synchronization and artificial 
insemination to industry registered sires was per-
formed, followed by exposure to 10 AN and 5 CH 
bulls, respectively.

Calves were born between 2013 and 2016 from 
late-March until the beginning of June, with the 
purebred herds calving slightly earlier than the KC 
herds. All calves were raised by their dams until 
weaning which occurred from mid-October to the 
end of November. Each year, all calves received a 
backgrounding diet until they entered the GrowSafe 
feed intake measurement system (GrowSafe Systems 
Ltd., Airdrie, AB, Canada) at the Kinsella Ranch. 
Feed intake was measured using a silage-based diet 
supplemented with grain depending upon which 
production stage the cattle would spend a major-
ity of their time. Typically, steers were in GrowSafe 
from April–June (KC) or July–September (AN 
and CH). All steers were managed similarly within 
their breed group (KC, AN, and CH) and received 
a single Revalor G (Merck Animal Health) growth 
implant at least 2 wk before entering the GrowSafe 
test and were fed ad libitum.

Data Collection

At birth, calves were tagged for identification 
using TypiFix ear tags (Life Technologies Inc., 
Burlington, ON, Canada), and birthdate, calving 
ease, calf  vigor, and birth weight recorded. Ear tis-
sue samples collected via the TypiFix tag were gen-
otyped on the Illumina BovineSNP50 BeadChip 
(50K; Illumina Inc, San Diego, CA) at Delta 
Genomics, Edmonton, AB, Canada. Parentage 
determination was performed for animals with 
missing sire information using DNA genotypes. 
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Each year, upon completion of the feed intake test, 
steers were slaughtered at an average age of 492 ± 
26 d for AN, 517 ± 22 d for CH, and 499 ± 30 d for 
KC, when it was determined that a majority of the 
steers in a group of 50 had >8 mm back fat as pre-
dicted from ultrasound rib eye and back-fat meas-
urement at the end of the GrowSafe test. Steers 
were slaughtered either at a commercial plant or at 
the Agriculture and Agri-Food Canada Lacombe 
abattoir. Each carcass was split and chilled for 
48  h and hot carcass weight (HCW) in kg, grade 
fat thickness (FAT) in mm, ribeye area (REA) in 
cm2, percent LMY estimated with the formula: 
LMY = 57.96 – (0.027 × HCW) + (0.202 × REA) −  
(0.703  × FAT), marbling score (MBS) measured 
as >699 = abundant, 600 to 699 = modest, 500 to 
599 = small, 400 to 499 = slight and 300 to 399 or 
less = traces, yield grade (YG) scored as Y1 = >59% 
LMY, Y2  =  54% to 58% LMY and Y3  =  <53% 
LMY and QG scored as Prime = slightly abundant, 
AAA  =  small, AA  =  slight, and A  =  traces were 
recorded as well as video grading data tied to the 
individual animal. Grading of carcass was com-
pleted by graders certified under the Canadian Beef 
Grading Agency. A  total of 1,118 steers consist-
ing of 299 AN, 181 CH, and 638 KC slaughtered 
between 2014 and 2017 were evaluated in this study.

Prediction of MBVs

MBVs for the studied traits were generated for 
all slaughtered steers (n  =  1,118) excluding their 
phenotypes and using existing records of purebred 
AN (n = 1,008), CH (n = 659), and KC (n = 942) 
animals accumulated from previous projects before 
2013 (Akanno et al., 2014; Chen et al., 2015). This 
discovery population (n  =  2,609) had 50K geno-
types and matching phenotypes for HCW, FAT, 
REA, LMY, and MBS. Descriptive statistics and 
the genomic heritability of carcass traits in the dis-
covery population are given in Table 1. To begin 
with, prediction of genomic breed composition 
was performed for the entire dataset using gen-
otypes of all animals (n  =  3,727). Here, all geno-
types were initially filtered by removing SNPs with 

minor allele frequency <0.01 and call rate <0.90 
leaving a total of 44,388 SNPs used in subsequent 
analysis. Genomic breed fractions were predicted 
for all individuals using a 10-fold cross-validation 
procedure available in the ADMIXTURE software 
(Alexander et  al., 2009) to find the best possible 
K value with the smallest cross-validation error 
(Alexander et  al., 2009), where K is the number 
of postulated ancestral populations. The resulting 
breed fractions for the target animals are shown in 
Figure 1.

Thereafter, MBVs were predicted using the 
genomic best linear unbiased prediction (GBLUP) 
implemented in a bivariate animal model (1). 
A bivariate model was chosen for convenience con-
sidering that MBVs for LMY and MBS will be used 
jointly for the sorting program:
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where yt1 and yt2 are vectors of observed trait 1 
and trait 2, respectively; bt1, bt2 are vectors of fixed 
effects for trait 1 and trait 2, respectively, includ-
ing contemporary groups based on year of birth 
and management groups, covariates of genomic 
breed fractions including AN, CH, Galloway 
and Hereford breed fractions, and covariates of 
slaughter age; gt1 and gt2 are vectors of random 
genetic effects of trait 1 and trait 2, respectively, 
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ô
 is the genetic variance–covariance 

matrix for trait 1 and trait 2.  The matrix G is 
genomic additive relationship matrix constructed 
from genotype information according to the 
method described in detail by VanRaden (2008) as 
follows: G = WW′/2Σ (pj) (1 – pj). The matrix W is 
of the order n × m (i.e., the number of individuals 
by the number of SNPs). The elements in W are 
equal to −2pj, 1 − 2pj, and 2 − 2pj for genotypes 
AA, AB, and BB, while pj is the allele frequency of 
the B allele at the jth SNP; et1 and et2 are vectors 

Table 1. The number of records (N), descriptive statistics, estimates of genomic heritability (h2 ± SE) for 
carcass traits of beef cattle in the discovery dataset

Traits N Mean SD h2 ± SE

Hot carcass weight, kg 2,178 328.42 33.17 0.43 ± 0.05

Average back fat, mm 2,171 12.48 5.08 0.39 ± 0.05

Rib eye area, cm2 2,174 83.81 11.06 0.45 ± 0.05

Lean meat yield, % 2,175 57.20 4.890 0.43 ± 0.05

Marbling scores 2,172 409.00 105.90 0.43 ± 0.05
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of random residual effects of trait 1 and trait 2, 

respectively, that is normally distributed as 
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ô
 and is the residual 

variance–covariance matrix of trait 1 and trait 2 
and I is an identity matrix; Xt1, Xt2, Zt1, and Zt2 
are design matrices for fixed and random effects, 
respectively.

Sorting of Steers and Statistical Analyses

The goal of  this study was to determine in 
silico how well MBV can be used to sort feeder 
cattle into uniform groups that meet the expected 
carcass outcome for 70:70 quality grid (70% 
AAA/Prime (MBS) and 70% Canada grade Y1/
Y2), and a Y1–LMY program. This was designed 
to simulate how genomic information could be 
used in marker-assisted management strategies 
for the feedlot. The target MBVs of  LMY and 
MBS were chosen as cattle producers are inter-
ested in a strategy that can improve carcass 
uniformity and revenue while maintaining beef 
quality and YGs (Basarab et al., 1999), and the 
choice of  the two different end-point groups 
reflects desired and slightly opposing carcass 
outcomes for production within the Canadian 
beef  cattle industry. In doing so, MBVs for LMY 
and MBS were used to sub-divide all the steers 

into four carcass endpoints. First, average MBVs 
of  LMY and MBS were determined for all ani-
mals in the target populations. Subsequently, 
steers within each of  the target populations were 
placed in silico into one of  four groups: the qual-
ity (Q) group if  their MBV values for LMY and 
MBS were greater than the average MBVs for 
LMY and MBS, respectively; the lean (L) group 
if  their MBV values for LMY were greater than 
the average MBV for LMY but their MBV values 
of  MBS were less than or equal to the average 
MBV of  MBS, the marbling (M) group if  their 
MBV values for MBS were greater than the aver-
age MBV for MBS but their MBV of  LMY were 
less than or equal to the average MBV for LMY; 
and the other (O) group if  their MBV values for 
LMY and MBS were less than the average MBVs 
for LMY and MBS, respectively (Figure 2).

As carcass phenotypes became available for all 
in silico sorted steers in the target populations, they 
were evaluated and appraised for consistency with 
the assigned group. Least square analysis was per-
formed according to model 2 for all carcass traits 
and MBV groups within each population

�

yijk = µ+ CGi + b1 (ANk) + b2 (CHk) + b3 (GAk)

+ b4 (HHk) + b5 (Kagek) + SGj + eijk

(2)
where yijk is the phenotypic observations for car-
cass trait under investigation for kth animal; µ 

Figure 1. Distribution of breed fractions in the target animals (n = 1,118). Charolais is red, Angus is blue, Galloway is green, and Hereford is 
purple. AN = Purebred Angus, CH = Purebred Charolais, KC = Kinsella Composite
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is the overall mean; CGi is the fixed effects of ith 
contemporary group based on year of birth and 
management group, b1 to b4 is the regression 
coefficients for AN, CH, Galloway, and Hereford 
breed fractions, respectively, for kth animal; b5 is 
the regression coefficient for slaughter age of kth 
animal; SGj is the fixed effect of jth MBV group; 
and eijk is the random residual effect associated 
with kth animal. Also, descriptive statistics and 
the coefficient of variations were generated within 
each breed-group population for all carcass traits 
within MBV group and for all steers. Later, the 
number of animals that reached the target end-
points in each group was counted based on indi-
vidual carcass grading for YG and QG, which was 
used to produce actual percentages for each MBV 
group.

Validation of Prediction Accuracy of Carcass 
Molecular Breeding Values

A scenario for evaluating the predictability of 
future carcass outcomes based on current carcass 
values was tested using phenotype and genotype 
of the slaughtered steers. Pearson’s correlation 
between predicted MBVs and adjusted phenotype 
of carcass traits divided by square root of herita-
bility (rMBV, ŷ/

√
h2) was computed as the genomic 

prediction accuracy of MBVs, where ŷ was the 

adjusted phenotype for the steers generated using 
the following equation:

�

yij = µ+ CGi + b1 (ANj) + b2 (CHj) + b3 (Gj)

+ b4 (HHj) + b5 (Kagej) + eij (3)
where yij is the phenotypic observations for carcass 
trait under investigation for jth animal; µ is the 
overall mean; CGi is the fixed effects of ith contem-
porary group based on year of birth and manage-
ment group, b1 to b4 is the regression coefficients 
for AN, CH, Galloway, and Hereford breed frac-
tions, respectively, for jth animal; b5 is the regres-
sion coefficient for slaughter age of jth animal; and 
eij is the random residual effect associated with jth 
animal. The slope of the regression of ŷ on MBV 
(b ŷ, MBV) was determined to measure the degree 
of bias due to genomic prediction. The estimates 
of b ŷ, MBV close to 1 are indicative of predictions 
that are similar to that of corrected phenotype on 
scale. All analyses were conducted in R statistical 
software using default packages where applicable 
(Ihaka and Gentleman, 1996) and linked to ASReml 
software (Gilmour et al., 2015) for variance com-
ponent estimation and genomic prediction.

RESULTS AND DISCUSSION

This study applied a genomic approach using 
MBVs of LMY and MBS to sort feeder cattle in 

Figure 2. Quadrant distribution of MBV-based sorting using MBVs for lean meat yield and marbling score in Angus, Charolais, and Kinsella 
Composite beef steers (n = 1,118). The horizontal and vertical lines crosses at the mean MBVs for Marbling score and lean meat yield, respectively. 
Q = quality, L = lean, M = marbling, O = other
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silico into different carcass endpoint groups. The 
target MBVs of LMY and MBS were chosen as 
cattle producers are interested in a strategy that 
can improve carcass uniformity and revenue while 
maintaining beef quality and YGs (Basarab et al., 
1999). Results of the least square analysis, means, 
standard deviations, and coefficient of variation 
for various carcass characteristics according to the 
carcass endpoint groups are summarized for AN, 
CH, and KC populations in Tables 2 to 4. Except 
for a few traits, the mean performance of the sorted 
group differed significantly (P < 0.05) among them-
selves. In general, Q and L groups had larger REA 
and LMY, and Q and M groups showed more mar-
bling across the three populations. HCWs were 
consistently similar across MBV groups in CH and 
KC but not for AN (Tables 2 to 4).

For AN steers, the genomic-enhanced sorting 
system numerically decreased variability in a major-
ity of the carcass traits by 6.1% to 29.0% in Q, by 
4.3% to 33.5% in L, by 6.7% to 32.3% in M and by 
0.8% to 34.7% in O groups, on average, compared 
with the amount of variation in the overall popula-
tion from which they were selected (Table 2). Similarly 
for CH steers, trait variability was decreased by 2.9% 

to 21.3% in Q, by 10.5% to 27.1% in L, by 8.8% to 
17.5% in M, and by 0.1 to 27.5% in O groups across 
the studied traits, on average (Table 3). On the other 
hand, the KC steers showed several instances of 
increased variability for some of the MBV groups 
across the studied traits except for MBS where varia-
bility was slightly decreased (Table 4).

One of the main objectives of this study was to 
investigate a strategy for using MBVs of valued car-
cass traits to sort feeder cattle into uniform carcass 
endpoint groups prior to their entering the feedlot, 
or as they receive a second implant in the feedlot. 
Whereas concerted research efforts were made in 
the past evaluating different feeder cattle sorting 
techniques in order to improve carcass uniformity 
(Houghton and Turlington, 1992; Sainz and Oltjen, 
1994; Basarab et  al., 1997, 1999; Kononoff et  al., 
2015), a considerable amount of variation still exists 
for most carcass characteristics resulting in price dis-
counts for finished cattle. Our in silico assessment of 
a genomic-enhanced sorting system resulted in lower 
coefficients of variation for most of the carcass traits 
than the average of the population from which they 
were selected, which suggests less trait variability and 
more uniform carcasses in the specific MBV groups.

Table 2. Number of individuals in each MBV group (N), descriptive statistics, and percent CV for carcass 
characteristics in Angus steers

Traits Group N Mean1 SD CV (%)

Hot carcass weight, kg Q—quality 78 345.51ab 36.22 10.48

 L—lean 84 334.30a 30.78 9.21

 M—marbling 101 342.84ab 30.78 8.98

 O—other 36 351.38b 33.53 9.54

 Overall 299 342.17 32.92 9.62

Average back fat, mm Q—quality 78 9.40a 2.78 29.62

 L—lean 84 8.97a 2.64 29.39

 M—marbling 101 13.77b 3.01 21.85

 O—other 36 12.68b 3.21 25.31

 Overall 299 11.16 3.60 32.25

Rib eye area, cm2 Q—quality 78 81.09a 10.06 12.40

 L—lean 84 77.40a 9.38 12.11

 M—marbling 101 71.72b 8.02 11.18

 O—other 36 72.65b 10.68 14.70

 Overall 299 75.87 10.02 13.21

Lean meat yield, % Q—quality 78 58.41a 2.83 4.85

 L—lean 84 58.34a 2.65 4.54

 M—marbling 101 53.51b 2.70 5.04

 O—other 36 53.40b 4.39 8.22

 Overall 299 56.13 3.83 6.83

Marbling scores Q—quality 78 477.38a 88.30 18.50

 L—lean 84 378.50b 55.89 14.77

 M—marbling 101 511.98a 91.49 17.87

 O—other 36 381.17a 54.13 14.20

 Overall 299 449.71 97.72 21.73

1Within columns for a given trait, means followed by the same letter are not significantly different according to Tukey (P < 0.05).
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The reduction in carcass variability for most of 
the assigned MBV groups as observed in purebred 
AN and CH steers is comparable with the findings 
of Basarab et  al. (1997) using a video image and 
real-time ultrasound technique to sort feeder cat-
tle. For these populations, efficiencies in animal 
management such as choice of hormone implant, 
energy concentration of feed, and especially days 
on feed could be planned for traits such as marbling 
that are difficult to visually inspect, and considering 
the animals that did not fit the breed norm, they 
could be removed from the pen group to achieve a 
higher premium for uniformity. Further, for com-
mercial beef cattle production, where crossbreeding 
is a standard approach, the genomic-enhanced sort-
ing system provides opportunity for sorting feeder 
cattle early in life such that they can be managed for 
different carcass endpoints. Current sorting prac-
tice in the beef cattle industry is the use of visual 
appraisal by one or several experienced animal sort-
ers, with some measure of weights that can be used 
in the sorting process, which are recorded later in 
life of the animal. The lack of consistent reductions 
in trait variability observed for MBV groups in KC 
steers suggests that genomic prediction of carcass 
outcomes in crossbred steers or the genomic sorting 

process we have used needs improvement before 
consideration for use at the industry level.

The distributions of carcass quality and YGs 
for the various MBV groups and studied popula-
tions are shown in Table 5. The percentage of AN 
steers that achieved the AAA and prime grade 
carcasses were 95.2% for Q, 52.1% for L, 91% for 
M, and 52.0% for O. Within the AAA and prime 
grade classification, the distribution of Y1 YG was 
40.5% (Q), 54.2% (L), 6.0% (M), and 16.0% (O). 
Similarly for CH, the percentage of carcasses clas-
sified as AAA and prime grade was 66.7% for Q, 
10.9% for L, 56.0% for M, and 12.9% for O which 
also showed 100.0%, 96.9%, 72.0%, and 87.1% of 
Y1 YG, respectively. In KC steers, the percentage of 
carcasses that achieved AAA and Y1 grades were 
generally low ranging from 43.8% to 66.2% and 
from 33.1% to 46.0%, respectively, across the MBV 
groups.

The high level of  marbling achieved in Q 
(95.2%) and M (91.0%) for AN steers and the high 
amount of  lean achieved in all MBV groups (72% 
to 100%) for CH steers are typical of  these breeds 
and corroborates known differences between 
British and Continental cattle breeds. One cri-
terion for judging the effectiveness of  the feeder 

Table 3. Number of individuals in each MBV group (N), descriptive statistics, and percent CV for carcass 
characteristics in Charolais steers

Traits Group N Mean SD CV (%)

Hot carcass weight, kg Q—Quality 22 379.45ns 25.42 6.70

 L—Lean 89 384.89ns 29.63 7.70

 M—Marbling 30 385.73ns 32.22 8.35

 O—Other 40 385.25ns 28.25 7.33

 Overall 181 384.45 29.13 7.58

Average back fat, mm Q—Quality 22 5.93a 2.46 41.56

 L—Lean 89 5.65a 2.17 38.31

 M—Marbling 30 8.72b 3.23 37.04

 O—Other 40 8.48b 2.92 34.51

 Overall 181 6.82 2.92 42.80

Rib eye area, cm2 Q—Quality 22 99.93a 9.74 9.75

 L—Lean 89 97.29a 9.48 9.75

 M—Marbling 30 88.26b 8.07 9.15

 O—Other 40 88.19b 9.77 11.08

 Overall 181 94.10 10.43 11.09

Lean meat yield, % Q—Quality 22 63.73a 2.67 4.18

 L—Lean 89 63.25a 2.34 3.69

 M—Marbling 30 59.48b 2.68 4.50

 O—Other 40 59.42b 2.62 4.42

 Overall 181 61.85 3.13 5.05

Marbling scores Q—Quality 22 432.09a 55.09 12.75

 L—Lean 89 353.45b 41.74 11.81

 M—Marbling 30 432.47a 63.93 14.78

 O—Other 40 340.13b 39.93 11.74

 Overall 181 373.16 60.46 16.20

1Within columns for a given trait, means followed by the same letter are not significantly different according to Tukey (P < 0.05), ns = nonsignificant.



1073Genome-based sorting system for cattle

cattle sorting program was the percentage of  car-
casses that reached the expected endpoint target of 
70:70 quality grid (>70% Y1/Y2 and AAA/Prime) 
and Y1-LMY (>70% Y1) program. In general, 

carcasses from the AN steers met the quality grid 
target in the Q and M groups while carcasses 
from the CH steers met the Y1-LMY target in all 
MBV groups. None of  the carcasses from the KC 

Table 4. Number of individuals in each MBV group (N), descriptive statistics, and percent CV for carcass 
characteristics in Kinsella Composite steers

Traits Group N Mean SD CV (%)

Hot carcass weight, kg Q—quality 104 349.77ns 30.54 8.73

 L—lean 180 353.42ns 32.02 9.06

 M—marbling 188 339.59ns 32.39 9.54

 O—other 166 346.01ns 31.57 9.12

 Overall 638 346.83 32.16 9.27

Average back fat, mm Q—quality 104 11.10a 4.12 37.15

 L—lean 180 10.30b 4.46 43.26

 M—marbling 188 10.96b 3.94 35.98

 O—other 166 11.96a 4.59 38.39

 Overall 638 11.06 4.33 39.14

Rib eye area, cm2 Q—quality 104 80.41a 10.39 12.92

 L—lean 180 83.37a 10.71 12.85

 M—marbling 188 78.25b 9.44 12.07

 O—other 166 79.21b 10.01 12.64

 Overall 638 80.32 10.30 12.83

Lean meat yield, % Q—quality 104 57.04a 4.11 7.20

 L—lean 180 58.02b 4.33 7.47

 M—marbling 188 57.05a 3.58 6.28

 O—other 166 56.40a 4.28 7.59

 Overall 638 57.16 4.11 7.18

Marbling scores Q—Quality 104 406.36a 81.50 20.06

 L—Lean 180 380.47b 77.45 20.36

 M—Marbling 188 417.41a 77.16 18.49

 O—Other 166 379.78a 86.13 22.68

 Overall 638 395.36 81.97 20.73

1Within columns for a given trait, means followed by the same letter are not significantly different according to Tukey (P < 0.05), ns = nonsignificant.

Table 5. Effect of genomic-enhanced sorting on the percentage of steers that reached the target endpoint of 
70:70 quality grid (>70% AAA/Prime and Y1/Y2) and Y1-lean meat yield (>70% Y1) program

          Percentage (%)

Breed Group1 N1 Prime/AAA AA A B4 Y1 Y2 Y3 Prime/AAA Y1

Angus Q—quality 42 40 1 1 0 17 24 1 95.2 40.5

 L—lean 48 25 21 1 1 26 22 0 52.1 54.2

 M—marbling 67 61 5 0 1 4 45 18 91.0 6.0

 O—other 25 13 12 0 0 4 17 4 52.0 16.0

 Overall 182 139 39 2 2 51 108 23 76.4 28.0

Charolais Q—quality 12 8 3 0 1 12 0 0 66.7 100.0

 L—lean 64 7 48 7 2 62 2 0 10.9 96.9

 M—marbling 25 14 10 1 0 18 7 0 56.0 72.0

 O—other 31 4 24 3 0 27 4 0 12.9 87.1

 Overall 132 33 85 11 3 119 13 0 25.0 90.2

Kinsella Composite Q—quality 84 53 29 2 0 32 42 10 63.1 38.1

 L—lean 137 60 70 5 2 63 58 16 43.8 46.0

 M—marbling 142 94 44 1 3 47 78 17 66.2 33.1

 O—other 121 55 56 9 1 40 60 21 45.5 33.1

 Overall 484 262 199 17 6 182 238 64 54.1 37.6

1N is the number of steers that were graded for quality and yield grade by graders certified under the Canadian Beef Grading Agency.
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steers met the desired carcass outcome in all MBV 
groups. This improvement in carcass quality and 
YG for sorted purebred AN and CH steers when 
using a genomic-enhanced sorting system war-
rants further investigation into the cost–benefit 
implications for feedlot operations.

This study also evaluated the accuracy of 
genomic prediction of future carcass outcomes 
based on MBV scores of slaughtered steers for each 
trait (Table 6). The results showed that genomic pre-
diction accuracy obtained as Pearson’s correlation 
between predicted MBV and adjusted phenotype 
ranged from 0.53 for HCW to 0.59 for FAT, This 
accuracy of MBV predictions agrees with the results 
of earlier studies using a similar beef cattle popula-
tion (Akanno et al., 2014, 2018; Chen et al., 2015). 
These moderately high genomic accuracies reflect the 
strong genetic ties between animals in the discovery 
set and the target population. For example, all ani-
mals in the target population are direct descendants 
of key ancestors in the discovery set for all three pop-
ulations. However, the coefficients of regression of 
adjusted phenotypes on MBV ranged from 0.64 for 
FAT to 0.81 for MBS which are slightly lower than 1 
across all traits (Table 6), indicating that the MBVs 
used in the sorting program were likely underesti-
mated from their true breeding values.

Nevertheless, the accuracies of MBVs indicate 
that the MBV scores can predict up to 35% vari-
ance of the expected carcass endpoints. As shown 
in this study, the levels of MBV accuracy observed 
suggest utility of MBV as a marker-assisted man-
agement tool to sort feeder cattle into uniform 
carcass endpoint groups under similar environmen-
tal and management conditions. Thus, the MBVs 
generated by GBLUP using the existing reference 
dataset can potentially aid a marker-assisted man-
agement program for beef cattle.

CONCLUSIONS

This study utilized genomic tools to evaluate 
a strategy for sorting feeder cattle into uniform 

carcass endpoints and to ascertain the effectiveness 
of this technique for feedlot operations. In general, 
quality and lean groups had larger REA and LMY, 
while quality and marbling groups displayed higher 
marbling across the three populations. Decreases 
in trait variability were observed for the majority 
of the MBV groups within the AN and CH pure-
bred populations, which suggest that more uniform 
carcasses resulted from the sorting program. For 
the KC crossbred population, the use of MBV to 
sort steers into carcass outcome groups needs to 
be refined before becoming an effective tool for 
the beef industry. Carcasses from AN steers met 
the expected quality grid target for the Quality and 
Marbling groups while carcasses from CH steers 
met the Y1-LMY target in all MBV groups which 
is typical of these breeds. The accuracy of genomic 
prediction showed that the MBVs could predict 
up to 35% of the observed carcass trait variability 
thus, can potentially aid a genome-based sorting 
program for feedlot operations under similar envi-
ronmental and management conditions. Further 
investigation is warranted to evaluate the perfor-
mance of feeder cattle sorted based on MBV and 
managed for different carcass endpoints as well as 
the cost–benefit implications for feedlot operations.
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