
  

EFFECTS OF SELECTION ON HIGHLY HERITABLE TRAITS 
 

IN PUREBRED AND HYBRID BEEF CATTLE 
 

by 
 

MISSY LYNN TEAGUE, B.S. 
 
 

A THESIS 
 

IN 
 

ANIMAL SCIENCE 
 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 
 

MASTER OF SCIENCE 
 
 

Approved 
 
 

Jay W. Johnson 
Chairperson of the Committee 

 
 

John Blanton 
 
 
 

Samuel Prien 
 

 
Accepted 

 
 

John Borrelli 
Dean of the Graduate School 

 
August, 2005 

 
Copyright 2005, Missy Lynn Teague 



 ii 
 

ACKNOWLEDGMENTS 

 

I would like to thank the R.A. Brown Ranch, Throckmorton, TX, and Donnell 

Brown and the American Gelbvieh Association for supplying the data for this research.  I 

would also like to thank the American Angus Association and Sally Northcutt, the Red 

Angus Association of America and Larry Keenan, and the American Simmental 

Association for helping me piece together the years of data and promptly answering my 

questions, though I know you all were busy.  I would like to thank Dr. Jay Johnson for 

pushing me through the unknowns of graduate school even when I did not know what I 

was doing or why I was doing it.  I would also like to thank Dr. Sam Prien and Dr. John 

Blanton for serving on my committee.  Their guidance was greatly appreciated.  I would 

also like to thank the following graduate students for their help with this project, 

especially with the statistics:  Kory Evenson, Mark Anderson, and Ashlie Bowen.  I 

especially appreciate the friendship and support of Kory Evenson.  I am glad I did not 

have to go through this process alone.   

I would like to thank the people that have always supported me and believed in 

me no matter what: my family, particularly my parents, Jeff and Lisa.  I would especially 

like to thank John Mark for keeping me grounded and my priorities in check and 

providing an escape for me so I would not go crazy.  I do not know if I could have made 

it without his support and encouragement.  To all the people that have given me 

encouragement and confidence over the years, I thank you. 

 



 iii 
 

TABLE OF CONTENTS 

 

ACKNOWLEDGMENTS        ii 

ABSTRACT          iv 

LIST OF FIGURES         v 

CHAPTER 

I. INTRODUCTION       1 

II. REVIEW OF LITERATURE      2 

III. MATERIALS AND METHODS     42 

IV. RESULTS AND DISCUSSION     45 

V. SUMMARY AND CONCLUSION     48 

LITERATURE CITED        57 

 

 

 

 

 

 

 

 

 

 



 iv 
 

ABSTRACT 

 

Consumers are demanding meat products that have specific characteristics, 

particularly in terms of meat quality.  Thus, the beef industry faces the challenge of 

consistently producing cattle that yield meat products of desirable quality.  This is a 

difficult goal because of the large intra- and interbreed variability among beef cattle 

breeds.  Great variation exists between breeds for both carcass composition and meat 

quality traits.  These differences are important genetic resources for improving 

production efficiency and meat quality.  Because of strong genetic antagonisms (-.56) 

between marbling and retail product percentage, there is limited opportunity to select 

within breeds to achieve high levels of both these traits.  Crossbreeding offers two 

primary advantages relative to the use of only one breed: heterosis and breed 

complementarity.  Although research has shown little effects of heterosis on carcass and 

beef quality attributes, crossbreeding can still be utilized to take full advantage of the 

strengths of two or more breeds through breed complementarity.  Because marbling and 

other carcass attributes are highly heritable (.30 - .50), these traits will more quickly 

respond to selection.  Therefore, accurate identification and selection of the most elite 

animals within a population is essential in maximizing genetic progress. An acceptable 

approach for genetic improvement among antagonistic traits utilizing systematic 

crossbreeding is to first evaluate breed or breed type followed by within breed selection.  
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CHAPTER I 

INTRODUCTION 

 

For the beef cattle producer, changes associated with retained ownership, 

alliances, grid pricing, niche markets, and branded products have resulted in increased 

emphasis on traits that determine carcass merit (Shanks et al., 2001).  Consumers are 

demanding meat products that have specific characteristics, particularly in terms of meat 

quality traits.  Thus, the beef industry faces the challenge of consistently producing cattle 

that yield meat products of desirable quality.  However, given the large intrabreed and 

interbreed variability for carcass traits in beef cattle herds, this is a difficult goal (Elzo et 

al., 1998). 

 No single cattle breed has all attributes that are needed to produce beef efficiently 

in all environments, nor can any single breed meet the requirements of all markets.  

Further, great variation exists between breeds in performance for both productive and 

adaptive traits.  Therefore, appropriate use of systematic crossbreeding programs 

provides significant benefits to beef producers in both temperate (e.g. Cundiff and 

Gregory, 1999) and tropical (e.g. Frisch, 1997) environments. 
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CHAPTER II 

REVIEW OF LITERATURE 

 

Genetic Trend 

The National Beef Market Basket Survey (Savell et al., 1991) and the National 

Beef Tenderness Survey (Morgan et al., 1991) documented wide variation in beef 

composition and palatability traits at the retail level in the United States (Lorenzen et al., 

1993).  In addition, Savell et al. (1989) found that consumers consider retail cuts with 

excessive external fat wasteful, low in taste, and unhealthful.  Savell (1992) and Griffin 

(1992) estimated that the United States lost $219.25 for every steer and heifer slaughtered 

in 1991 as a direct result of excessive fat production (Lorenzen et al., 1993).  During the 

seventeen years since the USDA Market Consist Report of 1973-1974, the beef industry 

has seen numerous changes, ranging from the influence of Continental European breeds 

to the diet and health concerns of consumers (Lorenzen et al., 1993).  Unfortunately, 

since the 1970s, cattle have been fed to heavier weights with the same degree of 

subcutaneous fat and with less marbling, resulting in lower quality grades today 

(Lorenzen et al., 1993). 

The National Beef Quality Audit � 1991 was conducted to serve as a benchmark 

as to where the beef industry was in reference to what was being produced.  Sixteen  

means for USDA yield grade (YG) traits were as follows: USDA yield grade, 3.1; carcass 

weight, 344.7 kg; adjusted fat thickness, 1.5 cm; longissimus muscle area, 83.4 cm; and 
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KPH percentage, 2.2.  Of the carcasses sampled, 10.0% were YG1, 33.9% were YG2, 

39.6% were YG3, 13.6% were YG4, and 2.9% were YG5 (Lorenzen et al., 1993). 

Mean USDA quality grade traits were as follows: quality grade, select 86, 

marbling score, small 24, lean maturity, A 63, skeletal maturity, A 75, and overall 

maturity, A 69.  The frequency distribution for quality grades was as follows: Prime, 

2.3%; Choice, 52.7%; Select, 36.9%; Standard, 7.6%; Commercial, .2%; Utility, .1%; and 

Canner, .2% in the sampled population (Lorenzen et al., 1993). 

Genetic trend for carcass traits based on actual slaughter carcass data in the Fall 

2003 Angus Sire Evaluation revealed how quickly Angus breeders have applied selection 

pressure to change carcass marbling and ribeye area.  Angus sires born in recent years 

clearly have greater levels of genetic marbling and ribeye area as opposed to sires born in 

the early nineties (American Angus Association, 2003). 

Sire evaluation in beef cattle is currently based on information primarily taken on 

purebred progeny, and comparisons among expected progeny differences (EPDs) of sires 

are only valid within a particular breed.  However, proven sires from the various breeds 

are used in crossbreeding systems by commercial beef cattle producers.  Thus, 

development of an across-breed comparison of sire EPD potentially would allow 

commercial beef cattle producers to make appropriate choices of breeds as well as sires to 

better fit a particular production environment (Nunez-Dominguez et al., 1993). 
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Between-breed and Within-breed Variation 

Genetic variation in both quantity and quality of beef is evident through 

differences between breeds and crossbreeds, and between sires within a breed.  Further, 

within-breed variation includes additive genetic effects on other economically important 

productive and adaptive traits that affect beef production (Burrow, 2001). 

 Genetic variation between breeds is of similar magnitude to genetic variation 

within breeds for many economically important traits.  Differences between breeds are 

significant, and large, for most carcass and beef quality attributes, including beef 

tenderness (Burrow, 2001). 

Large differences exist among breeds for carcass composition and significant 

differences exist among breeds in longissimus muscle palatability attributes (Gregory et 

al., 1994).  Perhaps the largest experimental crossbreeding program ever undertaken in 

temperate environments has been ongoing at the US Meat Animal Research Centre 

(MARC) in Nebraska since 1970.  Results from the Germplasm Evaluation Program 

(GPE) at MARC provide evidence that genetic variation within breeds exists for many 

bioeconomic traits (Cundiff and Gregory, 1999) and that genetic variation between 

breeds is similar in magnitude (Burrow et al., 2001).  Further, for both retail beef yield 

percentage and USDA marbling score, the between-breed variation was larger than the 

within-breed variation.  Sire breed differences were demonstrated for final weight, 

carcass weight, fat thickness, marbling, and beef yield traits. 

 A literature review by Burrow in which the effects of breeds and crossbreeding 

were determined on body composition; specifically marbling and retail beef yield 
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percentage, revealed that breeds superior for retail beef yield percentage produce 

carcasses with low levels of marbling and vice versa.  Between breed groups, a strong 

antagonism was evident between marbling score and beef yield percentage (Burrow, 

2001).   

 Separate evaluations for breed or breed type, followed by within-breed selection 

may be an effective approach for genetic improvement in systematic crossbreeding 

programs.  For many traits, such as beef tenderness and palatability, between-breed 

differences may be more easily exploited than within-breed differences because 

exceptional breeds are easier to identify than exceptional animals.  For traits with large 

breed differences, such as retail beef yield and marbling, selection of the proper breed 

should be done before selection within a breed (Burrow, 2001). 

 

Breed Profile 

Great variation exists between breeds in performance for both productive and 

adaptive traits.  Variation also exists among breeds in performance in different 

environments.  British and European breed groups have the best growth and fertility rates 

of the purebreds in temperate environments (Burrow, 2001).  In tropical environments 

though, they are unable to express the same levels of performance, due to their poor 

resistance to ticks, worms, disease, heat and drought (Burrow, 2001). 

In a study comparing breeds for growth traits adjusted for within-breed genetic 

trend using expected progeny differences, Nunez-Dominguez (1993) found that Angus 

and Polled Hereford had the lowest birth weight and Simmental, Charolais, and Maine-
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Anjou had the highest.  At weaning, Hereford, Polled Hereford, and Angus were ≥ 5 kg 

lighter than the average of all breeds and Maine-Anjou, Chianina, and Gelbvieh were ≥ 

4.5 kg above the average.  Ranking of breeds was similar to that described by  Cundiff et 

al. (1986).  For yearling weight, Polled Hereford, Hereford, and Tarentaise averaged > 10 

kg below the mean of all breeds, and Gelbvieh, Simmental, and Charolais ranked highest, 

being ≥ 10 kg above the mean.  Among continental European breeds, Gelbvieh, 

Tarentaise, and Simmental had the largest and Limousin and Charolais the smallest 

maternal effects on weaning weight among three-breed-cross progeny.  This was 

expected because the first three breeds have a history of selection for milk production, 

whereas Limousin and Charolais have been selected for meat production or draft (Cundiff 

et al., 1986).  In this study the breed maternal EPD for Hereford was larger than that for 

Angus, which is inconsistent with others that have shown a larger maternal effect for 

Angus than for Hereford.  There is some indication of greater genetic trend for milk in 

the Hereford breed than in the Angus breed, particularly during the period 1975 to 1985 

(AAA, 1991; AHA, 1991). 

When carcasses and beef quality traits are considered, breeds that are superior for 

retail beef yield percentage produce carcasses with low marbling scores (Burrow, 2001).  

European breed steers excel in retail product yield but have difficulty grading USDA 

Choice because of lower levels of marbling.  British breeds excel in USDA carcass 

quality grade due to their high levels of marbling but have excessive fat thickness and 

percentage fat trim and significantly reduced retail product yield than do the European 
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breeds.  In tenderness evaluated by shear force, British breeds had slightly more 

favorable (lower) values than the European breeds (Burrow, 2001). 

Age-constant carcass weight and longissimus muscle area are influenced by size 

and growth rate differences, compared to backfat-constant measures, which are 

influenced by rate of backfat deposition.  Therefore, genetically faster growing, muscular 

steers have less total body fat of which marbling is a constituent (Devitt and Wilton, 

2001). 

The results of Wheeler et al. (2001), and those of previously published cycles of 

GPE (Koch et al., 1976; 1979; 1982b; Wheeler et al., 1996), indicate that there are a few 

breeds that on average tend to produce more tender and a few breeds that on average tend 

to produce less tender longissimus, but a majority of breeds are not different from one 

another in longissimus tenderness (Wheeler et al., 2001). 

Charolais ranked first among sire breeds for carcass weight, followed by Salers, 

current MARC GPE HAx, Shorthorn, and Maine Anjou.  Longhorn and Jersey ranked 

lightest for carcass weight.  Piedmontese-sired cattle had the least external fat depth, 

followed by Chianina, MARC GPE Charolais, and Longhorn.  Calves sired by Angus, 

MARC GPE HAx, Beefmaster, Hereford, and Santa Gertrudis had the thickest fat cover.  

Jersey, Red Angus, Angus, Shorthorn, and South Devon ranked highest for marbling, 

whereas Chianina, non-MARC GPE Charolais, Brahman, Limousin, and Sahiwal ranked 

lowest.  Piedmontese easily ranked first for longissimus muscle area, followed by 

Chianina, Charolais groups, Maine Anjou, and Limousin.  The MARC GPE current 

Charolais ranked first for retail product weight, followed by MARC GPE original 
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Charolais, Piedmontese, Chianina, Holstein, Salers, and Maine Anjou.  Piedmontese and 

Chianina ranked highest for estimated cutability, followed by Limousin, Maine Anjou, 

MARC GPE Charolais, Gelbvieh, Simmental, and Longhorn.  Angus, MARC GPE HAx, 

Hereford, Jersey, Red Poll, Shorthorn, and Brahman ranked lowest for estimated 

cutability.  For Angus, Hereford, Charolais, and Brahman, respectively, DeRouen et al. 

(1992) reported direct additive breed effects of .73, .18, -.14, and -.77 for marbling score. 

Gregory et al. (1994) found that cattle of high Bos indicus content had lower 

marbling scores at a given age and produced less tender and more variable steaks than 

Bos taurus breeds in a series of studies in which one objective was to evaluate differences 

among parental breeds in growth, carcass, and meat traits of castrate males (Koch et al., 

1982; Crouse et al., 1989; DeRouen et al., 1992; Wheeler et al. 1994; Barkhouse et al., 

1996).  In general, average marbling scores of Bos indicus breeds are consistently lower 

than those of British-origin breeds but similar to those of several continental European 

breeds at a common slaughter age or time in feedlot (Marshall, 1994).  For marbling 

score, Limousin ranked lowest (P<0.05) but not lower than Gelbvieh (P>0.05).  Angus 

was highest (P<0.05) but not higher than Red Poll, Hereford, and Pinzguaer (P>0.05).  

Braunvieh, Simmental, and Charolais were intermediate in marbling score and were not 

different from each other (P>0.05; Gregory et al., 1994).  Retail product and carcass lean 

weight reflect differences among parental breeds in lean tissue growth rate.  Limousin, 

Simmental, Charolais, and Gelbvieh were similar (P>0.05) in retail product and carcass 

lean weight at 0 mm fat trim.  The Hereford breed was lowest (P<0.05) of all groups in 

retail product weight and in carcass lean weight, followed by Angus and Red Poll, which 
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did not differ from each other (P>0.05).  The difference between the Braunvieh and 

Pinzguaer in retail product weight and in carcass lean weight approached significance, 

with the Braunvieh approaching the Limousin, Simmental, Charolais, and Gelbvieh 

(Gregory et al., 1994).   

 No single sire breed excels in all economically important traits (Wheeler et al., 

2001).  Breed differences in production traits are important genetic resources for 

improving beef production efficiency and meat composition and quality.  Because no 

single breed excels in all traits that are important to beef production, diverse breeds are 

required to exploit heterosis and complementarity through crossbreeding and to match 

genetic potential with diverse markets, feed resources, and climates (Wheeler et al., 

2001). 

 Among breed-differences may be more easily exploited than within-breed 

differences, being that among-breed differences are more highly heritable and more 

easily identified and less time is required to determine them (Wheeler et al., 2001). 

 

Correlations 

Jim Gosey, extension beef specialist at the University of Nebraska, Lincoln, 

acknowledged the need to explore the antagonisms that exist between carcass traits and 

other reproduction and production traits (Gosey, 1997).  This problem has been partially 

offset as a result of the increasing amount of data in recent years from the growing 

number of bulls within breeds that have genetic estimates (EPDs) for carcass traits.   
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 Genetic correlation (rg) estimates the impact that selection for one trait would 

have on a second trait (Gosey, 1997).  Correlation occurs because some genes have 

multiple effects and inevitably affect other traits.  Some carcass traits like marbling and 

leanness are negatively correlated to each other and to other traits of economic 

importance. In a review of literature, Marshall (1994) reported genetic correlations of 

marbling with cutability or retail yield ranging from moderately negative to slightly 

positive.  Phenotypic correlations of marbling with fat thickness or cutability were 

consistent in the direction of an antagonism and were small to moderate in magnitude.   

These antagonistic correlations make selection more difficult and the response to 

selection smaller and slower to achieve.  The genetic correlation, summarized from 

published literature, between ultrasound intramuscular fat percentage (UIMF) percentage 

and ultrasound ribeye area (range of -0.12 to -0.01) averaged -0.07 (Bertrand et al., 

2001).  Bertrand et al (2001) also reported an average genetic correlation of -0.01 (range 

of -0.37 to 0.51) between carcass ribeye area and marbling score from 10 published 

literature reports.  The genetic correlation between marbling and ribeye area is -.21 

(Koots et al., 1994).  The genetic correlation of marbling with percentage of retail 

product (-.56) reveals a high genetic antagonism between these traits (Gregory et al., 

1994). This unfavorable genetic correlation will slow response to selection for both traits 

in each pair, and therefore leads one to the conclusion that there is limited opportunity to 

select within breeds to achieve high levels of marbling and high levels of fat in the 

longissimus muscle while simultaneously achieving a high percentage of retail product in 

the carcass (Gregory et al., 1994). Inconsistent with the previously described research is 
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work by Shanks et al. (2001), who reported a genetic correlation between longissimus 

muscle area and marbling score to be moderate and positive at age and fat thickness end 

points but smaller on a weight-constant basis. 

Correlations among breed group means were generally high for measures of 

fatness with palatability attributes and were high and negative for percentage of retail 

product with marbling score and with other measures of fatness (Gregory et al., 1994).     

 Marbling is an estimate of fatness within the muscle (intramuscular) and is related 

to subcutaneous fat (backfat).  As a result, backfat adjustment of marbling may remove a 

portion of the variance that is not removed by age or weight adjustment.  However, the 

moderately high heritability estimate of backfat-constant marbling (0.30) suggests that 

genetic change may be possible independent of changes in backfat thickness (Devitt and 

Wilton, 2001). 

 The genetic correlation between marbling and backfat was .19, but the highest 

correlations for marbling were with relative growth rate (RGR) and total average daily 

gain (TADG), .62 and .54, respectively.  The genetic correlation between ultrasound 

measures of backfat (USFAT) and ultrasound measures of longissimus muscle area 

(USREA) in the weight-adjusted data was .39 (Arnold et al., 1991). 

Arnold et al. (1991) observed that the highest genetic correlations for marbling 

were with relative growth rate and total daily gain from weaning to slaughter.  Arnold et 

al. (1991) inferred that animals that mature more quickly might deposit marbling at a 

higher rate than those that mature more slowly. Iowa�s work with Angus cattle observed 

that the genetic correlation between marbling score and external backfat at the 12th rib is 
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nearly zero. The low correlation of subcutaneous fat and intramuscular fat indicates that 

these depots accumulate lipid stores independently rather than sequentially (Brethour, 

2000).  This means that breeders can select for increased marbling and not have to select 

for increased external fat when taking animals to an age-constant end point. Therefore, 

within breed, marbling EPD can be used to select sires that will produce progeny with 

more marbling at a constant fat and age endpoint.   

 Some concern has been raised about the effect of selecting for carcass traits on 

other production traits, specifically, the relationship to growth and other carcass traits 

(Vieselmeyer et al., 1996).  Intensive selection for carcass merit and leanness may cause 

adverse correlated responses in other traits, especially reproduction, which could have a 

strong negative effect on overall herd productivity (Arnold et al., 1991). 

 Previous literature indicates that the genetic correlation of marbling score and fat 

thickness on live growth traits is low (Koch et al., 1982; Benyshek et al., 1988; Shimada 

and Willham et al., 1992; Wilson et al., 1993) (Vieselmeyer et al., 1996).  Genetic 

correlations between carcass traits were close to 0, which indicated that selection for one                           

carcass characteristic may have little effect on another (Moser et al., 1998).  The estimate 

of the genetic correlation between carcass backfat (CARCFAT) and carcass longissimus 

muscle area (CARCLMA) was -.05.  Other studies have reported heritability estimates 

ranging from -.06 - -.44 (Koch et al., 1982; Arnold et al., 1991; Wilson et al., 1993; and 

Gregory et al., 1995).  However, since 1982, significant increases in frame size and 

growth rate of slaughter cattle have been made, while fat thickness has remained constant 

(Moser et al., 1998).   
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 In a study evaluating carcass traits in Simmental-sired cattle, Shanks et al. (2001) 

concluded that percentage retail cuts had no genetic association with marbling score.  

However, studies reviewed by Koots et al.(1994a), Marshall (1994), and Shanks (1999) 

found small to moderate negative correlations between cutability or retail product 

percentage and marbling score.  Wheeler et al. (1996) reported the correlation between 

yield grade and marbling score to be 0.32 (age constant), whereas Wulf et al. (1996) 

found it to be near zero (fat constant). 

In a study by Moser et al. (1998) examining the genetic relationship between 

carcass measurements in fed cattle and ultrasound measurements in yearling breeding 

animals, USFAT had a positive, but weak genetic correlation with USLMA (.13) and 

with yearling weight (.11), which indicated that selection for growth and muscling will 

likely not change fat thickness in breeding animals.  

 Phenotypic correlations between USFAT and USLMA, USFAT and yearling 

weight (YWT), and USLMA and YWT were .11, .13, and .41, respectively.  The genetic 

correlation between CARCLMA and USLMA was also favorable, estimated at .66 

(Moser et al., 1998). 

 Cundiff et al. (1971) concluded that selection for estimated cutability would be 

effective in improving actual proportion of retail product. However, such selection 

clearly would lead to reduced marbling and carcass quality grade.  More recent research 

indicated that cattle can be selected for growth or increased retail product and reduced 

external fat without sacrificing marbling traits (Shimada and Willham, 1992; Woodward 

et al., 1992; Wilson et al., 1993). 
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Benefits of Crossbreeding and Heterosis 

Selection to jointly improve antagonistic carcass traits like marbling and muscling 

within a single breed is difficult.  There are �outlier� or �curve-bender� bulls that defy 

some of the antagonisms between traits, but they are rare and, short of artificial 

insemination, do not exist in sufficient number to have immediate impact on the 

commercial segment of the beef industry.  For example, in the Fall 2003 Angus Sire 

Evaluation there were 3, 172 sires listed but only four of these bulls were at least three 

standard deviations (top 1 percent of bulls) above breed average for both marbling and 

ribeye area (American Angus Association, 2003).  

Crossbreeding beef cattle offers two primary advantages relative to the use of 

only one breed: 1) crossbred animals exhibit heterosis (HV), and 2) crossbred animals 

combine the strengths of the various breeds used to form the cross.  Genetic theory and 

the effects of crossbreeding is well established, in particular concerning the exploitation 

of non-additive genetic effects in improving mean levels of performance (Meyer et a., 

1993).  Heterosis is defined as the increase in performance of hybrids over the average of 

parental types.  Results from Pariacote et al. (1998) support the hypothesis that 

inbreeding depression on preweaning traits in beef cattle is due mainly to a loss in 

heterozygosity that occurs in formation of lines and that heterosis is basically recovery of 

that depression.  Although favorable in most cases, it can also have detrimental effects 

such as increased birth weights of F1 Brahman X British calves out of British breed dams 

(Burrows, 2001).  Heterosis is caused by nonadditive effects of genes such as dominance 

and epistasis and can be seen through individual animal and maternal effects of crossbred 
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dams on the trait (Burrows, 2001).  Heterosis has the greatest effects on reproduction 

efficiency, which is significantly important for commercial breeding systems, and 

perhaps the most important advantage of crossbreeding is realized in the crossbred cow.  

Maternal heterosis results in improvements in cow fertility, calf livability, calf weaning 

weight, and cow longevity.  Crossbreeding is effective for increasing calf production by 

improving maternal abilities or growth traits of the calves (Cundiff et al., 1992; Lamb et 

al., 1992).  Breed differences and heterosis effects have been found for carcass 

characteristics associated with growth (Long, 1980).  The greatest degree of heterosis is 

expressed between matings of more genetically diverse breeds, such as Bos Taurus X Bos 

indicus breeds.  However, Cundiff et al. (1986) indicated that the assumption of 

comparable heterosis effects among Bos taurus crosses is reasonably valid. 

 Heterosis achieved through continuous crossbreeding can be used to increase 

weight of calf weaned per cow exposed to breeding by 20% as compared to purebreds 

(Gregory and Cundiff, 1980).  Davis et al. (1998) estimated the individual and maternal 

heterosis and breed additive effects for calf traits from straightbred and crossbred 

Hereford, Tarentaise, and reciprocal-cross dams. Calf prebreeding, postbreeding, and 

weaning weight and average daily gain were increased significantly by individual and 

maternal heterosis (P<.01).  Percentage of individual heterosis increased at each weigh 

period, but maternal heterosis were higher earlier in the life of the calf and decreased in 

value as calves became older.  Newman et al. (1993b) did not find significant amounts of 

individual or maternal heterosis for weaning weight or average daily gain in their study 

involving Charolais X Tarentaise crosses, but Kress et al. (1992) found significant 
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maternal heterosis for prebreeding, postweaning, and weaning weight for cattle from 

Hereford, Angus, and Simmental breeding.  The amount of heterosis observed from 

crossing Hereford and Tarentaise cattle was similar to that found from crossing other Bos 

taurus breeds. 

Cundiff and Gregory (1999) summarized estimates of heterosis for a number of 

traits and from many studies throughout the United States.  Heterosis effects were 

greatest for traits such as longevity, reproduction rate, and lifetime production.  Effects of 

heterosis on carcass and beef quality attributes in all studies were relatively small (less 

than 3%), and generally, heterosis observed for carcass characteristics was through 

heterotic effects on weight.  Individual heterosis for marbling and retail beef yield 

percentage was 3.8% and -0.6%, respectively, while maternal heterosis for those same 

traits was -1.1% and -2.5%, respectively.  Marshall (1994) reported heterosis estimates 

that tended to be numerically positive and small to modest in magnitude for most carcass 

traits, excluding fat thickness.  Averaged across 8 studies, the individual heterosis 

estimates for carcass weight, quality grade, marbling, longissimus muscle area, estimated 

cutability, and yield grade were 6.5, 1.6, 3.8, 4.1, -0.6 and 5.4, respectively (Marshall, 

1994).  Maternal effects were generally not important for carcass and beef quality 

attributes (Gregory et al., 1978; Johnston et al., 1992b; Cundiff and Gregory, 1999).  

Maternal heterosis estimates were generally positive and relatively large for fatness traits, 

ranging from 8.9% for fat depth to 12.7% for fat trim percentage, but tended to be small 

to moderate for other carcass traits, -2.5% for estimated cutability (Marshall, 1994).  

Estimates of heterosis for fatness and other carcass attributes on a weight-constant basis 
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tended to be much smaller than estimates of heterosis for the same characteristics on an 

age-constant basis (Gregory et al., 1978; Johnston et al., 1992), reflecting a faster 

maturing rate for crossbred animals. 

Although effects of heterosis on carcass and beef quality attributes are relatively 

small, crossbreeding can still be utilized to take advantage of the strengths of two or more 

breeds to produce offspring that have optimum levels of performance in several traits 

though crossbreeding.  Heterosis can also potentially benefit carcass composition and 

beef quality through increased growth rates and complementary blending of breed 

characteristics to reduce problems associated with genetic antagonisms between traits 

such as retail beef yield and marbling (Burrows, 2001).  Because of the low effects of 

heterosis on carcass characteristics, potential contributions to improved carcass 

composition from crossbreeding will primarily result from genetic complementarity 

rather than heterosis (Marshall, 1994). 

In most environments, the most productive breed group is the F1 hybrid between 

Bos indicus and Bos Taurus, indicating that significant production benefits accrue from 

crossbreeding.  Data from research stations and commercial herds have been used to 

develop models that demonstrate significant improvements in profitability and 

sustainability of beef enterprises through combined use of crossbreeding and within-

breed selection (Clark et al., 1992).   
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Relationship between Heterosis and Heritability 

In general, the amount of heterosis expressed for a given trait is inversely related 

to the heritability of the trait.  Therefore, the amount of heterosis is largest for traits that 

have low heritabilities, like female fertility, survival, longevity, and for combinations of 

traits, such as weight of calf weaned per cow joined.  Traits that are moderate in their 

heritabilities (20-30%) such as growth rate are also moderate in the degree of heterosis 

expressed (about 5%).  Highly heritable traits (30-50%) such as carcass traits exhibit the 

lowest levels of heterosis. 

 

Heritability Estimates 

 Heritability is a measure of the proportion of variation in a trait that is due 

to genetics or genes, or the degree to which a trait is under genetic control.  Highly 

heritable traits (.50-.70) are greatly influenced by genetics and to a lesser extent by the 

environment.  Lowly heritable traits (less than .20) are greatly influenced by 

environment.  Carcass traits as a group are more highly heritable than production traits 

and much more heritable than reproduction traits.  Highly heritable traits are usually best 

changed by direct selection for that trait and lowly heritable traits respond best by using 

crossbreeding to take advantage of heterosis and breed complementarity.  However, other 

factors, such as the potential selection intensity, the economic importance of the traits, the 

cost of measuring the trait, and the genetic correlation with other traits, are responsible 

for the variation in the trait (Brethour, 2000).  
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Recent reviews (Dikeman, 1990; Marshall, 1994; Koots et al., 1994a, 1994b) 

indicate that many traits associated with body composition of cattle, including meat yield, 

are under direct genetic control.  Research has clearly established that carcass traits such 

as longissimus muscle area and marbling are moderately to highly heritable, suggesting 

good potential for accurate genetic selection for a given individual carcass characteristic.   

Koots et al. (1994) pooled the results of numerous studies and reported heritability 

estimates of longissimus muscle area, marbling, and backfat of 0.41, 0.37, and 0.44, 

respectively.   The analysis of the national carcass database of the American Angus 

Association (Wilson, 1997) concluded that the baseline Angus steer heritability estimate 

for intramuscular fat percentage is .37, similar to the estimate by Reverter et al. (2000) of 

.43 for Angus steers and .36 for Hereford steers.  

Shanks et al. (2001) reported a heritability estimate in Simmental-sired cattle for 

longissimus muscle area of 0.26, which is in agreement with several previous findings as 

reported in reviews by Koots et al. (1994a), Marshall (1994), and Shanks (1999).  Most 

estimates of retail beef yield percentage are highly heritable.  Wheeler et al. (2001) 

reported that estimates of heritability were intermediate to high for measures of fatness 

but were generally low for palatability attributes (2001).  Heritabilities of carcass traits 

were moderate to high and were higher than or similar to those reported by Wheeler et al. 

(1996) and Koch et al. (1982a).  Heritabilities of marbling and measures of longissimus 

chemical lipid were moderately high and similar to one another.  These values are 

consistent with the average of heritabilities reported in the literature (Wheeler et al., 

2001).   
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Average heritability estimates of seedstock cattle summarized from published 

literature for ultrasound measures of fat thickness, ribeye area, and intramuscular fat 

percentage are moderate to high (Bertrand et al., 2001).  Van Vleck et al. (1992) used 

heritability estimates of .62 and .43 for longissimus muscle area and marbling when 

estimating breeding values for meat characteristics of crossbred cattle.  For traits with 

large heritability estimates, longissimus muscle area and marbling score, especially, the 

ranges within breed are quite large compared to the range in breed solutions for additive 

genetic value of an individual animal as a deviation from the function of breed effects 

specific to that individual.  Thus, for such traits within-breed variation is important for 

selection on sires.   

In a study by Gregory et al. (1994) which involved three composite populations, 

estimates of heritability (h2) for carcass attributes are as follows: 12th rib adjusted fat 

thickness (.30) , marbling score (.52), percentage of longissimus fat (.47), and percentage 

of retail product (.50).  These estimates are in general agreement with prior estimates 

(Koch et al., 1982).  The average heritability estimate for tenderness was found to be .25 

(Wilson et al., 2001) and is well within the range of .09 to .53 reported in the research 

literature (Minick et al., 2001) 

 Marbling was moderately heritable .35 (Arnold et al., 1991).  Heritability 

estimates for weight-constant ultrasound measurements of 12th-rib fat thickness and 

longissimus muscle area were .26 and .25, respectively.  Designed studies have reported 

heritability estimates for carcass backfat (FAT) that ranged from .24 through .68, for 

ribeye area from .25 through .56, and for marbling score that ranged from .31 through .73 
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(Brackelsburg et al., 1971; Cundiff et al., 1971; Dinkel and Busch, 1973; Wilson et al., 

1976; Koch, 1978; Koch et al., 1982; Lamb et al., 1990).  In a study of field data from 

1960 through 1977 of Hereford steers raised under commercial conditions, Benyshek 

(1981) reported heritabilities of .50, .45, and .56 for FAT, REA, and marbling score, 

respectively.  The moderate heritability estimates of backfat-constant marbling (IMF) 

show that genetic differences exist for deposition and partitioning of fat tissues within the 

body.  Therefore, expressing traits on a weight-constant basis will remove the effect of 

growth rate, resulting in carcass and ultrasound longissimus muscle area measurements 

becoming closer indicators of muscling relative to other body tissues (Devitt and Wilton, 

2001). 

  The ranges of estimates of heritability of paternal ½-sibs analyses of 

several data sets involving various Bos taurus breeds, Brahman, and crossbred groups 

were .31 through .68 for carcass weight, .28 through .60 for longissimus muscle area, .24 

through .68 for FAT, .72 through .83 for KPH, .23 through .47 for marbling score, and 

.02 through .71 for WBS (Koch et al., 1982; Arnold et al., 1991; Van Vleck et al., 1992; 

Wilson et al., 1993; Marshall, 1994; Barkhouse et al., 1996). 

 Shanks et al. (2001) reported a heritability estimate of 0.25 for percentage of retail 

cuts was similar to that found by Lamb et al. (1990) and Cundiff et al. (1971) for 

cutability, whereas Koch et al. (1982) reported a higher heritability for retail product 

percentage.  Differences between heritabilities for carcass traits based on age and weight 

covariates were small, in agreement with Cundiff et al. (1971) and Veseth et al. (1993). 
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Hassen et al. (2003) evaluated genetic parameters for ultrasound-predicted 

percentage of intramuscular fat (UPFAT) in Angus cattle.  Two lines of cattle were 

developed: a quality line (Q-line) selected primarily for their marbling EPD (minimum 

marbling EPD of 0.35) and a retail line (R-line) selected primarily for their percentage of 

retail product EPD (PRP EPD; minimum of 0.20), carcass fat thickness EPD (minimum 

of 0.64 cm), and a minimal marbling EPD of zero.  Heritability increased from a 

minimum of 0.36 at a mean age of 37 wk to a maximum of 0.54 at a mean age of 54 wk.  

The increase in heritability seems to be influenced by a relatively large increase in 

variance with advancing scan sessions.  This estimate is in agreement with Izquierdo 

(1996) who reported a mean heritability of 0.53 (age-constant) for UPFAT based on a 

subset of data that included 590 Angus-sired crossbred bulls and steers averaging 63 wk 

of age.  Heritabilities of UPFAT for Angus, Brangus, and Hereford cattle were estimated 

at 0.30 (Wilson et al., 1999), 0.18 (Jackson, 1999), and 0.39 (Hough and Herring, 1999), 

respectively.  Repeatability of UPFAT measures increased from a minimum of 0.60 at 

ages of 28 to 39 wk to a maximum of 0.80 at ages of 61 to 63 wk.  Hassen et al. (1999) 

reported a pooled repeatability of 0.63 for bulls, heifers, steers averaging 62 wk of age.   

Heritability estimates for CARCFAT, CARCLMA, and CARCWT were .27, .39, 

and .59, respectively.  Koots  et al. (1994a) summarized published estimates for 

heritability of beef production traits and found the weighted average of heritability 

estimates for CARCFAT in 26 studies to be .44.  The estimate of heritability for 

CARCLMA of .39 agrees well with literature estimates; Koots et al. (1994a) reported a 

weighted average estimate from 16 studies of .42 (Moser et al., 1998).  Heritability 
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estimates for USFAT, USLMA, and YWT were .11, .29, and .40, respectively.  Johnson 

et al. (1993) obtained an estimate of heritability for USFAT of .14.  Robinson et al. 

(1993) obtained estimates ranging from .15 through .42 on 5 data sets of Angus, 

Hereford, and Polled Hereford field data, with a mean of .30.  Arnold et al. (1991) 

estimated heritability of USFAT to be .26 in Hereford field data (Moser et al., 1998).  

 The estimate of heritability for USLMA (.29) lies near the center of the range of 

published estimates for this trait, which agrees with Arnold et al. (1991) who found an 

estimate of .26.  Other estimates include .11 by Shepard et al. (1996), .21 by Robinson et 

al. (1993), .40 by Johnson et al. (1993), and .50 by Evans et al. (1995) (Moser et al., 

1998)  Heritabilities of USFAT and USREA were .26 and .25, respectively.  These values 

are comparable to those found in other designed studies and field data analyses (Arnold et 

al., 1991). 

 The heritability for marbling score used by the American Angus Association is 

currently .31 (Wilson, 1994).  Heritability estimates for marbling range from .23 through 

.47 (Cundiff et al., 1969; Koch, 1978; Wilson and Rouse, 1987; Arnold et al., 1991; 

Woodward et al., 1992; Wilson et al., 1993). 

 

 Selection 

 As the beef industry depends more on a value-based marketing system, accurate 

selection of parent animals and evaluation of genetic responses to selection become a 

crucial tool for producers.  Direct response to selection on a single trait equals heritability 

multiplied by the selection differential.  Direct selection using expected progeny 
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differences (EPDs) has been demonstrated to improve growth traits (Hough et al., 1985; 

Mahrt et al., 1990) and carcass traits (Gwartney et al., 1996; Vieselmeyer et al., 1996; 

Bertrand et al., 1997) in beef cattle.  The average estimate of longissimus tenderness 

heritability is about 0.30.  Thus, within a breed, about thirty percent of the variation in 

tenderness is due to genetics (additive gene effects) and about seventy percent of the 

variation in longissimus tenderness is explained by nonadditive gene effects and 

nongenetic effects (Koch et al., 1982a).  According to Koohmaraie (1995) among cattle 

of all breeds, about forty-six percent of the variation in longissimus tenderness is genetic 

and fifty-four percent is nongenetic  (Elzo et al., 1998).  In a review of scientific 

literature, Marshall (1994) reported heritabilities for fat thickness and marbling of .44 and 

.35, respectively. Estimates from Koch et al. (1982) were used for phenotypic standard 

deviations (3.35 mm fat thickness and 2.84 marbling units where slight=7, 8, 9; 

small=10, 11, 12; etc.).  Using these estimates, expected direct response to single-trait 

selection to one standard deviation for increased marbling would be .99 units. 

Sire additive and nonadditive expected progeny differences overlap suggesting 

that sires with desirable carcass characteristics exist in both straightbred and crossbred 

groups of cattle (Elzo et al., 1998).  Wheeler et al. (1996) reported the mean estimated 

purebred difference in meat tenderness, measured by Warner-Bratzler shear force, 

between the most and least tender breeds in the MARC experiments (i.e. Pinzguaer and 

Nellore) corresponded to 4.76 genetic standard deviations, whereas the total range within 

a breed was about 6 standard deviations (Burrow et al., 2001).  The realized improvement 

in tenderness from selecting one breed over another  is small (at most 1.56 kg to change 
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from one-half blood Brahman � least tender to one-half blood Angus � most tender; 

Wheeler et al., 2001).  To make additional improvement within a breed requires 

identifying those sires (and dams) whose progeny produce more tender meat; either 

through progeny testing or some direct measure on the sire and dam to predict the 

tenderness of their progeny (Wheeler et al., 2001).  Nunez-Dominguez et al. (1995) 

reported that differences in genetic values of selected sires increased as intensity of 

selection also increased for both weaning weight and yearling weight in crossbred cattle.  

Accurate selection of the most elite animals from the population is essential in 

maximizing genetic progress (Zwald, 2002).  Selection of cattle within specific ranges of 

predicted intrabreed and/or multibreed genetic values for growth and carcass traits could 

also further improve the degree of consistency of meat products (Elzo et al., 1998). 

Sapp et al. (2002) evaluated the effects of selection for intramuscular fat 

percentage in Angus bulls on carcass traits of progeny using bulls based solely on age-

adjusted phenotypic yearling ultrasound intramuscular fat percentage (UIMF) 

measurements.  Phenotypic UIMF measurements adjusted to 365 d were used to group 

bulls in to HU (one high-UIMF) and LU lines (one low-UIMF).  Marbling score and 

quality grade were higher (P<0.05) for HU calves than LU calves.  In the steer progeny, 

ribeye areas of LU line were larger than HU line in 4 of the 5 yr, smaller than HU line, 

smaller than HU line in 1 of the 5 yr, and the overall effect of line was significant for 

ribeye area with HU having smaller ribeye area compared to LU.  The fact that the ribeye 

area was significantly larger for progeny sired LU bulls compared with progeny sired by 

HU bulls may suggest that the correlation between ribeye area and marbling is more 
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antagonistic than the literature suggests.  Further, Sapp et al. finding that there was no 

difference in fat thickness or yield grade when selecting for increased marbling concurs 

with the studies of Gwartney et al. (1996) and Vieselmeyer et al. (1996).  The regression 

of carcass marbling score of steer progeny on ultrasound intramuscular fat percentage 

EPD of sires produced a highly significant regression coefficient of 90.50.  The 

regression of carcass quality grade of steer progeny on ultrasound intramuscular fat 

percentage EPD of sires produced a highly significant regression coefficient of 49.20.  

These findings indicate that for every 1% difference between the intramuscular fat 

percentage EPD of bulls a 90.50 marbling score difference in the progeny results.  This 

range in intramuscular fat percentage EPD would equate to a possible range of 124 

marbling score unit difference in the resulting progeny.  These results indicate that 

yearling Angus bulls selected for high-phenotypic ultrasound intramuscular fat 

percentage or phenotypic ultrasound intramuscular fat percentage expected progeny 

difference can be expected to produce steers with significantly higher amounts of 

marbling and quality grade.    

 In a study by Koch et al. (1995) evaluating direct and maternal genetic responses 

to selection, 325 cows were randomly divided into 3 lines: a control, a line selected for 

weaning weight (WWL), a line selected for yearling weight (YWL), and a line selected 

based on an index of yearling weight and muscle score (IXL).  The IXL line had heavier 

weights at each stage of growth and higher muscle scores than other lines.  Total response 

of WWL, YWL, and IXL over the control was highly significant for all traits except 

weaning gain in YWL.  Estimates of direct responses were not greatly different among 
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selection lines for growth to weaning, but differences were larger for postweaning gain.  

The direct effect of IXL was significantly greater than the control and all the selection 

lines.  Maternal effects on muscle score were not important, which agrees with results 

reported by Koch et al. (1994).  Although WWT was the selection criteria for WWL, the 

index in retrospect for WWL indicated that about 25% of total selection was for increased 

yearling weight (Koch et al., 1994).  Most of the total genetic response from selection in 

all three lines was associated with direct response and that the highest proportion of that 

was for postweaning gain.  In this study, it appears muscle score enhanced the selection 

of animals whose phenotypic weight was associated more with genetic factors affecting 

body tissue growth and discounting weight associated with environmentally influenced 

factors both pre- and postweaning. 

 Nunez-Dominguez et al. (1993) studied the amount of the predicted EPD of a sire 

that was realized in his crossbred calves and estimated the sire breed effects for growth 

traits using with-in breed EPD using F1 calves in a top-cross experiment using twelve 

different breeds.  Accuracies for the various traits of sires used at MARC were high 

(≥.80) for Limousin, Simmental, Gelbvieh, Chianina, and Tarentaise, intermediate (.50-

.75) for Angus, Hereford, and Charolais, and low (.25-.45) for Polled Hereford and 

Maine-Anjou.  Regression coefficients for birth weight and weaning weight averaged 

1.04±.10 and .88±.11 kg/kg of EPD, respectively.  These results are similar to those 

reported by Notter and Cundiff (1991), who estimated regression coefficients of 

1.09±.12, .79±.14, and 1.44±.16, respectively.  Wright and Pollack (1991) estimated 

regressions of calf performance on Simmental sire EPD for two regions and for calves 
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out of Hereford and Angus dams.  Their estimates for weaning weight, and yearling 

weight ranged from .54±.03 to .81±.01 and .33±.15 to .86±.05, respectively.  In general, 

adjustment of MARC means by the regression of calf performance on EPD tended to 

regress the sire-breed means toward the average of all breeds, especially for birth weight 

and weaning weight.   This suggests that breeders of small or medium frame size animals 

have placed more emphasis on selection for heavier weights at all ages, whereas breeders 

of larger size animals have emphasized calving ease and reduction of birth weight.  These 

results indicate that within-breed expected progeny differences of sires can be used in a 

top-cross breed evaluation experiment to adjust sire breed mean performance for genetic 

trend and sire sampling.  These analyses show that an amount of performance equal to or 

greater than that predicted by the expected progeny differences of sires was realized for 

birth, weaning, and yearling weights when these sires were used to produce crossbred 

calves (Nunez-Dominguez et al., 1993). 

 Selection for any single trait in beef cattle is sure to influence other traits of 

economic importance.  The production performance of cattle in non-carcass traits may be 

influenced if producers select strictly on carcass EPD.  Woodward et al. (1992) 

concluded that the lower additive genetic variance estimates for carcass traits, compared 

to growth traits, suggested that slow genetic progress in carcass traits would result if 

carcass traits were the major emphasis of a selection program.  Others (Cundiff et al., 

1964; Dinkel and Busch, 1973; Wilson et al., 1976; Koch, 1978) have also determined 

that selection emphasis placed on growth traits is more effective than selection on carcass 

traits (Vieselmeyer et al., 1996).  However, Marshall (1994), after reviewing the 
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literature, found that genetic selection on individual carcass characteristics should 

generally be effective.  However, the effectiveness of simultaneous selection of some 

multiple-trait combinations could be slowed by antagonistic genetic correlations.  

Crossbreeding could potentially benefit carcass composition through complementary 

blending of breed characterization and through terminal mating systems to minimize 

genetic antagonisms. 

 

Significance of Marbling 

 Tenderness is generally regarded as the most important sensory characteristic 

affecting palatability of beef, although juiciness and flavor are also important  (Marshall, 

1994).  Marbling scores are regularly included in beef grading schemes as accepted 

indicators of beef tenderness and is currently the primary factor used by the beef industry 

to assign carcass quality of young cattle.  Marbling score is the carcass grade trait most 

highly correlated with the palatability attributes (May et al., 1992) and was moderately 

related to taste panel tenderness (r=.51) and shear force (r=-.61) in Angus/Hereford 

crossbred steers.  Marshall (1994) reported a positive, although weak, relationship with 

palatability.  Juiciness rating had high genetic correlations to marbling and longissimus 

lipid traits (Wheeler et al., 2001).  Intramuscular marbling, specifically USDA quality 

grade, is important in the pricing of beef (Vieselmeyer et al., 1996). 

 Six Angus bulls with high marbling (+.4 - +.83) and six with low marbling (-.16 - 

-.3) EPD were selected from the 1989 American Angus Association Sire Summary.  Each 

bull selected had an accuracy of at least .42 for marbling. Selection for each test bull was 
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by marbling EPD only. More than 70% of the progeny from HIGH marbling bulls graded 

Choice compared to less than 50% of the LOW marbling sired progeny (Vieselmeyer et 

al., 1996). 

 

Relationship between Marbling and Retail Product 

  Although Dikeman (1987) found that marbling only accounted for 5-10% of the 

variability in beef palatability, reports (Dikeman, 1987; Shackelford et al., 1994) have 

indicated that statistically significant effects of marbling on objective and sensory 

tenderness score.  They concluded that, although the degree of marbling accounted for 

only a low percentage of the variation in tenderness it did provide a slight assurance of 

tenderness, juiciness, and flavor.  Wheeler et al. (1994) reported that shear force, taste 

panel tenderness rating, and taste panel juiciness rating improved as marbling increased 

in beef.  The high negative genetic correlation (-.56) between percentage of retail product 

and marbling score and the relatively low genetic correlations between percentage of 

retail product and palatability attributes suggests the need for simultaneous attention to 

percentage of retail product and palatability attributes rather than to marbling score 

(Gregory et al., 1994).    Phenotypic correlations indicated that marbling score was a poor 

predictor of palatability attributes of individual carcasses.  Although marbling score may 

have low predictive value for palatability attributes of individual carcasses, there is a high 

genetic correlation between marbling score and percentage longissimus muscle fat (.96+-

.06) with shear force suggest that marbling score may be used as an indirect selection 

criteria to reduce shear force.  Currently, quality grade in beef is determined almost 
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entirely by marbling score (Brethour, 1990).  The genetic correlation between tenderness 

and marbling was slightly negative, and the phenotypic correlation was -.18.  This means 

that as marbling went up, the amount of force needed to cut through the steak went down.  

In short, steaks with more marbling were more tender.  Marbling score and percentage of 

longissimus muscle fat were highly correlated with shear force (-.80 and -.74) and with 

sensory panel scores for tenderness and juiciness (range from .65-.92; Gregory et al., 

1994).   

 

Ultrasound 

The development of portable technology for ultrasound imaging of live animals 

has made it feasible to collect carcass composition data on both breeding animals and 

progeny without the time and expense of slaughter (Arnold et al., 1991).  Genetic 

relationships between carcass measurements of fed cattle and yearling ultrasound 

measurements of fat thickness and longissimus area are favorable and relatively strong 

(Moser et al., 1998).  Studies have shown that ultrasound measures of fat thickness and 

ribeye area (Perkins et al., 1992; Herring et al., 1994; Bergen et al., 1996), and 

intramuscular fat percentage (Reverter et al., 2000; Hassen et al., 2001) are accurate 

predictors of their corresponding carcass traits in fed slaughter cattle. 

Ultrasound has been used for over thirty years to estimate backfat thickness 

(Hazel and Kline, 1959) and ribeye area (Stouffer, 1959).  Brethour (2000) reported that 

ultrasound technology provides an opportunity to quickly and economically estimate 

carcass attributes in the live animal using serial ultrasound measures to generate models 
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of changes in marbling and backfat thickness in both continental and British feedlot 

cattle.  

Researchers have estimated genetic parameters of carcass measurements on 

yearling bulls using real-time ultrasound measurements (Arnold et al., 1991; Johnson et 

al., 1993).  Currently, ultrasound-predicted percentage of intramuscular fat (UPFAT) 

scans for breeding bulls are taken at about 1 yr of age and at 395 d of age for developing 

heifers.  Theses endpoints have been chosen from a practical herd management 

standpoint, and also because they do allow animals to differentiate themselves genetically 

when compared to younger age scans.   

Reports by Bertrand et al. (2001) and Devitt and Wilton (2000) reported genetic 

correlations between ultrasound intramuscular fat percentage in seedstock cattle and 

marbling score in fed slaughter cattle of 0.70 and 0.88, respectively.  The genetic 

correlation for Angus carcass and ultrasound bull measures for intramuscular fat 

percentage was 0.47 (Sapp et al., 2002). 

Results from Hassen et al. (2003) indicate that heritability and repeatability of 

UPFAT measures are also at their optimum at approximately 52 weeks of age through 63 

weeks of age.  This suggests that differences in UPFAT measurements during this period 

are good measures of differences in marbling genetic potential of Angus cattle.  Genetic 

evaluations for yearling ultrasound measurements of carcass traits are calculated on the 

assumption that genetic differences detected with ultrasound at the yearling stage will be 

reflected in carcasses of finished progeny (Devitt and Wilton, 2001).  Yearling live-

animal ultrasound measurements of carcass traits on seedstock bulls and heifers have 
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been proposed for inclusion in national cattle evaluation programs (Wilson, 1992; Moser 

et al., 1998). 

Researchers have shown the genetic correlation between ultrasound 

measurements of seedstock cattle and the corresponding carcass measurements of fed 

cattle to be postitive, but variable in magnitude (Moser et al., 1998; Devitt and Wilton, 

2000; Reverter et al., 2000).  Little information is available in the literature to assess the 

consequences of actual sire selection, based on ultrasound measures, on the carcass 

measures of their progeny (Sapp et al., 2002).   

 Moser et al. (1998) indicated that high additive genetic correlation estimates 

between the steer carcass data and bulls� ultrasound data indicate that genetic progress 

can be made in actual carcass traits with ultrasound-based selection.  Ultrasound 

measures of longissimus muscle in breeding animals can be used to make genetic change 

in slaughter progeny (Moser et al., 1998). 

Using estimates of heritability and phenotypic standard deviations obtained from 

Arnold et al. (1991) utilizing 2,411 steer carcass data, and values for selection intensity 

and generation interval, the potential for genetic change was evaluated for both carcass 

data and ultrasound data.  They found that the use of ultrasound for ribeye measurement 

should provide a potential rate of genetic change of .32 cm2/yr, which is nearly twice that 

of testing 10 progeny/sire (.17 cm2/yr). 

In a study by Brethour (2000), the power function proved to be a more 

appropriate model than the exponential function for describing the change in marbling 

score. He observed that cattle with low initial marbling do not reach Choice, even when 
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fed for longer than 200 days.  Evaluations made at 37 days (122 days before slaughter) 

were 76% accurate in the Choice/Select classification and predicted carcass marbling 

with an average error of .54 marbling score units.  When cattle averaged more than 3 mm 

initial backfat, ultrasound seemed to be useful in projecting the number of days to reach a 

target backfat level, which enables clustering into outcome groups for more effective 

marketing.  This procedure should enable reducing the proportion of Yield Grade 4 

carcasses to less than 2%.  Also, ultrasound may have potential either to select candidates 

for Choice or to cull animals with a low expectation of Choice early in the feeding period 

(Brethour, 2000). 

 Another study by Brethour (1989) devised a scoring system to quantitate 

ultrasound speckle in tomograms of the longissimus muscle over the 12th rib in various 

breeds, ages, and sexes of cattle.  Results from fourteen trials correlating speckle score 

and carcass marbling indicate that the procedure was useful over diverse sets of cattle.  In 

most instances, speckle score and resultant carcass marbling were closely correlated 

(P<.001).  The procedure also was often accurate in predicting percentage Choice at 

distant dates.  Brethour (1990) reported that such technology would be a powerful herd 

selection tool as well as a breakthrough in mechanical meat grading.  

 Moser et al. (1998) reported a positive, moderately strong genetic correlation (.69) 

between carcass fat and ultrasound measures of 12th-rib fat thickness (USFAT) was 

found.  Kriese (1996) analyzed a small subset of these data and reported a genetic 

correlation between steer carcass fat and bull USFAT of .76.   
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The most effective means for obtaining ultrasound measurements is an Animal 

Ultrasound Practioners (AUP)-certified technician using an Aloka 500V ultrasound unit 

equipped with a 35 MHz transducer and a 17-cm linear probe (Devitt and Wilton, 2001).  

However, some studies have failed to report the ultrasound machine type and others did 

not document the level of technician proficiency. Further, some measurements were 

taken before establishment of certification for ultrasound technicians (Moser et al., 1998). 

If data on USFAT are collected on many comtemporary groups and combined 

with pedigree information, selection using EPDs calculated from ultrasound data should 

be useful in reducing CARCFAT, and improving overall cutability, particularly when 

carcass information is unavailable (Moser et al., 1998).  This method of data collection 

will allow measurement of entire contemporary groups and reduce the selective data 

reporting that may occur when only cull yearling breeding animals are fed to generate 

carcass data.  Ultrasound measures of longissimus muscle area in breeding animals can 

be used to make genetic change in slaughter progeny (Moser et al., 1998). 

By measuring yearling breeding bulls and heifers with ultrasound, beef producers 

can collect meaningful data on the genetics of carcass composition, and doing so will 

considerably reduce the age at which more accurate carcass EPDs on an animal can be 

computed (Devitt and Wilton, 2001).  Genetic evaluations for carcass traits based on 

ultrasound measurements of yearling cattle have the potential to reduce the expenses 

involved in progeny testing and increase the rate of genetic progress (Devitt and Wilton, 

2001).  Incorporation of yearling bull ultrasound measurements into breeding programs, 

considering appropriate end points, can affect the rate of genetic change, due to an 
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influence on generation interval, accuracy of selection, and selection intensity (Devitt and 

Wilton, 2001).   

Because of the favorable and moderately strong genetic correlations between 

carcass measurements and similar yearling breeding-animal ultrasound measurements, 

selection using yearling ultrasound measurements of breeding cattle should result in 

predictable genetic improvement for carcass characteristics (Moser et al., 1998).  

Ultrasound as a means of predicting carcass merit is relatively inexpensive, has a shorter 

generation interval when compared with carcass sire progeny testing programs, and the 

data provided via ultrasound may be subject to less selection bias than carcass data 

collected via sire progeny testing programs (Sapp et al., 2002).   

 

Critical Value and Contemporary Group 

 Carcass data was obtained from 843 crossbred steers born 1988 through 1998, 

consisting of two main lines, in research herds managed by the University of Guelph 

(Devitt and Wilton, 2001).  All steers were crossbred with known parentage and breed 

composition.  Breed groups were formed by a combination of sire breed and maternal 

grandsire breed (Devitt and Wilton, 2001).  The 843 steers in the final data set were 

produced by 124 different sires averaging 6.80 progeny per sire and 538 dams averaging 

1.57 progeny per dam.  The 5.654 bulls in the final data set were produced by 1.535 sires 

averaging 3.68 progeny per sire and 4.362 dams averaging 1.30 progeny per dam (Devitt 

and Wilton, 2001).  In previous research, contemporary groups for ultrasound 

measurements were defined as bulls fed at the same evaluation center during the same 
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year (Devitt and Wilton, 2001).  The high additive genetic correlation estimates that were 

observed between the steer and bull traits indicate that genetic progress can be made in 

actual carcass traits with ultrasound-based selection.  Therefore, the incorporation of 

yearling bull ultrasound measurements into breeding programs can affect the rate of 

genetic change, due to an influence on generation interval, accuracy of selection, and 

selection intensity. 

 In a study by Arnold et al. (1991) estimating the genetic parameters for measured 

carcass traits and ultrasound carcass data, the data set included 2, 411 steer carcass 

records from 137 sires and 216 postweaning contemporary groups and 3,482 observations 

in 254 contemporary groups representing 441 sires averaging 7.90 progeny per sire.  This 

study concluded that more research is needed in order to determine whether selection for 

increased longissimus muscle area would increase fatness in the steers, or whether this 

relationship is limited to the yearling cattle, primarily bulls, on which it was observed.  

Additional studies are needed to estimate the genetic parameters more accurately. 

 The carcass and ultrasound database of the International Brangus Breeders 

Association (IBBA, San Antonio, TX) was obtained for analysis in a study by Moser et al 

(1998).  This study evaluated the strength of the relationship between carcass 

measurements in steers and ultrasound measurements of breeding animals.  The carcass 

and ultrasound measurements were merged with the International Brangus Breeders 

Association (IBBA) performance data base to obtain yearling weights (YWT) on 

breeding animals and pedigree information (Moser et al., 1998). Data was collected for 

Brangus-sired fed steers and heifers from 1985 through 1996, as well as parentage and 
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contemporary group information.  The data base included live animal ultrasound 

measures of 12th- and 13th rib fat thickness (USFAT) and longissimus muscle area 

(USLMA) that were collected on yearling Brangus breeding bulls and heifers on-farm by 

producers from 1986 through 1996.  No animals represented in any data set had both 

carcass and ultrasound measurements.  In another study by Moser et al. (1998), 

contemporary group for carcass measurements was defined as animals of the same sex 

raised in the same environment from birth, slaughtered on the same day in the same 

processing plant, and measured on the same day.  For ultrasound measurements, 

contemporary group was defined the same as for yearling weight in the national cattle 

evaluation program: the definition included sex, herd, management group, and date of 

measurement or weight.  The definition for ultrasound measurement also meant having a 

single ultrasound technician, though that was not the case in all studies.  Records more 

than three standard deviations from their respective contemporary group mean for any 

trait were judged to be outliers and were deleted.  When a sire had only one progeny in a 

contemporary group, that record was deleted. The final data set consisted of carcass 

measurements of 2,028 animals in 87 contemporary groups and yearling weights and 

ultrasound measurements on 3,583 animals in 490 contemporary groups.  There were 136 

sires with progeny with carcass data and 169 sires with progeny with ultrasound data.  

Moser et al. (1998) found that the genetic relationships between carcass measurements of 

fat thickness and longissimus muscle are favorable and relatively strong.  The selection of 

breeding animals based on ultrasound measurements should lead to predictable changes 

in these carcass characteristics of slaughter progeny. 
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 Elzo et al. (1998) collected data on four carcass yield and two carcass quality 

traits measured on 486 crossbred steers representing 121 sires (4.02 progeny per sire) 

born between 1989 and 1995 in the AB multibreed cattle herd of the University of 

Florida were used in this research (Elzo et al., 1998).  The number of sires per breed 

group per year ranged from 2 through 5.  Sires were used for two years to create 

connectedness across years.  The small size of the data set prevented the estimation of 

covariance components for more than two traits simultaneously (Elzo et al., 1998).  

Appreciable additive intrabreed and interbreed, and nonadditive interbreed genetic 

variability existed among sires in an Angus-Brahman multibreed herd for carcass weight, 

longissimus muscle area, marbling, and shear force when steers were slaughtered at 

similar carcass composition end points.  Correlations between additive and total expected 

progeny differences were high, suggesting that, in the absence of nonadditive expected 

progeny differences, the ranking of sires by additive expected progeny differences might 

be a good approximation to their ranking by total expected progeny differences. 

 In the study by Shanks et al. (2001) evaluating genetic parameters for carcass 

traits in Simmental-sired cattle, edits were performed to eliminate records that were 

incomplete, from twins, embryo transfer calves, and animals managed uniquely.  The 711 

sires in the final data set were represented by progeny carcass data; the average number 

of progeny per sire was 13.9.  There was an average of 9.8 records per contemporary 

group.  Average number of sires represented per carcass contemporary group was 1.4.  

They concluded that the selection for carcass fatness, longissimus muscle area, marbling, 

percentage retail cuts, or carcass weight should yield genetic progress in Simmental 
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cattle.  Contrary to other findings, their results show that selection for improved quality 

grade should be possible without sacrificing lean growth or retail product yield. 

 Sapp et al. (2002) evaluated the effects of selection for ultrasound intramuscular 

fat percentage in Angus bulls on carcass traits of progeny using bulls selected solely on 

age-adjusted phenotypic yearling UIMF measurements.  The average number of progeny 

per sire was 8.36.  Their results indicate that yearling Angus bulls selected for high-

phenotypic ultrasound intramuscular fat percentage expected progeny difference can be 

expected to produce steers with significantly higher amounts of marbling and quality 

grade. 

Conclusions and Objectives 

Breed differences are important resources for use in crossbreeding systems to 

exploit complementarity and heterosis (Franke et al., 2001).  Burrow (2001) proposes 

that separate evaluations for breed or breed type, followed by within-breed selection may 

be an effective approach for genetic improvement in systematic crossbreeding programs.  

As stated in more detail in the above document, heritability estimates from the recent 

literature were generally moderate to large for carcass traits, averaging greater than .35 

across studies.  Therefore, selection on most individual carcass traits should generally be 

relatively accurate.  The amount of heterosis expressed for a given trait is inversely 

related to the heritability for that trait and is largest for traits that have low heritabilities 

(i.e. female fertility and longevity) and smallest for traits that are highly heritable (i.e. 

traits affecting carcass composition).  Thus, since crossbreeding will only minimally 

affect carcass composition through heterosis, the question becomes at what level 
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selection pressure should be applied to improve carcass characteristics, specifically 

marbling, in the hybrid animal.  Therefore, the objectives of the present study were to 

determine how accurately within breed sire EPDs predict phenotype of offspring, and to 

determine the effects of the breed of the sire on actual intramuscular fat percentage and 

longissimus muscle area of offspring. 
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CHAPTER III 

MATERIALS AND METHODS 

 

In this study, the effects of rank of sire expected progeny differences (EPDs) for 

marbling and ribeye area on progeny ultrasound measurements for intramuscular fat 

percentage (IMF %) and ribeye area were evaluated to determine the effect of selection 

on these highly heritable traits.  The objectives of the present study were to determine 

how accurately within breed sire EPDs predict phenotype of offspring, and to determine 

the effects of the breed of the sire on actual intramuscular fat percentage and longissimus 

muscle area of offspring.  Ultrasound measurements of intramuscular percentage and 

ribeye area on yearling bulls and heifers were provided by the R.A. Brown Ranch, 

Throckmorton, TX for the years 2000-2004.  Breeds involved included Angus, Red 

Angus, Simmental, Red Angus X Simmental hybrids sired by Red Angus bulls, and Red 

Angus X Simmental hybrids sired by Simmental bulls.  These breeds were used because 

they were representative of the Texas beef cattle population at the time the research was 

begun, and because they represent the different breed types of beef cattle.  All progeny 

had known parentage and breed composition.  Breed fractions for calves were determined 

from the breed compositions of sires and dams.  Breed groups were formed by a 

combination of breed fraction and sire breed. 

Numbers of sires across breeds were 41 Angus, 20 Red Angus, 16 Simmental  6 

Red Angus sires of percentage Simmental progeny, and 1 Simmental sire of percentage 
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Red Angus progeny.  Numbers of calves across breeds were 822, 264, 206, 79, and 5, 

respectively.  The same certified technician was used over the five years.    

Because of the tendency of EPDs to change with increasing accuracy, each sire�s 

EPDs was obtained for the year in which the bull was actually selected for breeding, not 

the year of the ultrasound measurement was performed.  So, the same bull may have 

different EPD values in the data set based on the year of selection.  Sires were then 

ranked within breed into five groups based on the number of standard deviations his 

EPDs for marbling and ribeye area fell from the average EPD for a particular year.  The 

five groups were as follows:  Superior, High, Average, Low, and Inferior.  The average 

rank included EPDs within one standard deviation from the population mean as published 

in the breed registry; High included EPDS between one and two standard deviations from 

the average; Superior included EPDs greater than two standard deviations from the 

average; Low included EPDs below one standard deviation but above 2 standard 

deviations from the average; and Inferior included EPDs less than 2 standard deviations 

from the average.  The sire�s rank for both marbling and ribeye area, not his actual EPD, 

was used in the analysis.  Any records of sires with less than 4 progeny per year per breed 

were eliminated in order to minimize the inclusion of young, unproven bulls with EPDs 

of low accuracies.  Using this designation for marbling, there was 394 progeny from 

superior sires 128 progeny from sireswith a high designation, 817 progeny from average 

sires, and 21 progeny from sires with a low designation.  There were no sires represented 

in the data set with an inferior rating.  Using this designation for ribeye area, there was 

123 progeny from superior sires, 234 progeny from sires with a high designation, 826 
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progeny from average sires, 153 progeny from sires with a low designation, and 24 

progeny from inferior sires for ribeye area. 

The regression of progeny ultrasound data on rank of EPD of sires was used to 

determine the impact of rank of sire EPD on progeny ultrasound measurements.  The 

ultrasound data was analyzed using the GLM procedure of SAS.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

Ultrasound measures of intramuscular fat percentage and longissimus muscle area 

were obtained at yearling from each individual animal.  The study included 81 total sires 

across breeds as follows: 41 Angus, 20 Red Angus, 16 Simmental 6 Red Angus sires of 

percentage Simmental progeny, and 1 Simmental sire of percentage Red Angus progeny.  

Numbers of calves studied across breeds were 822, 264, 206, 79, and 5, respectively.  

Year x ultrasound measurement was significant (P<0.0001).  However, this is an 

uncontrollable environmental effect and not crucial in this experiment, so all years were 

pooled together.   

 The average progeny ultrasound intramuscular fat percentage and the 

corresponding rank of sire EPD for marbling are shown in Figure 3.3.  When breed was 

taken out of the equation, the selection of bulls for superior marbling expected progeny 

differences (EPDs) significantly affected (P=0.0299) the ultrasound intramuscular fat 

percentage (IMF%) in his progeny.  However, a bull�s rank for marbling did not 

significantly affect (P=0.837) his progeny�s ultrasound IMF% when breed was included 

in the analysis.  This could be explained by Bertrand et al. (1993).  He suggested that a 

threshold number of days was necessary for genetic differences for marbling to be 

manifested from steers from sires with high marbling EPD compared to steers from 

randomly selected bulls.  Breed significantly affected (P=0.000) progeny IMF% (Table 

3.1).  Sex also significantly affected progeny performance (P=0.000).  There was also an 
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interaction between breed and rank of sire for marbling EPD that significantly affected 

the ultrasound IMF% of progeny.  Although breed and sex both affected progeny 

performance individually, there was no interaction between breed, the rank of a sire�s 

marbling EPD, and sex that significantly affected progeny ultrasound intramuscular fat 

percentage (P=0.190). This suggests that when crossbreeding and selecting for increased 

marbling, identifying the correct breed is more important than rank of sire within the 

breed.  However, rank of sire for marbling should not be ignored.  Because rank of sire 

was important when breed was not considered, a sire�s EPD for marbling should be 

considered within the desired breed or breeds to maximize genetic progress. 

 The average progeny ultrasound longissimus muscle area measurement and the 

corresponding rank of sire REA EPD are shown in Figure 3.4.  Even when breed was 

included in the model, the rank of a sire�s REA EPD significantly affected (P=0.000) his 

progeny�s yearling ultrasound measurement of longissimus muscle area, indicating that 

selection for bulls with superior REA EPDs should be effective in changing longissimus 

muscle area in the progeny.  Individually, breed (P=0.000) and sex (P=0.000) also 

significantly affected progeny ultrasound REA measurements.  However, the interaction 

between breed, REA rank of the sire, and sex did not significantly (P=0.139) affect 

progeny performance. This suggests that selecting for breed and sire within breed are of 

equal importance and should both be considered when making mating decisions.    Table 

3.1 shows the average ultrasound longissimus muscle area for each breed. 

 Figure 3.5 illustrates an interaction between breed and rank of a sire that affects 

progeny ultrasound intramuscular fat percentage and ribeye area measurement at 
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yearling.  It is interesting to note the linear decrease in marbling as the breeds change 

from full blood Angus to full blood Simmental.  

 

Correlations 

 In both the two-way and three-way analysis of variance, the selection for ribeye 

area significantly impacted his progeny�s IMF%, which suggests a correlation between 

the two.  This is comparable with other research, which indicates that selection for 

animals with superior retail beef yield percentage produce carcasses with lower levels of 

marbling.  However, the selection of animals with higher levels of marbling should not 

affect proportion of retail product, because the rank of a bull�s EPD for marbling had no 

effect (P=0.1122) on his progeny�s ultrasound measurement for longissimus muscle area 

(UREA).  Indicating further evidence of a phenotypic correlation, the interaction between 

the rank of a sire�s REA EPD and the rank of his marbling EPD affected both progeny 

longissimus muscle area and intramuscular fat  percentage in the two-way analysis 

(P=0.0008 and P=0.0072, respectively). 
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CHAPTER V 

CONCLUSIONS 

 

 Great variation exists between breeds for both carcass composition and meat 

quality traits (Figure 3.2).  These differences are important genetic resources for 

improving production efficiency and meat quality.  Carcass traits, including marbling and 

longissimus muscle area, as a group are moderately to highly heritable, which indicates 

good potential for accurate selection and therefore adequate response to selection.  As the 

beef industry depends more on a value-based marketing system, accurate selection of 

parent animals and evaluation of genetic responses to selection become a crucial tool for 

producers.  The objectives of the present study were to determine how accurately within 

breed sire EPDs predict phenotype of offspring, and to determine the effects of the breed 

of the sire on actual intramuscular fat percentage and longissimus muscle area of 

offspring.  Five years worth of ultrasound measurements for intramuscular fat percentage 

and longissimus muscle area were compiled to evaluate the effects of the rank of a sire�s 

EPDs for marbling and REA on his progeny�s phenotype.  Breeds involved included 

Angus, Red Angus, Simmental, Red Angus X Simmental hybrids sired by Red Angus 

bulls, and Red Angus X Simmental hybrids sired by Simmental bulls.  Numbers of sires 

across breeds were 41 Angus, 20 Red Angus, 16 Simmental  6 Red Angus sires of 

percentage Simmental progeny, and 1 Simmental sire of percentage Red Angus progeny.  

Numbers of calves across breeds were 822, 264, 206, 79, and 5, respectively.  Using a 

bull�s EPDs for marbling and REA for the year in which he was selected, he was then 
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ranked within breed into five groups based on the number of standard deviations his 

EPDs fell from the average EPD for a particular year.  The five groups were as follows:  

Superior, High, Average, Low, and Inferior.  The regression of progeny ultrasound data 

on rank of EPD of sires was used to determine the impact of rank of sire EPD on progeny 

ultrasound measurements.   

Contrary to preliminary expectations, for marbling, breed was more important in 

determining progeny ultrasound intramuscular fat percentage than rank of a sire�s 

marbling EPD.  Because the R.A. Brown Ranch is a seedstock operation, their primary 

objectives are producing and marketing breeding animals, therefore there is probably less 

variation among these yearling bulls and heifers than there would be across an average 

population of commercial beef cattle.  An example of this is that there were no sires with 

inferior marbling EPDs used during these five years.  Perhaps if there had been more 

variation in the data, the results might have been different. 

In conclusion, based on this data, accurate selection of the correct breed and sire 

within a breed are necessary in order to maximize genetic progress in both purebred and 

hybrid beef cattle.   Although a sire�s rank within breed did not significantly affect 

progeny ultrasound IMF %, producers should not ignore it.  For purebreds, because breed 

is not an issue, rank of sire for both marbling and ribeye area EPD is the most important 

determining factor in determining progeny ultrasound measurements of traits affecting 

carcass composition. When producing hybrid animals, after identification of the correct 

breeds, a sire�s rank within breed should be considered as it is the subsequent factor in 

determining actual ultrasound measurements of progeny.  Because of the significance of 
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breed on both intramuscular fat percentage and longissimus muscle area, breed 

complementarity is extremely important for the production of hybrids. 
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Figure 2.1 Genetic trend for % intramuscular fat 

 

Figure 2.2 Genetic trend for ribeye area 
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Figure 3.1 Breed by progeny ultrasound differences 
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Figure 3.2 Purebred differences for progeny ultrasound measures 
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Figure 3.3 Sire marbling EPD rank by progeny ultrasound 
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Figure 3.4 Sire REA EPD rank by progeny ultrasound 
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Figure 3.5 Comparison of progeny IMF% and progeny REA by breed 
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