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ABSTRACT 

The progress made in the genetic improvement of the Japanese Black breed to date is 

largely due to the traditional quantitative techniques using pedigree, performance and 

progeny tests to select cattle. However, developments in technology and molecular 

techniques together with changes in consumer demands have made it not only necessary but 

also feasible to improve the current selection program. Improvements in technologies like 

ultrasound have made it feasible to estimate carcass traits in live animals hence evaluation 

can be done in breeding stock at early stages. Furthermore, advances in molecular techniques 

have made it possible to pin point genetic markers that affect economically important traits. 

The aim of this study was to come up with a comprehensive selection program that 

incorporates recent technological advances and changes in the meat production industry. 

Thus, the objectives this study were to: (chapter 1)  estimate variance components and 

heritability of growth, feed consumption, and feed efficiency traits in performance test stock;  

(chapter 2) evaluate the feasibility of using ultrasound technology in the genetic improvement 

of young Japanese Black bulls; (chapter 3) evaluate the prospects of early slaughter of steers;  

(chapter 4)  determine the association of polymorphisms in the growth hormone (GH NCBI 

dbSNP rs41923484 and rs134687399), somatostatin (SST rs17870997), growth hormone 

releasing hormone (GHRH rs380969504), myostatin (GDF8 rs383271508 and rs137528458) 

and leptin (LEP rs29004487, rs29004488 and rs29004508) genes with growth and carcass 

traits;  (Chapter 5) assess the association between polymorphisms in fatty acid synthase 

(FASN rs208645216), stearoyl-coenzyme A desaturase (SCD rs41255691), sterol regulatory 

element-binding protein 1 (SREBP1 rs133958066), diacylglycerol acyltransferase 1 (DGAT1 

rs109326954), and nuclear receptor subfamily 1, group H, number 3 (NR1H3 rs109428603) 

genes with ultrasonic and carcass traits in Japanese Black steers.  
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In chapter 1 and 2, ultrasonic scanning was done at about 11 mo of age between the 6
th 

-7
th

 

and 12
th

-13
th

 rib cross section on the left side in performance test stock to obtain ultrasonic 

carcass traits of longissimus muscle area (LMA7/13), subcutaneous fat thickness (SFT), 

intermuscular fat thickness (IMFT), rib thickness (RT), beef marbling score (BMS), trapezius 

muscle thickness (TMT), and latissimus muscle thickness (LMT). Only LMA was measured 

on both scanning sites, all other traits were measured on the 6
th 

-7
th 

rib cross section only. 

Scanning equipment employed in this study was SEM-500 (FHK Co. Ltd., Japan) and HS-

2000 (FHK Co. Ltd., Japan) using a frequency of 2 MHz. All linear and areal measurements 

were done by ImageJ version 1.46r. BMS was assessed subjectively through visual appraisal 

on a scale ranging from 0.0 (lowest) to 3.0 with intervals of 0.33, and 4.0, 5.0 (highest). The 

feed consumption and feed efficiency traits studied were concentrate intake (CONI), 

roughage intake (ROUI), digestible crude protein intake (DCPI), total digestible nutrient 

intake (TDNI), rate of roughage intake (RRI), digestible crude protein conversion ratio 

(DCR) and total digestible nutrient conversion rate (TDNC). Body measurement traits studied 

were body weight at the start of test (BWS), body weight at the end of test (BWE), daily gain 

during test period (DG).The following body measurements were taken at the end of the test: 

wither height (WH), hip height (HH), chest depth (CD), body length (BL), rump length (RL), 

chest width (CW), hip width (HW), thurl width (TW), pin bone width (PBW), and chest girth 

(CG). Data were then subjected to analysis of variance (ANOVA) and variance components 

were estimated through mixed model analysis using JMP
®
 5.0.1 (SAS) program. The model 

included fixed effects of year and season of testing, as well as the covariate of age at 

measurement and random additive genetic effect of sire. The averages for ultrasonic traits and 

their standard deviations in parenthesis were 31.9 cm
2
 (2.1) LMA7, 53.6 cm

2
 (4.3) LMA13, 

6.1 mm (1.7) SFT, 14.4 mm (3.6) IMFT, 40.2 mm (3.4) RT, 0.74 (0.23) BMS, 12.9 mm (1.1) 

TMT and 12.9 mm (1.2) LMT.  The averages and standard deviations for feed consumption 



3 

 

and feed efficiency traits were 530.3 kg (40.2) CONI, 413.1 kg (45.3) ROUI, 77.9 kg (5.1) 

DCPI, 579.4 kg (38.8) TDNI, 43.9 % (2.9) RRI, 0.61 (0.09) DCR, and 4.50 (0.54) TDNC. 

The averages and standard deviations for body measurement traits were 260.8 kg (26.1) BWS, 

390.8 kg (31.8) BWE, 1.16 kg/day (0.12) DG, 125 cm (2.9) WH, 126 cm (3.1) HH, 60 cm 

(1.6) CD, 140 cm (4.2) BL, 48 cm (1.5) RL, 42 cm (1.8) CW, 41 cm (1.5) HW, 43 cm (1.7) 

TW, 26 cm (1.4) PBW, and 170 cm (4.5) HG. Estimated direct heritabilities for ultrasonic 

traits were moderate for REA7 (0.39), REA13 (0.39), TMT (0.16), LMT (0.15), RT (0.16), 

SFT (0.40) and IMFT (0.24) except for BMS (0.1). For feed consumption and feed efficiency 

traits, the estimated direct heritabilities were all moderate: CONI (0.21), ROUI (0.39), DCPI 

(0.32), TDNI (0.25), RRI (0.30), DCR (0.20) and TDNC (0.21), respectively. Direct 

heritability estimates for body measurements were found to be moderate for most traits, BWS 

(0.22), BWE (0.26), DG (0.21), WH (0.31), HH (0.24), CD (0.31), BL (0.20), HW (0.47), RL 

(0.17), and HG (0.23). However, heritabilities for TW and PBW were high (0.52 and 0.73, 

respectively) on the other hand, a low heritability was estimated for CW (0.1). Most estimates 

of heritability in this study suggest that considerable additive genetic variation exist in the 

cattle population in Miyazaki prefecture and further improvement of carcass, growth, feed 

intake and feed efficiency traits can be done through selection. 

In chapter 3, in order explore the possibility of reducing the slaughter age of steers to 

increase production efficiency and competiveness; serial/longitudinal measurements of 

ultrasonic traits were taken from 14 to 26 mo of age on 300 Japanese Black steers under 

progeny testing at the Livestock Improvement Association of Miyazaki and carcass traits 

were recorded after slaughter. Additionally, serial measurements of body weight, withers 

height, chest girth and abdominal girth were taken at 9, 14, 20 and 28 mo of age. Analysis of 

sequentially measured traits was done through multivariate analysis (MANOVA) of repeated 

measures using JMP
®

 10 (SAS Institute Cary, NC, USA). The statistical model included 
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fixed effects of starting test year, starting test season; a linear covariate of the age of the 

animal at the beginning of the test and a random effect of sire line. Subsequently, growth 

curves were estimated using an application for statistical analysis (Stat Proc Version 2). The 

growth curves were estimated using four equations but ultimately one was chosen based on 

goodness of fit. The equations used were, Logistic:  y = A/(1+ exp(  )); Brody: y = A/(1-

 exp(  )); Bertalanffy: y = A/(1- exp(  ))
3
 and Gompertz: y = Aexp(- exp(  )). Ultrasound 

and body measurements were used to estimate carcass yield estimate (YE) percentage 

through stepwise multiple regression using the Application for Statistical Analysis (Stat Proc 

Version 2.0, Kyoto, Japan). Univariate analysis of serially measured traits revealed that there 

are no significant changes between LMA measures at 26 and 28 mo of age. The LMA also 

exhibited reduced growth rate after 25 mo of age, so did marbling. On the other hand, IMFT 

and RT exhibited high growth rates after 20 mo. Steers could attain carcass YE of A grade as 

early as 18 mo of age and daily gain (DG) started to diminish from 24 mo of age. 

Considering these results, changing consumer demands and globalization, it may be prudent 

to reduce the slaughter age to about 25 mo. 

In chapter 4, in order to better comprehend the association between the aforementioned 

polymorphisms and growth, serial measurements of body weight, withers height, chest girth 

and abdominal girth at 9, 14, 20 and 28 mo of age were taken in Japanese Black steers that 

were under progeny test (n = 280) at the Livestock Improvement Association of Miyazaki. 

Carcass measurements were taken and their association with genetic polymorphisms was 

evaluated. An ANOVA was done and post hoc analysis was done using Tukey-Kramer’s 

honestly significant test. Polymorphisms in the GH, GHRH, GDF8 (rs137528458) and LEP 

(rs29004508) were significantly associated (p < 0.05) with some growth and carcass traits. 

Thus, these polymorphisms can be useful markers for the improvement of growth and carcass 

traits in Japanese Black cattle.  
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In chapter 5, in order to have a comprehensive analysis of the association between the 

aforementioned genetic polymorphisms and ultrasonic traits, longitudinal measurements of 

ultrasonic traits were taken from 14 to 26 mo of age on 300 Japanese Black steers under 

progeny testing at the Livestock Improvement Association of Miyazaki. Furthermore, the 

association of these genetic polymorphisms and carcass traits was evaluated. The 

polymorphisms in the SCD gene and SREBP1 were associated (p < 0.05) with some 

ultrasonic traits at multiple stages. To add to that, the polymorphisms were associated (p < 

0.05) with some carcass traits. These findings suggest that the polymorphisms in the SCD and 

SREBP1 are functional mutations that can aid in selection to improve some ultrasonic and 

carcass traits. 

Overall, a more comprehensive program that is more efficient is feasible through the use 

of ultrasonic measures and the use of molecular markers.  
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GENERAL INTRODUCTION 

 

Introduction 

Since the initiation of breeding stock unions in 1962 and the registration of animals based 

on their pedigree, body condition score and body measurements, significant progress has 

been made in Japanese Black cattle breeding to date. During the 1950s the concept of 

progeny testing arose and the final standardised procedures were formulated in 1962. In the 

year 1968, official performance and progeny testing programs were initiated in various 

prefectures. In the year 1990 the animal model best linear unbiased prediction (BLUP) was 

introduced to predict breeding values using field progeny testing records (Namikawa 1992). 

Considering this background the organised genetic improvement of the Japanese Black breed 

stretches back to about 50 years ago. Even though the organisation of the breeding program is 

similar at national level, the genetic makeup varies widely from one prefecture to another and 

environmental effects cannot be completely controlled. Hence, improvement programs tailor-

made for each prefecture are the best way forward. This study focused on the Japanese Black 

population in Miyazaki prefecture. 

Traditionally, the information used to predict carcass merit was collected through 

structured carcass sire progeny tests. Carcass sire progeny tests are time consuming, 

expensive, and subject to selection bias. Employing ultrasound technique in breeding 

programs may improve selection programs in numerous ways. Some of the advantages of 

using ultrasound for predicting carcass merit is that ultrasound is relatively inexpensive, has a 

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

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

carcass sire progeny testing program. The most important advantage of using ultrasound 

measurements collected from young breeding stock is that the data can be used to calculate 
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non-parent ultrasound carcass expected progeny differences (EPD), allowing for selection to 

occur at an earlier age. Studies have shown that ultrasound measurements of fat thickness, 

ribeye area, intramuscular fat thickness and fat percentage are moderate to high in heritability 

(Bertrand et al. 2001).  

At early stages of animal development, body measurements are important traits in 

evaluating growth performance. Information about genetic relationships between growth and 

carcass traits is important for designing suitable selection programs. Hirooka et al. (1996) 

indicated that the Japanese Black cattle have lower mature size and growth rate relative to 

other domestic breeds; therefore, there is need to continue working on improving growth rate 

in this breed. 

Since liberalization of beef imports in 1991, Japanese beef producers have faced increased 

competition from foreign producers. To make Japanese beef more competitive on a 

liberalised market, reducing the cost of production is of paramount importance. Providing 

feed to cattle is the single largest expense in most beef production enterprises, and thus, effort 

at improving the efficiency of feed utilization of animals will help reduce production costs 

(Hoque et al. 2006b).  

Heritability is one important component in the prediction of genetic progress from 

selection to improve a trait. Furthermore, it shows how important efforts to improve a trait 

through improved management or environmental conditions may be compared to genetic 

selection. The first two chapters aimed to estimate variance components and heritability of 

ultrasonic, body measurement, feed consumption and feed efficiency traits. 

Though the beef trade was liberalised in 1991, high imports tariffs protected the local beef 

producers however globalization is increasing and this year (2015) the Trans-Pacific 

Partnership (TPP) trade pact was agreed on. This development will lead to the reduction of or 

even removal of import duty/tariffs that were being imposed on foreign meat and meat 
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products. This change means producers in Japan need to prepare for stiff competition from 

abroad. The current average slaughter age is around 30 mo for Japanese Black steers which 

means animals are fattened longer periods than those from competitors such as U.S. and 

Australia. Beef imported from U.S. was from cattle slaughtered at less 21 mo of age during 

the 2005 to 2013 period according to the U.S. Department of Agriculture (USDA 2013) while 

those coming from Australia are slaughtered at 21 or 26 mo of age on average according to 

the New South Wales Department of Primary Industries (NSW DPI 2007). Growth curves for 

body measurements that are provided by the National Wagyu Registry Association (2004) 

show that growth is drastically reduced after about 25 mo of age; keeping animals post this 

age can be associated with diminishing returns.  The other factor that calls for the revision of 

the current rearing scheme is changing consumer demands. According to data from the 

Ministry of Agriculture, Forestry and Fisheries (MAFF 2014), the price gap between 

carcasses of different quality scores is shrinking. This decline in price differences can be 

attributed to changing consumer demands as they are increasingly favoring carcasses with 

lesser marbling among other factors. These factors gave the impetus to analyze the impacts of 

reducing the slaughter age of steers on carcass yield percentage and partly on quality score in 

the third chapter of this study.    

Economically important traits in cattle are determined by both genetic makeup and 

environmental factors. Animal breeders exploit the genetic influence to improve these traits. 

Currently, most beef cattle breeders use phenotypic and pedigree information to calculate 

estimated breeding values (EBV) and subsequently select breeding stock. However, advances 

in technology are making it much easier to identify the genetic basis of phenotypic variation. 

During the past few decades, advances in molecular genetics have led to the identification of 

multiple genes or genetic markers that affect traits of interest in livestock, including those for 

single gene traits and quantitative trait loci (QTL) or genomic regions that affect quantitative 
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traits (Dekkers 2004). This has enabled opportunities to enhance genetic improvement 

programs in livestock by direct selection of genes or genomic regions that affect economic 

traits through marker assisted selection and gene introgression (Dekkers and Hospital 2002). 

Furthermore, the dramatic reduction in the cost of sequencing has led to the discovery of 

numerous single nucleotide polymorphisms (SNP) markers throughout livestock genomes 

(Hayes et al. 2009). The third and fourth chapters in this thesis evaluated the association of 

polymorphisms in genes related with growth and fat metabolism, and economically important 

traits.  

 

Review of literature 

Ultrasonic Measurements of Carcass Characteristics 

Johnson et al. (1993) noted that real-time ultrasound technology offers a practical, non-

destructive, and relatively inexpensive means of collecting indicators of carcass traits from 

live animals. In the past two decades researchers have been gathering ultrasound records, 

potentially for developing ultrasound carcass expected progeny differences and for making 

breeding and management decisions. The scope in which ultrasound technology can be used 

in the beef cattle industry is dependent on the heritability of ultrasound measures and their 

relationship with corresponding carcass traits in fed slaughter cattle.  Wilson (1992) reported 

on the use of ultrasound in livestock species, with an emphasis on the potential for genetic 

improvement programs in beef cattle. Ultrasonic measurements in meat animals are used to 

record live animal anatomical measurements that will allow the prediction of genetic 

differences between individual animals for carcass merit. Ultrasound has been used for more 

than five decades. However, technological advances in ultrasonics, such as real-time imagery 

and portable equipment, have renewed interest in the livestock industry for the use of this 

technology for genetic improvement. 
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Several studies have noted the importance of equipment and technicians for obtaining 

accurate measures utilizing real-time ultrasound. Results from a two part study by Smith et al. 

(1992) suggested that ultrasound measures prior to slaughter were useful in estimating 

carcass fat thickness and imprecise in predicting carcass longissimus muscle area for 

measurements taken with an Aloka 210DX machine. The authors noted that fat thickness was 

underestimated on fatter cattle, whereas, longissimus muscle area was underestimated in 

heavily muscled cattle. In contrast, Herring et al. (1994) found that real-time ultrasound can 

be used to accurately predict fat thickness and longissimus muscle area with qualified trained 

personnel. The authors also noted that significant differences in accuracy and precision of 

measurements were made with an Aloka 500V machine compared with the Aloka 210DX 

machine. On the other hand, little difference in the fat thickness was observed between 

technicians and Aloka 500V and the Aloka 210DX machines. The authors suggested that 

before ultrasound measurements are accepted for use in national cattle evaluations, 

technicians must undergo rigorous training to be tested for proficiency. 

Perkins et al. (1992) scanned yearling feedlot steers and heifers 24 hours prior to slaughter 

to evaluate the accuracy of ultrasonic measurements of fat thickness and longissimus muscle 

area for prediction of actual carcass measures. Animals were scanned by two technicians on 

alternating days using Aloka 210DX machine. The technicians had equal but limited 

experience using ultrasound technology. The authors found no significant differences to exist 

between technicians for absolute differences between ultrasonic and carcass measures. Unlike 

Smith et al. (1992), the accuracy of predicting ultrasonic measures did not change as the level 

of experience increased. Perkins et al. (1992) concluded that ultrasound measures of fat 

thickness and longissimus muscle area may accurately predict final carcass fat thickness and 

longissimus muscle area may accurately predict final carcass fat thickness and longissimus 

muscle area in beef cattle. Waldner et al. (1992) also investigated real-time ultrasound 
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equipment and technicians for accuracy, precision, and determined the most accurate age to 

measure fat thickness and longissimus muscle area. Real-time ultrasound measures of 

longissimus muscle area and 12
th

 rib fat thickness on a total of 60 Brangus bulls were taken 

every 4 mo beginning 4 and 12 mo of age, respectively until 24 mo of age. Bulls were 

scanned with Aloka 210DX and Equisonics LS-300A machines by four technicians with 

various levels of experience. Ten bulls were slaughtered at each evaluation period to 

determine actual longissimus muscle area and fat thickness. Results suggested that estimation 

of ultrasound fat thickness was most accurate when measured at either 12 or 16 mo of age. 

The authors concluded that as fat thickness increased, accuracy of the measurement 

decreased, significant differences between the four technicians were observed, an increase in 

technical skill did not improve the accuracy of estimates for ultrasound fat thickness, and no 

significant difference was found for the two machines for measurements of fat thickness. The 

data further suggested that accurate estimation of longissimus muscle area only occurs at 12 

mo of age, increased levels skill did not improve accuracy of longissimus muscle area 

estimates, no significant differences between the four technicians were present for 

longissimus muscle area measurements, and the Equisonics LS-300A unit was more accurate 

than the Aloka 210DX unit for measuring longissimus muscle area. The authors also found 

that smaller longissimus muscle areas were underestimated, whereas larger longissimus 

muscle areas were overestimated. 

Bergen et al. (1997) assessed the accuracy and repeatability of ultrasound fat thickness 

and ultrasound longissimus muscle area in young performance tested bulls. At the completion 

of the performance test, weights and ultrasound measurements were taken on 617 bulls using 

an Aloka 500V unit prior to slaughter. The authors found high correlations for the ultrasound 

fat thickness (0.95) and ultrasound longissimus muscle area (0.94) between successive 

measurements on the same animal.  Accuracy was determined by comparing ultrasonic 
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measurements of fat thickness and longissimus muscle area to the corresponding carcass 

measurements. Correlations between ultrasound and carcass fat thickness, ultrasound and 

carcass longissimus muscle area were 0.84 and 0.80, respectively. The authors concluded that 

experienced ultrasound technicians could obtain repeatable and accurate measures of 

ultrasound fat thickness and longissimus muscle area in yearling performance tested bulls. 

The combination of value based marketing system and ultrasound technology has 

increased the importance of live animal measurements of carcass traits, especially 

intramuscular fat or marbling. Before live animal measures of intramuscular fat can be used 

as selection criteria or in national cattle evaluations, there must be a means for accurately 

predicting intramuscular fat from ultrasound measurements. Whittaker et al. (1992) reported 

on the basic engineering concepts of ultrasound technology with implications for ultrasound 

technology in beef cattle, specifically for measuring intramuscular fat. Results showed that 

intramuscular fat may be predicted using an A-mode transducer coupled with frequency 

analysis. The authors noted that ultrasound has the potential for determining marbling in live 

animals. The A-mode (amplitude mode) is the simplest type of ultrasound that uses a single 

transducer to scan a line trough the body with the echoes plotted on a screen as a function of 

depth.  

In a study by Hassen et al. (2001), 500 steers were scanned prior to slaughter to develop 

models for predicting intramuscular fat percentage in live beef cattle. Steers averaged 455 

days. Each steer was scanned across the 11
th

 and 13
th

 ribs using Aloka 500V and Classic 

Scanner 200 machines. Four to five images were collected per steer per machine. After 

slaughter, chemical extraction of across sectional slice of the longissimus muscle was used to 

determine actual carcass intramuscular fat percentage. Four prediction models were 

developed separately for each of the two machines. The authors found that both the Aloka 

500V and the Classic Scanner 200 machines could be used to accurately predict 
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intramuscular fat percentage in live beef cattle. In comparing the ultrasound equipment, 

authors found no significant difference in accuracy for predicting intramuscular fat 

percentage for the Aloka 500V and the Classic Scanner 200 machines, when algorithms 

developed at Iowa State University were used. 

 

Heritability of Ultrasound Measurements in Breeding Cattle 

 A study by Johnson et al. (1993) analyzed ultrasound measurements of fat thickness and 

longissimus muscle area from 2,101 Brangus calves. Heritability estimates for age-constant 

(weight-constant in parenthesis) ultrasound fat thickness and ultrasound longissimus muscle 

area were 0.14(0.11) and 0.40 (0.39), respectively. The authors concluded that the moderate 

heritability for longissimus muscle area indicated that selection to change this trait could be 

effective. However, the low heritability estimates for fat thickness would make it very 

difficult to change the genetic ability of animals to fatten through selection based on this 

measurement. 

Turner et al. (1990) analyzed ultrasound measurements of fat thickness and longissimus 

muscle area from 385 yearling Hereford bulls. Heritability estimates for ultrasound fat 

thickness and ultrasound longissimus muscle area were 0.04 and 0.12, respectively. The 

authors noted that ultrasound measures of fat thickness and longissimus muscle area in 

yearling Hereford bulls are less heritable than reported carcass fat thickness and carcass 

longissimus muscle area. The authors suggested that ultrasound longissimus muscle area 

measurements should be adjusted for age, weaning weight, and fat thickness effects.  

Shepard et al. (1996) obtained ultrasound measurements from 1,557 Angus bulls and 

heifers. Images were taken by one of two trained technicians using an Aloka 500V machine. 

Animals ranged from 250 to 550 days in age at the time of scanning. Heritability estimates 

for ultrasound fat thickness and ultrasound longissimus muscle area were 0.56 and 0.11, 
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respectively. The authors noted that both ultrasonic fat thickness and longissimus muscle area 

were under some degree of genetic control, allowing selection to make genetic change in 

these traits. The authors highlighted that more research was needed to determine the genetic 

correlation between ultrasound measurements of fat thickness and longissimus muscle area 

and other economically important traits so that producers can avoid potential detrimental 

overall effects on their herds. 

A study conducted by Wilson et al. (2000) estimated genetic parameters from ultrasound 

measurements of fat thickness, rump fat, longissimus muscle area, and intramuscular fat 

percentage in 8,620 developing Angus heifers from 851 sires. Ultrasound measurements were 

adjusted to a common age of 390 days. Heritability estimates for ultrasound measures of fat 

thickness, rump fat, longissimus muscle area, and intramuscular fat percentage were 0.48, 

0.56, 0.40, and 0.42, respectively. Sire expected progeny differences (EPD) based on 

ultrasound measured traits were compared to EPD based upon carcass measured traits of steer 

progeny. Of the 851 sires with ultrasound EPD, 309 sires also had carcass EPD. Comparisons 

were made between EPD from the two sources of data using sire ranking correlations. The 

rank correlations were 0.72, 0.76, and 0.69 for fat thickness, longissimus muscle area, and 

ultrasound intramuscular fat and marbling score, respectively. The authors concluded that 

producers could use EPD based upon ultrasound measures from developing heifers to predict 

the same genetic differences observed from steer progeny carcass measures. 

 

Heritability of growth traits 

Munim et al. (2012) indicated that at early stages of cattle growth, body measurements of 

animals are important traits for evaluating growth performance of calves because they can be 

done repeatedly when an animal is young. Growth is one of the most economically important 

quantitative traits that affect carcass quality in beef cattle (Chung and Kim 2005). Most 
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studies have found out that growth traits have moderate heritabilities. Shojo et al. (2006) 

analysed data from calf and carcass markets in Hyogo and Tottori prefectures. In their study 

they estimated direct and maternal heritabilities for calf market weight to be 0.22 and 0.07 in 

Hyogo, and 0.37 and 0.15 in Tottori, respectively. A comprehensive study by Oyama (2011) 

analysed genetic variability of Wagyu cattle estimated by various statistical approaches. The 

study highlighted that heritability of daily gain for performance test stock ranged from 0.19-

0.40 while the mean unweighted and weighted heritabilities were 0.29 and 0.34, respectively. 

Furthermore, heritability of weight at the end of the test ranged from 0.39-0.80 while the 

mean unweighted and weighted heritabilities were estimated at 0.59 and 0.61, respectively. 

Calf market weight heritability estimates in the same study ranged from 0.15-0.55 while the 

unweighted and weighted mean heritability estimates were 0.30 and 0.29, respectively.  Fan 

et al. (1995) estimated genetic parameters for postweaning weight gain in Hereford and 

Angus bulls. Heritability estimates for weaning weight were 0.46 and 0.16 for Hereford and 

Angus cattle, respectively. The authors also estimated average daily gain (ADG) heritability 

to be 0.16 and 0.24, respectively for the two breeds. 

 

Heritability of feed consumption and feed efficiency traits 

Feed costs represent a major economic input for beef cattle production. Individual cattle 

differ in their ability to efficiently utilize feed (Bailey et al. 1971; Garret 1971; Freeman 

1975). Selecting the most efficient animals may effectively lower production costs.  The 

efficiency of feed utilisation is difficult to quantify than that of growth; consequently, 

different measures of feed efficiency have been developed over the years (Arthur et al. 2001). 

Fan et al. (1995) estimated heritability for metabolizable energy intake to be 0.19 and 0.31 

for Hereford and Angus bulls, respectively. The authors also estimated pooled heritabilities 

for dry matter feed intake, residual feed consumption, feed efficiency and net feed efficiency 
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to be 0.24, 0.14, 0.16, and 0.21, respectively. A review by Oyama (2011) highlighted a 

heritability range of 0.26-0.74 for roughage intake in performance test Wagyu cattle. The 

same study also indicated that heritability for concentrate intake during performance testing 

ranged from 0.18-0.53. To add to that, heritability estimate ranges for digestible crude protein 

conversion and total digestible nutrients conversion were reported to be 0.03-0.21 and 0.11-

0.46 for performance test stock, respectively.  

 

Prospects of early slaughter based on serially measured ultrasonic traits 

Now more than ever the prospects of early slaughter need to be evaluated because of 

changes that are happening in animal production industry. Two decades of data on carcass 

prices of locally produced beef have shown a decline in the price gap of carcasses of different 

quality score. The data from the Ministry of Agriculture, Forestry and Fisheries (MAFF 

2014), has shown decreases in prices between carcasses of different quality scores (e.g. A5, 

A4, A3, A2). The diminishing gap could be attributed to changing consumer tastes as 

customers demanding carcasses with less marbling among other factors. Given that one of the 

main reasons to slaughter late is to produce highly marbled beef, the apparent decrease in 

demand of the highest quality score justifies a reduction in the slaughter age. The other factor 

is that there is increased competition from foreign products. Beef coming into Japan is from 

cattle slaughtered at relatively young ages; the one imported from the U.S between 2005 and 

2013 was from cattle less than 21 mo of age (U.S. Department of Agriculture, USDA 2013). 

This implies that these cattle are fattened for less periods of time hence less costly. 

Furthermore, the sealing of the Trans-Pacific Partnership (TPP) implies that import 

duty/tariffs of meat and meat products will be removed or reduced thereby lowering the 

prices further.  
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A reduced fattening period of the Japanese Black steers will reduce the production costs 

and ultimately reduce the price of locally produced beef.  To estimate the impact of reduced 

slaughter age on carcass price determinants like carcass yield estimate percentage and 

marbling (a component of the quality score) analysis of serial measures of relevant traits was 

necessary.  The statistical analysis of repeated measures of data makes it feasible to estimate 

growth curves and make regression analysis of economically important traits. The detailed 

merits and ways to analyze serial measures were discussed by Lindsey (1993); Meyer and 

Hill (1997); Littell et al. (1998).  

 

The role of molecular genetics in livestock breeding 

The significant achievements attained in the breeding of the Japanese Black cattle in the 

past decades can be attributed to the traditional quantitative techniques as described by 

Namikawa (1992). However, the development of the polymerase chain reaction has given 

animal breeders to capability to do selection at molecular level (Fore et al. 2006; Van Marle- 

Köster et al. 2013). During the past few decades, advances in molecular genetics have led to 

identification of multiple genes or genetic markers that affect traits of interest in livestock 

including those for single gene traits and quantitative trait loci (QTL) or genomic regions that 

affect quantitative traits (Dekkers 2004). These developments have opened up opportunities 

to enhance genetic improvement programs in livestock by direct selection of genes or 

genomic regions that affect economic traits through marker assisted selection (Dekkers and 

Hospital 2002). To add to that, the dramatic reduction in the cost of sequencing has led to the 

discovery of numerous single nucleotide polymorphisms (SNP) markers throughout livestock 

genomes (Hayes et al. 2009). The creation of centralized databases of genomes and genetic 

variation in various species including livestock has accelerated the progress in molecular 
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breeding; one such database is the Single Nucleotide Database (dbSNP) of the National 

Center of Biotechnology Information (NCBI).  

Particular attention is being paid on the genes that affect economically important traits. Of 

paramount importance are genes that affect growth and carcass traits. One of the genes 

explored is the growth hormone (GH). In Japanese black cattle, polymorphisms in the GH 

have been reported to affect calf, heifer and cow body weight (Ardiyanti et al. 2009; Ishida et 

al. 2010). Ardiyanti et al. (2012) showed that GH polymorphisms affect lipogenic gene 

expression levels hence its association with fat related carcass traits was also evaluated in this 

study. Apart from the GH, polymorphisms in the growth hormone releasing hormone 

(GHRH), myostatin (GDF8), leptin (LEP) have also been evaluated among other genes. 

Polymorphisms in GHRH have been shown to be associated with hucklebone width and body 

weight in Chinese (Nanyang and Qinchuan) cattle (Zhang et al. 2012).  Myostatin mutations 

have proved to be related with muscular hypertrophy and double muscling in sheep (Gan et al. 

2008).  Furthermore, one of the mutations in the GDF8 is being used in sheep breeding in 

New Zealand; sheep that have an A allele for this marker are guaranteed to have at least 5 % 

more muscling in leg and ramp. The LEP hormone is associated with control of body weight, 

feed intake, immune function and reproduction. A study by Kong et al. (2006) reported that a 

SNP in the exon 2 of the LEP gene was associated with backfat thickness and longissimus 

muscle area in Korean cattle.  

Genes involved in fat metabolism can have economical implications on meat production 

as they influence carcass traits like marbling and fat thickness. Among the many genes that 

are involved in fat metabolism are: fatty acid synthase (FASN), stearoyl-coenzyme A 

desaturase (SCD), sterol regulatory element-binding protein 1 (SREBP1), diacylglycerol 

acyltransferase 1 (DGAT1), and nuclear receptor subfamily 1, group H, number 3 (NR1H3). 

Polymorphisms in these genes were described in previous studies by (Taniguchi et al. 2004; 
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Abe et al. 2009; Kawahara-Miki et al. 2011; Lee et al. 2013; Oppi-Williams et al. 2013). 

Polymorphisms in FASN were associated with fatty acid composition in Japanese Black cattle 

according to a study by Matsuhashi et al. (2011). Alternative alleles were shown to affect the 

fatty acid composition of the longissimus muscle area, the proportion of shorter and longer 

fatty acids were different in carcasses from animals carrying different alleles. Matsuhashi et 

al. (2011) also reported that an SNP in the SCD gene was associated with luster, firmness and 

texture in Japanese Black cattle. A study in Korean (Hanwoo) cattle by Lee et al. (2013) 

showed that an SNP in the SREBP1 was associated with marbling score. An SNP in the 

DGATI was indicated to affect back fat thickness in Spanish commercial beef cattle (Avilés et 

al. 2013). Furthermore, DGAT1 has been implicated as a potential candidate gene for 

intramuscular fat deposition in cattle (Thaller et al. 2003). A recent study has showed that 

NR1H3 potentially regulates acetyl-coenzyme A carboxylase, FASN and DGAT (Oppi-

Williams et al. 2013).  
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CHAPTER 1 

 

Genetic parameters for body measurements in young Japanese 

Black bulls 

 

1.1 Introduction 

Growth is one of the most economically important quantitative traits that affect carcass 

quality in beef cattle (Chung and Kim 2005). Growth can be assessed by measuring different 

linear dimensions in livestock.  These include withers height, chest girth, body length and 

rump length among others. Body weight can also be measured to assess growth. Body 

measurements are relatively easy to measure. Apart from growth they also indicate an 

animal’s fitness and reproductive ability. Linear body measurements can also be used to 

predict body weight; this can be very useful as some farmers do not have weighing 

equipment but can take linear measurements of their livestock. Yahata and Namikawa (1974) 

outlined simple equations that can be used to estimate body weight through body 

measurements. Predictions equations are not only useful in estimating weight but also very 

useful in evaluating the fattening level of beef stock. Other studies have examined the fitting 

of non-linear growth models for describing growth pattern of body weight and body 

measurements in foreign breeds (Brown et al. 1976; Lopez de Torre and Rankin 1978), in 

Japanese Black females (Mukai et al. 1980; Mukai and Fukushima 1982), in Japanese Black 

steers (National Wagyu Registry Association 2004) and Japanese Black young calves 

(Kumazaki et al. 1955; Fukuhara et al. 1973).   
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The Japanese beef industry continues to change due to increased competition from foreign 

products and other protein sources. In 1960, the level of beef consumption was about the 

same as pork consumption, corresponding to the same price levels. However, in the process 

of economic development in Japan, the price of beef rose sharply relative to the price of pork, 

resulting in a drop in consumption of beef relative to pork. The major factor behind the rise of 

beef prices relative to pork prices was a lag in technological development to exploit 

economies of scale. Furthermore, beef import was liberalized in April 1991 according to the 

Beef Market Access Agreement (BMAA) (Kobayashi 1999). Imports dominated for the first 

time in 1992 Japanese fiscal year (JFY), and the rate of self-sufficiency of beef has 

remarkably decreased thereafter, falling to 36% in 1997 JFY. Considering this background, 

cattle breeders and farmers should prioritize production efficiency in their breeding programs. 

In the past, genetic improvement has been aimed mainly at output traits such as fertility 

and live weight, and more recently carcass and meat quality traits, with little emphasis placed 

on reducing inputs. Feed is the largest cost category in beef production system. Increasing the 

efficiency of feed utilization will result in reduced costs and may increase competitiveness 

Japanese beef on a liberal market. Heritability shows how important efforts to improve a trait 

through improved management or environmental conditions may be compared to genetic 

selection. The objective of this chapter, therefore, was to estimate variance components and 

heritability of growth traits, feed consumption, and feed efficiency in performance test stock. 

 

1.2 Materials and Methods 

1.2.1 Experimental animals 

Data used in this study were collected in Miyazaki on performance test bulls at the 

Livestock Improvement Association of Miyazaki. For this study, 525 young bulls 

performance tested from 1990 to 2012 were used. Bull calves collected from designated 
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farms within an age limit of 6 to 7 mo and a body weight of 200 to 300kg were performance 

tested for 112 days at the test station. After a three week adjustment period, bulls were 

housed individually in 2.7 m x 3.6 m pens with approximately 10 m
2
 of paddock for 

voluntary exercise. After three weeks of being introduced to the feed, the bulls were given 

free access to roughage; however, feeding of concentrate was restricted to twice a day, 

morning and evening. In addition to roughage and concentrate, water was supplied ad libitum. 

Sufficient feed was given to each animal according to previous consumption. Records of 

roughage and concentrate intake were maintained on a dry matter basis throughout the test. 

Body weight was measured regularly during the test period and feed intake was measured 

daily by the difference between supplied and left over feed. 

                     

Figure 1. The positions for body measurements 

Wither height (WH): A to M Chest girth (CG): BGIG’B 

Hip height (HH): C to N Chest width (CW): G to G’ 

Chest depth (CD): B to I Hip width (HW): D to D’ 

Body length (BL): K to F Thurl width (TW): E to E’ 

Rump length (RL): P to F Pin bone width (PBW): F to F’ 
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1.2.2 Body measurement procedures and traits 

Body measurements were taken on 525 young bulls at about 11 mo of age using a steel rod, 

caliper and measuring tape calibrated in centimeters. The body measurements positions are 

illustrated in Figure 1. Body measurement traits studied included body weight at the start of 

test (BWS), body weight at the end of test (BWE), and daily gain during the test period (DG). 

The following body measurements were taken at the end of the test: wither height (WH), hip 

height (HH), chest depth (CD), body length (BL), rump length (RL), chest width (CW), hip 

width (HW), thurl width (TW), pin bone width (PBW), and chest girth (CG).  

 

1.2.3 Feed management and traits  

The feed consumption and feed efficiency traits studied were concentrate intake (CONI), 

roughage intake (ROUI), digestible crude protein intake (DCPI), total digestible nutrient 

intake (TDNI), rate of roughage intake (RRI), digestible crude protein conversion ratio 

(DCR) and total digestible nutrient conversion ratio (TDNC). The RRI was calculated as 

ROUI divided by total feed intake multiplied by 100.  Digestible crude protein conversion 

ratio was calculated as DCPI divided by weight gain. Total digestible nutrient conversion 

ratio was calculated as TDNI divided by weight gain.  

 

1.2.4 Statistical methods 

Analysis of variance (ANOVA) was done using JMP
®
 5.0.1 (SAS) program. Furthermore, 

single trait analysis was done to estimate variance components and heritability. The mixed 

model fitted included fixed effects of testing year, starting season, as well as the covariate age 

at the start of the test and the random additive genetic effect of the sire. The mixed model 

equation was as follows: 

Yijklm = µ + Yi + Sj + ak(Aijkl-  ) + sl +  eijklm 
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Where: Yijklm = observation, µ = overall mean, Yi = fixed effect of the i
th

 year, Sj = fixed effect 

of the j
th

 season,    ak = coefficient of linear regression of age at the start of the test, sl = 

random effect of the l
th

 sire, eijklm = random residual effect of each observation. Standard 

errors (SE) of estimates of heritability were calculated by formulas of Falconer (1981) as 

implemented by Carnier et al. (2000). The formula was as follows: 

     =  
                   

           

 
 

Where: t = heritability divided by four, k = number of offspring per sire, and s = number of 

sires.  
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1.3 Results and Discussion  

1.3.1 Summary of phenotypes 

 

Table 1.1 Data summary including description of body measurement traits, units of measurements, 

number of records, means, standard deviations (SD), minimum (Min) and maximum values (Max) 

 

Trait 

 

 

Description 

 

 

Units 

 

Records 

 

Mean 

 

SD 

 

Min 

 

Max 

 

BWS 

 

Body weight at the start of the 

test 

 

 

kg 

 

525 

 

260.8 

 

26.1 

 

147.0 

 

377.0 

BWE Body weight at the end of the test kg 525 390.8 31.8 300.0 532.0 

DG Daily gain during the test kg/day 525 1.2 0.1 0.7 1.6 

BL Body length  cm 525 139.9 4.2 128.6 154.8 

CD Chest depth cm 525 60.4 1.6 55.0 67.0 

CW Chest width cm 450 41.7 1.8 36.0 48.5 

CG Chest girth cm 525 169.8 4.5 152.0 188.0 

HH Hip height cm 525 126.4 3.1 114.6 135.2 

HW Hip width cm 525 40.8 1.5 36.0 50.0 

PBW Pin bone width cm 525 26.1 1.4 21.0 31.0 

RL Rump length cm 525 47.7 1.5 42.0 53.0 

TW Thurl width cm 525 43.1 1.7 38.0 49.0 

WH Wither height cm 525 125.0 2.9 111.2 135.0 

 

Mean, standard deviation (SD), minimum and maximum values for each variable are 

presented in Table 1.1. Mean values for BWS and at BWE were 260.8 and 390.8 kg, 

respectively. BL, CD, CW, HG, and HH had average values of 139.9 cm, 60.4 cm, 41.7 cm, 

169.8 cm, and 126.4 cm. Furthermore, values for HW, PBW, RL, TW, and WH were 40.8 cm, 

26.1 cm, 47.7 cm, 43.1 cm, and 125.0 cm, respectively. The results are almost similar to 
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those reported by Sri Rachma et al. (1999b) on performance test stock in Kagoshima 

prefecture. They reported average values of 138.9 cm, 62.1 cm, 43.3 cm, 172.8 cm, 124.6 cm, 

41.5 cm, 29.8 cm, 48.7 cm, 43.1 cm and 123.4 cm for BL, CD, CW, HG, HH, HW, PBW, RL, 

TW, and WH, respectively. Though the study by Sri Rachma et al. (1999b) was done more 

than decade ago, the body dimension measurements in the two studies are similar. This is 

because breeding institutions of the Japanese Black breed have a body control system in their 

selection criteria for livestock management purposes. 

 

Table 1.2 Data summary including description of feed consumption and feed efficiency  traits, units 

of measurements, number of records, means, standard deviations (SD), minimum (Min) and 

maximum values (Max) 

 

Trait 

 

 

Description 

 

 

Units 

 

Records 

 

Mean 

 

SD 

 

Min 

 

Max 

 

CONI 

 

Concentrate intake 

 

Kg 

 

525 

 

530.3 

 

40.2 

 

271.0 

 

851.0 

ROUI Roughage intake Kg 525 413.1 45.3 149.0 722.0 

DCPI Digestible crude protein intake Kg 525 77.9 5.1 51.0 116.0 

TDNI Total digestible nutrient intake Kg 525 579.4 38.8 438.0 824.0 

RRI Rate of roughage intake % 525 43.9 2.9 20.0 69.0 

DCR Digestible crude protein conversion 

ratio 

 

 - 525 0.6 0.1 0.4 1.9 

TDNC Total digestible nutrient conversion 

ratio 

 - 525 4.5 0.6 0.3 11.1 

 

A summary describing feed consumption and feed efficiency traits is given in Table 1.2. 

Concentrate intake (CONI) and ROUI had average values of 530.3 and 413.1 kg, respectively. 

Performance test livestock in Miyagi prefecture had average values of 618.7 and 323.2 kg, 

respectively (Oikawa et al. 2006). This highlights variation in feed consumption patterns in 
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different populations. DCPI, TDNI and RRI had mean values of 77.9 kg, 579.4 kg and 

43.9 %, respectively. Hoque et al. (2009) reported values of 0.73 kg/day, 5.38 kg/day and 

34.78 %, sequentially in performance test stock in Miyagi prefecture. DCR and TDNC mean 

values in this study were 0.6 and 4.5, in that order. Values reported by Hoque et al. (2009) 

were 0.62 and 4.58 for DCR and TDNC, respectively. 

 

1.3.2 Analysis of variance of body measurements  

Table 1.3 Analysis of variance (ANOVA) for body measurement traits 

                 Effect 

Trait Season Year Age 

 Spring Summer Autumn Winter   

BWS (kg) **  256.27 ± 3.06
a 

271.68 ± 2.59
b 

268.47 ± 3.14
b 

251.86 ± 2.18
a 

** ** 

BWE (kg) **  383.36 ± 3.77
a 

399.97 ± 3.19
b 

386.93 ± 3.87
a 

387.17 ± 2.71
a 

* ** 

DG (kg/day) **      1.14 ± 0.01
b 

1.14 ± 0.01
b 

1.08 ± 0.01
a 

1.20 ± 0.01
c 

** ** 

BL (cm) ns  139.72 ± 0.49 140.33 ± 0.41 139.49 ± 0.51 139.96 ± 0.35 ** ** 

CD (cm) ns    60.24 ± 0.19  60.69 ± 0.16 60.29 ± 0.20 60.46 ± 0.13 ** ** 

CW (cm) **    41.37 ± 0.23
a 

42.31 ± 0.20
b 

41.92 ± 0.24
b 

41.91 ± 0.15
b 

** ** 

HG (cm) **  167.79 ± 0.55
a 

171.45 ± 0.45
c 

170.61 ± 0.57
c
 169.03 ± 0.38

b 
** ** 

HH (cm) ns  126.17 ± 0.36 126.81 ± 0.30 126.14 ± 0.37 126.39 ± 0.26 ns ** 

HW (cm) *     40.57 ± 0.19
a 

41.24 ± 0.17
b 

40.74 ± 0.20
a 

40.76 ± 0.14
a 

* ** 

PBW (cm) **    25.71 ± 0.18
a 

26.38 ± 0.16
c 

26.20 ± 0.19
bc 

25.98 ± 0.14
ab 

* ** 

RL (cm) ns    47.50 ± 0.17 47.89 ± 0.14 47.60 ± 0.18 47.60 ± 0.12 ** ** 

TW (cm) ns    42.85 ± 0.21 43.28 ± 0.18 42.83 ± 0.21 43.00 ± 0.16 * ** 

WH (cm) *   124.77 ± 0.35
a
 125.22 ± 0.30

b
 124.66 ± 0.36

a
 125.22 ± 0.26

b
 * ** 

.BWS: body weight at the start of the test, BWE: body weight at the end of the test, DG: daily gain during the test, BL: body length, CD: 

chest depth, CW: chest width, CG: chest girth, HH: hip height, HW: hip width, PBW: pin bone width, RL: rump length, TW: thurl width, 

WH: wither height. 

* Significant (p < 0.05), ** highly significant (p < 0.001), ns: not significant.abc Means bearing the same superscript don’t differ significantly. 
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Table 1.3 shows analysis of variance results for growth traits in performance test stock. 

Test start season had highly significant effects (p < 0.001) on both BWS and BWE. Cattle 

that started performance testing in summer had higher initial and finishing weights compared 

to other seasons. Starting season also had highly significant effects (p < 0.001) on DG, CW, 

HG, and PBW. To add to that, season also had significant effects (p < 0.05) on HW and WH. 

However, the effect of season was not evident on BL, CD, HH, RL, and TW. The general 

trend seems to show that animals that start performance testing in spring and winter have 

lower dimension measurements. Testing year had highly significant (p < 0.001) effects on 

BWS, DG, BL, CD, CW, HG, and RL. Testing year also had a significant (p < 0.05) effect on 

BWE, HW, PBW, TW, and WH. The effect of testing year was not significant on HH only. 

Age of animal at the start of test was highly significant (p < 0.001) on all growth traits.   

 

1.3.3 Analysis of variance of feed efficiency  

 

Table 1.4 Analysis of variance (ANOVA) for feed consumption and feed efficiency traits 

 Effect 

Trait  Season Year Age 

 Spring Summer Autumn Winter   

 

CONI (kg) 

 

*   511.25 ± 4.90
a
   

 

524.49 ± 4.05
b 

 

518.17 ± 5.10
ab 

 

511.47 ± 3.37
a 

 

** 

 

** 

ROUI (kg) **  432.96 ± 5.78
b 

437.86 ± 4.48
b 

411.60 ± 5.94
a 

411.39 ± 4.05
a 

** ** 

DCPI (kg) **    78.76 ± 0.74
bc 

80.28 ± 0.64
d 

78.69 ± 0.75
ab 

76.65 ± 0.55
a 

** ** 

TDNI (kg) **  574.29 ± 4.78
ab 

586.41 ± 4.00
c 

570.80 ± 4.91
ab 

566.34 ± 3.35
a 

** ** 

RRI (%) *     45.89 ± 0.37
b 

45.59 ± 0.31
b 

44.75 ± 0.39
a 

44.74 ± 0.25
a 

** ns 

DCR **      0.64 ± 0.01
b 

0.64 ± 0.01
bc 

0.66 ± 0.01
c 

0.59 ± 0.01
a 

** ** 

TDNC **      4.51 ± 0.07
b 

4.65 ± 0.06
c 

4.75 ± 0.07
c 

4.29 ± 0.05
a 

** ** 

CONI: concentrate intake, ROUI: roughage intake, DCPI: digestible crude protein intake, TDNI: total digestible crude protein intake, RRI: 

rate of roughage intake, DCR: digestible crude protein conversion ratio, TDNC: total digestible nutrient conversion rate. 

* Significant (p < 0.05), ** highly significant (p < 0.001), ns: not significant.  abcMeans bearing the same superscript don’t differ 

significantly. 
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Analysis of variance results for feed consumption and feed efficiency traits are given in 

Table 1.4. The effect of starting season was significant (p < 0.05) on CONI and RRI. 

Concentrate intake seems to be low in animals that start performance test in winter and spring 

season. Starting season was highly significant (p < 0.001) on ROUI, DCPI, TDNI, DCR, and 

TDNC.  A study by Mujibi et al. (2010) analyzed the effect of season of testing on feed 

intake and efficiency in growing beef cattle. Their research found out that feed intake 

correlation with air temperature, relative humidity, solar radiation, and wind speed was 

different in two seasons they investigated (fall-winter and winter-spring). Factors they 

highlighted may also be part of the reason of seasonal differences in feed intake and 

efficiency observed in the current study. Year was highly significant (p < 0.001) on all traits. 

Age at the start of the test was also highly significant (p < 0.001) on all traits except RRI. 

 

1.3.4 Heritability of body measurements  

Heritabilities and variance components of growth traits are outlined in Table 1.5. 

Heritability estimates of 0.22 and 0.26 for BWS and BWE are significantly lower than 

estimates of 0.50 and 0.63 reported by Oikawa et al. (2006). These authors analyzed 

performance test data on 409 bulls in Miyagi prefecture. However, estimates done by Oikawa 

et al. (2000) in Okayama prefecture were 0.31 and 0.36 for BWS and BWE, respectively. In a 

review, Oyama (2011) penned a range of 0.39-0.80 for weight at the end of performance. 

The current study had a heritability estimate of 0.21 for DG. This value is similar to 

estimates of 0.23 by Oikawa et al. (2000, 2006). In a study by Hoque et al. (2006a) data from 

740 performance test bulls on performance testing in Okayama prefecture was analyzed; the 

estimated heritability was 0.21.  
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Table 1.5 Estimates of variance components and heritability for body measurement traits 

Trait  Parameter  

 σ
2
a σ

2
p h

2
a 

 

BWS 

 

160.421 

 

      720.951 

 

0.22 ± 0.17 

BWE 276.484       1081.083 0.26 ± 0.18 

DG 0.003 0.015 0.21 ± 0.17 

BL 3.585 18.774 0.20 ± 0.17 

CD 0.808 2.610 0.31 ± 0.18 

CW 0.006 0.059 0.10 ± 0.16 

HG 4.810 21.274 0.23 ± 0.18 

HH 2.340 9.956 0.24 ± 0.18 

HW 1.264 2.685 0.47±0.19 

PBW 1.797 2.473 0.73 ± 0.21 

RL 0.383 2.297 0.17 ± 0.17 

TW 1.695 3.167 0.52 ± 0.20 

WH 2.954 9.318 0.31 ± 0.18 

BWS: body weight at the start of the test, BWE: body weight at the end of the test, DG: daily gain during the test, BL: body length, CD: 

chest depth, CW: chest width, CG: chest girth, HH: hip height, HW: hip width, PBW: pin bone width, RL: rump length, TW: thurl width, 

WH: wither height. 

σ2
a: additive genetic variance, σ

2
p: phenotypic variance, h2

a: direct heritability ± standard error. 

   

Heritability estimates of 0.20 and 0.31 were obtained for BL and CD, respectively. Munim 

et al. (2012) reported estimates of 0.29 and 0.26 for BL in four and eight mo old calves, 

respectively in Okayama prefecture. The same study also had estimates of 0.37 and 0.18 for 

CD in calves at four and eight mo of age, in the same order. 

Chest width (CW), HG, and HH had estimates of 0.10, 0.23, and 0.24, respectively. 

Higher estimates were obtained in four mo old calves by Munim et al. (2012). They reported 

values of 0.19, 0.47, and 0.55 for CW, HG, and HH. The same authors had estimates of 0.35 
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and 0.47 for HG and HH, respectively; in the same population of calves at eight mo of age. 

On the contrary, their heritability estimate of CW at 8 mo of age was significantly low (0.06); 

this highlights the volatility of heritability with age. 

This study had heritability estimates of 0.47, 0.73, and 0.17 for HW, PBW, and RL, 

sequentially. In a recent study by Munim et al. (2012); serially measured HW had estimates 

of 0.28 and 0.36, respectively. The same study had heritability estimates of 0.35 and 0.41 for 

PBW at four and eight mo of age, respectively. Furthermore, the authors estimated 

heritability for RL to be 0.31 and 0.27 at four and eight mo of age in the same population of 

Japanese Black calves. Though these estimates differ significantly with the ones in the 

current study, the pattern of heritability for the three traits was similar in the two studies. 

PBW had the highest heritability while RL showed the lowest heritability. 

Thurl width (TW) and WH had heritability estimates of 0.52 and 0.31, in the same order. 

Mukai (1994) reported a lower heritability estimate of 0.30 for TW; while Yang et al. (1985) 

reported a heritability estimate of 0.76 in Japanese Black cattle. A study conducted on Korean 

cattle at 12 mo of age reported estimates of 0.33 and 0.24 for WH at 12 and 27 mo of age, 

respectively (Han et al. (1996).  Munim et al. (2012) had estimates of 0.42 and 0.23 for 

sequentially measured TW. The same authors reported estimates of 0.36 and 0.49 for 

sequentially measured WH in the same population.  

 

1.3.5 Heritability of feed efficiency 

Estimates of variance components and heritability for feed consumption and feed 

efficiency traits are given in Table 1.6. Concentrate intake (CONI) and ROUI had heritability 

estimates of 0.21 and 0.39, sequentially. Hoque et al. (2009) reported a heritability range of 

0.27-0.41 for CONI using data on 514 performance tested bulls. They also reported a 

heritability range of 0.28-0.41 for feed intake; the estimate is close to estimates in the current 
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study. An estimate of 0.39 was reported by Arthur et al. (2001) in young Angus bulls. 

Furthermore, Hoque et al. (2006a) estimated heritability for daily feed intake to be 0.34 in 

performance stock in Okayama prefecture.  On the other hand, a study by Oikawa et al. 

(2006) in Miyagi prefecture estimated heritability for CONI and ROUI to be 0.48 and 0.21, 

respectively.  

 

Table 1.6 Estimates of variance components and heritability for feed consumption and feed efficiency 

traits 

Trait       Parameter  

 σ
2

a  σ
2
p               h

2
a 

 

CONI 

 

359.656 

 

1703.282 

 

0.21 ± 0.17 

ROUI 887.609 2272.968 0.39 ± 0.19 

DCPI 8.998 27.848 0.32 ± 0.18 

TDNI 405.791 1607.680 0.25 ± 0.18 

RRI 2.796 9.322 0.30 ± 0.18 

DCR 0.002 0.009 0.20 ± 0.17 

TDNC 0.065 0.314 0.21 ± 0.17 

CONI: concentrate intake, ROUI: roughage intake, DCPI: digestible crude protein intake, TDNI: total digestible crude protein intake, RRI: 

rate of roughage intake, DCR: digestible crude protein conversion ratio, TDNC: total digestible nutrient conversion rate. 

σ2
a: additive genetic variance, σ2

p: phenotypic variance, h2
a: direct heritability ± standard error.  

 

Digestible crude protein intake (DCPI), TDNI, and RRI had heritability estimates of 0.32, 

0.25, and 0.30, sequentially. A comprehensive review by Oyama (2011) had a very wide 

range for heritability estimates of roughage intake during performance test. The study 

reported a range of 0.26-0.74 while unweighted and weighted mean heritabilities were 

estimated to be 0.49 and 0.44, respectively. Hoque et al. (2009) reported heritability values 

ranging from 0.32 to 0.38 for DCPI using three different models in the same population. 
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Furthermore, their study had a heritability range of 0.26-0.38 for TNDI while heritability for 

RRI had a range of 0.43-0.50. The heritability for RRI in the current study was outside the 

range given by Hoque et al. (2009); highlighting differences in the two populations. 

This study estimated heritabilities for DCR and TDNC to be 0.20 and 0.21, respectively. A 

similar value was estimated in young Angus bulls by Arthur et al. (2001); they reported a 

heritability estimate of 0.28. Heritability estimate for DCR in this study falls within the upper 

limit of a range reported by Oyama (2011). The author reported a heritability range of 0.03-

0.21 and unweighted and weighted mean values of 0.14 and 0.15, respectively. To add to that, 

the review reported a range of 0.11-0.46 and an unweighted and weighted mean heritability 

value of 0.22 for TDNC. 

 

1.4 Conclusion 

All growth traits except CW had heritability values in the moderate to high category. 

These results indicate that genetic improvement for growth can be achieved through selection.  

Phenotypic values for most body measurements are moderate or good indicators of an 

animal’s genetic merit or breeding value. The analysis of variance indicated that 

environmental effects significantly affect growth of animals. Seasonal changes in both feed 

consumption and efficiency of feed utilization were evident. This highlights the importance 

of considering seasonal differences when evaluating cattle.  There was considerable genetic 

variation in feed consumption and efficiency of feed utilization. This implies that feed 

efficiency can be improved through selection.  

The selection based on body measurements and feed efficiency traits in young bulls will 

result in a population with not only increased growth rates but also impressive feed utilization. 

This will result in an efficient selection program and increased productivity in the field.  
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CHAPTER 2 

 

Feasibility of using the ultrasound technique in the genetic 

improvement of young Japanese Black bulls 

 

2.1 Introduction 

Growth and carcass traits constitute some of the most important traits in performance test 

programs. Growth is relatively easy to assess through measurement of various body 

dimensions. However, assessment of carcass quality and quantity in live animals requires 

much sophisticated technology and can be time consuming; consequently, a number of 

methods have been devised to assess these traits in livestock. A number of ways have been 

innovated to assess live animal carcass traits, these include: ultrasound (US), mechanical and 

optical probes, electromagnetic scanning, electrical impedance, computer tomography (CT) 

and nuclear magnetic resonance (Wilson 1992). Computer Tomography (CT) has been 

highlighted to be more accurate in predicting the body composition, however, US is much 

cheaper, quicker, easier to operate and has a tremendous advantage of mobility (Junkuszew 

and Ringdorfer 2005).The ultrasound technique has been demonstrated to be satisfactory in 

predicting rib eye area (REA), rib thickness (RT), subcutaneous fat thickness (SFT) and 

intermuscular fat thickness (IMFT) (Stouffer et al. 1961; Davis et al. 1966; Forrest et al. 

1989). 

Beef cattle breeders and farmers select breeding stock according to their phenotypic 

values; their success in changing the characteristics of the population can be predicted only 

from the knowledge of the degree of correspondence between phenotypic values and 
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breeding values. This degree of correspondence is measured by heritability. Genetic 

parameters for ultrasonic traits in the Japanese Black population are very scarce; therefore, 

this chapter aimed to estimate genetic parameters for ultrasonic traits in young performance 

test bulls in Miyazaki prefecture. 

 

2.2 Materials and Method 

2.2.1 Experimental animals 

Data used in this chapter were collected in Miyazaki on performance test bulls (525) at the 

Livestock Improvement Association of Miyazaki. Details on animal management are given in 

Chapter 1. 

 

2.2.2 Scanning procedures and traits 

 

 

Figure 2 Schema showing positions of the ultrasonic trait measurements between the 6
th

 and 7
th
 thoracic 

vertebra area. a: longissimus muscle area (ULMA, cm
2
); b: subcutaneous fat thickness (USFT, mm); c: 

intermuscular fat thickness (UIMFT, mm); d: rib thickness (URT, mm); e: beef marbling score (UBMS); f: 

trapezius muscle thickness (UTMT, mm), g: latissimus muscle thickness (ULMT, mm) and h: is the actual 

position of rib thickness measurement (RT). 
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Ultrasonic scanning was done at about 11 mo of age between the 6
th 

-7
th

 and 12
th

-13
th

 rib 

on the left side in performance test stock to obtain ultrasonic carcass traits of longissimus 

muscle area (ULMA) which is also referred to as rib eye area, subcutaneous fat thickness 

(USFT), intermuscular fat thickness (UIMFT), rib thickness (URT), beef marbling score 

(UBMS), trapezius muscle thickness (UTMT), and latissimus muscle thickness (ULMT); 

positions of measurements are shown in Figure 2. Only ULMA was measured on both 

scanning sites, all other traits were measured on the 6
th 

-7
th 

rib section only. Scanning 

equipment employed was SEM-500 (FHK Co. Ltd., Japan) and HS-2000 (FHK Co. Ltd., 

Japan) using a frequency of 2 MHz.  All linear and areal measurements were done by ImageJ 

version 1.46r, UBMS was  assessed subjectively through visual appraisal on a scale ranging 

from 0.0 (lowest) to 3.0 with intervals of 0.33, and 4.0, 5.0 (Nishimura et al. 1995).  

Ultrasonic estimates for RT were measured at 3.45 cm from the musculus iliocostalis (the 

point for measuring IMFT, SFT, and LMT). The UTMT was measured at the midpoint of the 

trapezius muscle. 

 

2.2.3 Statistical methods 

Analysis of variance (ANOVA) was done using JMP
®
 5.0.1 (SAS) program. Furthermore, 

single trait analysis was done to estimate variance components and heritability. The mixed 

model fitted included fixed effects of testing year, starting season, as well as the covariate age 

at the start of the test and the additive random genetic effect of the sire. The mixed model 

equation was as follows: 

Yijklm = µ + Yi + Sj + ak(Aijkl-  ) + sl +  eijklm 

Where: Yijklm = observation, µ = overall mean, Yi = fixed effect of the i
th

 year, Sj = fixed effect 

of the j
th

 season,    ak = coefficient of linear regression of age at the start of the test, sl = 

random effect of the l
th

 sire, eijklm = random residual effect of each observation.     
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Standard errors (SE) of estimates of heritability were calculated by formulas of Falconer 

(1981) as implemented by Carnier et al. (2000). The formula was as follows: 

     =  
                   

           

 
 

Where: t = heritability divided by four, k = number of offspring per sire, and s = number of 

sires.  

 

2.3 Results and Discussion  

2.3.1 Summary of phenotypes 

 

Table 2.1 Data summary including description of ultrasonic traits, units of measurements, number of 

records, means, standard deviations (SD), minimum (Min) and maximum values (Max) 

Trait Description Units Records Mean SD Min Max 

 

ULMA7 

 

Longissimus muscle area at 

the 6
th
-7

th
 rib cross section 

 

 

cm
2 

 

525 

 

31.90 

 

2.10 

 

22.30 

 

37.9 

ULMA13 Longissimus muscle area at 

the 12
th
-13

th
 rib cross section 

 

cm
2
 525 53.60 4.30 37.70 73.00 

UTMT Trapezius muscle thickness mm 525 12.90 1.10 10.20 15.30 

ULMT Latissimus muscle thickness mm 525 12.90 1.20 10.10 19.30 

URT Rib thickness mm 525 40.20 3.40 25.40 64.90 

USFT Subcutaneous fat thickness mm 525 6.10 1.70 1.90 15.30 

UIMFT Intermuscular fat thickness mm 525 14.40 3.60 4.80 28.10 

UBMS Beef marbling score - 525 0.74 0.24 0.33 1.67 
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Mean, standard deviation (SD), minimum and maximum values for each variable are 

presented in Table 2.1. The mean for ULMA at the 12
th

 rib position in the current study was 

smaller than one reported by Reverter et al. (2000); they reported values of 72.0 cm
2
 and 68.7 

cm
2
 in Australian Angus and Hereford yearling bulls, respectively. A study involving 

multiple breeds by Perking et al. (1992) showed mean values of 76.3 cm
2
, 67.1 cm

2
, and 64.0 

cm
2
 in Brown Swiss steers, Zebu-cross Mexican steers, and Corriente Mexican steers, 

respectively. However, Sri Rachma et al. (1999b) reported similar results; 32.6 cm
2
 for 

LMA7 and 55.9 cm
2
 for LMA13 in Japanese Black bulls in Kagoshima prefecture. Their 

study also reported a slightly lower UBMS of 0.69 than the one reported in this study. The 

USFT reported in this study was similar to reports on most foreign breeds (De Rose et al. 

1988; Lamb et al. 1990; Shepard et al. 1996). 

 

2.3.2 Analysis of variance 

The least squares means and standard errors of ultrasonic estimates of carcass traits are 

presented in Table 2.2. Starting season did not significantly affect ULMA, UTMT, ULMT, 

URT, and UBMS; however, it significantly (p < 0.05) affected both USFT and UIMFT. The 

cattle that were performance tested beginning spring season exhibited significantly lower 

levels of subcutaneous and intermuscular fat thickness; this could be attributed to the hot 

season during which they were tested. Cattle that start the test in spring are performance 

tested through most of the hot summer season hence; animals have reduced feed intake and 

fat deposition consequently. Except fat thickness seasonal effects did not affect other traits, 

this is in agreement with reports by Chistison et al. (1990) and Bergen et al. (1997).The 

testing year had a highly significant effect (p < 0.001) on all ultrasonic carcass traits. Age of 

cattle at the start of the test did not significantly affect ULMA, URT, and UIMFT, however, it 

significantly (p < 0.05) affected UTMT, ULMT, USFT and UBMS. 
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Table 2.2 Analysis of variance (ANOVA) for ultrasonic traits 

 Effect 

Trait Season Year Age 

 Spring Summer Autumn Winter   

 

ULMA7 (cm
2
)

  
  

  ns    31.62 ± 0.25 

 

31.63 ± 0.21 

 

32.17 ± 0.25 

 

32.04 ± 0.19 

 

** 

 

ns 

ULMA13(cm
2
)   ns    53.16 ± 0.52 53.27 ± 0.44 53.71 ± 0.53 53.25 ± 0.39 ** ns 

UTMT  (mm)   ns    12.70 ± 0.13 12.94 ± 011 12.92 ± 0.13 12.88 ± 0.09 ** * 

ULMT (mm)   ns    12.62 ± 0.14 12.91 ± 0.11 12.99 ± 0.14 12.85 ± 0.10 ** * 

URT (mm)   ns    39.09 ± 0.47 39.76 ± 0.39 39.60 ± 0.50 40.35 ± 0.32 ** ns 

USFT (mm)    *       5.30 ± 0.21
a 

6.03 ± 0.18
b 

6.21 ± 0.21
b 

6.05 ± 0.16
b 

** * 

UIMFT (mm)    *     13.60 ± 0.43
a 

14.88 ± 0.35
b 

14.11± 0.41
b 

14.82 ± 0.31
b 

** ns 

UBMS   ns      0.70 ± 0.30 0.75 ± 0.02 0.78 ± 0.03 0.73 ± 0.02 ** * 

ULMA7: longissimus muscle area at the 6th-7th rib cross section, ULMA13: longissimus muscle area at the 12th-13th rib cross section, 

UTMT: trapezius muscle thickness, ULMT: latissimus muscle thickness, URT: rib thickness, USFT: subcutaneous fat thickness, UIMFT: 

intermuscular fat thickness, UBMS: beef marbling score. 

* Significant (p < 0.05), ** highly significant (p < 0.001), ns: not significant.  abMeans bearing the same superscript don’t differ significantly. 

 

2.3.3 Heritability of ultrasonic traits 

Heritability informs the breeder how much confidence to place in the phenotypic 

performance of an animal when selecting parent stock. For highly heritable traits where 

heritability (h
2
) exceeds 0.40, the animal’s phenotype is a good indicator of genetic merit of 

breeding value. For lowly heritable traits, where heritability is below 0.15, an animal’s 

performance is much less useful in identifying the individuals with the best genes for the trait 

Cassell (2009). Variance components and heritability estimates for ultrasonic traits are 

presented in Table 2.3. 

Heritability for ULMA (0.39) was within the range of estimates by Fukuhara et al. (1989; 

0.32) in Japanese Black steers, Hirooka et al. (1996) in Japanese Brown steers.  A 

comprehensive review by Oyama (2011) indicated a heritability range of 0.28-0.61 in 

Japanese Black cattle. The study also reported a heritability range of 0.29-0.44 in Japanese 
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Brown cattle.  In a study by Kim et al. (2006) four different models were employed to 

estimate genetic parameters for carcass traits, the study reported estimates ranging from 0.19 

to 0.31 for carcass LMA. On the contrary, Kuchida et al. (1990), Arnold et al. (1991), Mukai 

et al. (1993), Mukai (1994) obtained higher estimates of heritability values than the present 

study, (0.65, 0.46,  0.54 and 45) for carcass traits of Japanese Black steers and from field 

carcass traits of Japanese Black cattle, respectively. These differences could be attributed to 

differences in breed, age, analysis model, management and gene frequencies in the 

populations reported on by these authors. 

 

Table 2.3 Estimates of variance components and heritability for ultrasonic traits 

Trait  Parameter  

 σ
2

a σ
2

p h
2
a 

 

ULMA7 

 

1.833 

 

4.745 

 

0.39 ± 0.19 

ULMA13 8.001 20.526 0.39 ± 0.19 

UTMT 0.211 1.345 0.16 ± 0.17 

ULMT 0.184 1.548 0.15 ± 0.17 

URT 1.858 11.720 0.16 ± 0.17 

USFT 1.277 3.219 0.40 ± 0.19 

UIMFT 3.259 13.812 0.24 ± 0.18 

UBMS 0.006 0.058 0.10 ± 0.16 

ULMA7: longissimus muscle area at the 6th-7th rib cross section, ULMA13: longissimus muscle area at the 12th-13th rib cross section, 

UTMT: trapezius muscle thickness, ULMT: latissimus muscle thickness, URT: rib thickness, USFT: subcutaneous fat thickness, UIMFT: 

intermuscular fat thickness, UBMS: beef marbling score. 

σ2
a: additive genetic variance, σ

2
p: phenotypic variance, h2

a: direct heritability ± standard error. 

 

The heritability estimate of ULMA13 (0.39) obtained in this study was higher than some 

previous estimates. Turner et al. (1990) estimated the heritability values of LMA13 to be 0.21 
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while Arnold et al. (1991) reported an estimate 0.28. Robinson et al. (1993) and Shepard et al. 

(1996) estimated heritability of LMA13 to be 0.24 and 0.11 in Angus cattle, respectively. In 

yearling Brangus cattle, Moser et al. (1998) reported an estimate of 0.29. Estimates similar to 

this study were reported by Wilson et al. (1993) in Angus cattle (0.40). Furthermore, an 

estimate of 0.40 was reported by Johnson et al. (1993). 

Heritabilities estimates of UTMT and ULMT in this study are in the lower limit of the 

intermediate heritability range. To our knowledge they are no reports on the heritability of 

ultrasonic TMT and LMT; however image analysis estimates of trapezius and latissimus 

muscle area heritability are considerably higher than the current study.  Osawa et al. (2004) 

found heritability values of 0.55 and 0.67 for trapezius and latissimus muscle area in 

Japanese Black cattle. In a similar study involving Japanese Black steers Osawa et al. (2007) 

reported a heritability of 0.47 for trapezius muscle area. There is need to research on the 

phenotypic and genetic relationship between ultrasonic measures of TMT, LMT and their 

corresponding areal measurements in carcasses.  

The heritability estimate for URT (0.16) was slightly lower than most estimates in 

literature. Fukuhara et al. (1989) reported an estimated of 0.23 while Mukai et al. (1993) and 

Hirooka et al. (1996) had estimates of 0.29 and 0.26, respectively. The ultrasonic rib 

thickness considered in this study is measured on a different position from that in slaughter 

houses; this might therefore, lead to different estimates. 

The estimated heritability for USFT (0.40) was in the same range with estimates by Koch 

et al. (1982). Their heritability estimate was from data pooled across 16 different sire breeds. 

DeRose et al. (1988) reported a heritability estimate of 0.49 in Angus cattle. On the contrary, 

lower estimates were reported by a number of authors, Lamb et al. (1990) reported an 

estimate of 0.24 while Arnold et al. (1991) reported a similar estimate of 0.26. Some 



42 

 

estimates are higher than the one estimated in this study. Kuchida et al. (1990) and Shepard et 

al. (1996) reported estimates of 0.62 and 0.56, respectively.  

In the current study a considerably low heritability, 0.1 was obtained for UBMS. The 

current estimate falls out of range of values stated in a review by Oyama (2011). He indicated 

a range of 0.32-0.63 and unweighted and weighted heritability means of 0.49 and 0.61, 

respectively in Japanese Black cattle. In the current study UBMS exhibited very little 

variation; consequently genetic variation and heritability. It has been long thought that 

marbling is a late developing tissue. This philosophy is based on the body’s prioritization of 

fuel use. Calories are first used to meet bone growth, then muscle growth followed by 

development of fat. The results of this study are in agreement with this theory; considering 

the tender age (11 mo) of cattle sampled in this study. Furthermore, the cattle sampled in this 

study were also been reared as breeding stock on restricted concentrate feed intake.   

 

2.4 Conclusion 

Heritability estimates for rib eye area, muscle and fat thickness, and rib thickness ranged 

from 0.15-0.40. For highly heritable traits where heritability exceeds 0.40, the animal’s 

phenotype is a good indicator of genetic merit or breeding value. Traits that are moderately 

heritable where heritability ranges from 0.15 to 0.40, the animals phenotypic value is a 

moderate indicator of genetic merit or breeding value. For lowly heritable traits, where 

heritability is below 0.15, an animal’s performance is much less useful in identifying the 

individuals with best genes for the traits. This implies that most ultrasonic traits can be 

improved genetically through selection. However, the heritability for marbling score was low 

indicating low genetic variation at this stage nevertheless; taking ultrasonic measurements at 

an older age might reveal more genetic variation. It would therefore be possible to select the 
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bulls with the higher values despite the low heritability at this stage if their marbling score 

becomes considerably higher than their counterparts with age. 
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CHAPTER 3 

 

Prospects of early slaughter based on serially measured ultrasonic 

traits in Japanese Black steers 

 

3.1 Introduction 

The first two chapters of this study focused on the feasibility of early selection of breeding 

stock in Japanese Black cattle. This chapter however, focuses on improvements that can be 

done to the current fattening program with emphasis on the prospect of reducing the slaughter 

age. Among the factors that necessitate the shortening of the fattening period are, changing 

consumer demands and globalization including the recent Trans-Pacific Partnership (TPP) 

trade pact.  According to data from the Ministry of Agriculture, Forestry and Fisheries 

(MAFF 2014), the price gap between carcasses of different quality scores is shrinking. This 

decline in price differences can be attributed to changing consumer demands as they are 

increasingly favoring carcasses with lower marbling among other factors. Given that one of 

the reasons for prolonged fattening periods is to develop marbling, the growing demand for 

less marbled beef warrant for a reduced fattening period.  To add to that, the increased 

competition from foreign meat and meat products which are slaughtered earlier in most cases 

or fattened for shorter periods calls for the revision of the current fattening regime to increase 

competitiveness.  

Serial measurements of carcass related traits were taken to determine the impact of 

shortened fattening period on carcass yield estimate percentage (YE) which is one of the 

factors that determine carcass price together with marbling which is one of the traits used to 
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determine carcass quality score. Serial measurements are also referred to as repeated or 

longitudinal measures. In this chapter, the term serial measures is  mostly used and refers to 

multiple measures of the same traits taken on the same animal over time. Detailed statistical 

approaches of analyzing serial measures were reported in previous studies (Meyer and Hill 

1997; Littell et al. 1998). Serial measures facilitate the analysis of growth curves and 

regression analysis of traits at different stages. In this chapter, the growth curves of various 

traits associated with carcass YE and partly with quality score were analyzed. The impact of 

reduced slaughter age on YE was estimated through linear regression.   

 

3.2 Materials and Methods 

3.2.1 Experimental animals 

Data were collected from 300 Japanese Black steers that were under progeny testing at the 

Livestock Improvement Association of Miyazaki from June 2005 to July 2013. The steers 

were progeny of 35 sires from 4 lines of descent. The steers were given ad libitum access to 

roughage, concentrate and water. Feed was formulated to meet the recommended diet nutrient 

content for growing and finishing beef steers by the Japan Livestock Industry Association 

(JLIA 2000). The nutrient content of the initial diet was 13.3% crude protein, 69% total 

digestible nutrients, 3.04 Mcal/kg digestible energy and 2.49 Mcal/kg metabolizable energy; 

the nutrient content was adjusted with age. Steer calves were housed in groups of 8 animals at 

9 mo of age and group fed. The cattle pens had a feeding area of 50 m
2 

with an adjacent 

exercise paddock of 40 m
2
. 

 

3.2.2 Scanning procedures and traits 

Ultrasonic scanning was done at 14, 16, 20, and 26 mo of age at the left side, between the 

6
th

 and 7
th

 rib cross section area: the same position at which carcasses are graded by the Japan 
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Meat Grading Association (JMGA 1988). The traits measured were ultrasonic longissimus 

muscle area (ULMA), ultrasonic subcutaneous fat thickness (USFT), ultrasonic intermuscular 

fat thickness (UIMFT), ultrasonic rib thickness (URT) and ultrasonic beef marbling score 

(UBMS); positions of measurements are shown in Figure 1 (Chapter 2). The URT was 

defined as the distance between the latissimus muscle and pleural membrane measured 3.4 

cm (laterally) from the edge of the iliocostalis muscle (Sri Rachma et al. 1999a). The 

ultrasonic beef marbling score was assessed subjectively through visual appraisal on a 12 

category scale ranging from 0.0 (lowest) to 3.0 with intervals of 0.33, and 4.0, 5.0 (Nishimura 

et al. 1995). The URT was measured at a different position from carcass RT measurement to 

facilitate its evaluation together with USFT and UIMFT from the same ultrasound image 

reducing the number of images needed for evaluation. Carcass RT is measured further below 

at the mid-point of the 6
th

 and 7
th

 rib, nevertheless URT and carcass RT are highly correlated 

(Tokunaga et al. 2013). The scanning equipment utilized was the HS-2000 (FHK Co. Ltd. 

Japan) using a frequency of 2 MHz. All linear and areal measurements were conducted using 

image analysis software (ImageJ version 1.46r). Body measurements were taken at 9, 14, 20 

and 28 mo of age. The serial measurements were: body weight (BW), withers height (WH), 

chest girth (CG) and abdominal girth (AG). 

After slaughter (at 28 mo of age), each carcass was graded between the 6
th

 and 7
th

 rib cross 

section area by official graders in accordance with the Japanese grading standards (JMGA 

1988). The carcass traits evaluated were: carcass weight (CW), longissimus muscle area 

(LMA), subcutaneous fat thickness (SFT), rib thickness (RT), carcass yield estimate (YE), 

quality score (QS), beef marbling score (BMS), beef color standard (BCS, ranging from 1 

(inferior) to 5 (very good)), firmness and texture (FNT, ranging from 1 (inferior) to 5 (very 

good)), and fat luster and color standard (FCS, 1 (inferior) to 5 (excellent)). YE is calculated 

using the following equation:  
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YE percentage = 67.37 + (0.130 × LMA, cm
2
) + (0.667 × RT, cm) – (0.025 × Cold left side 

weight, kg) – (0.896 × SFT, cm) + 2.049. QS is the overall meat quality computed using 

BMS, BCS, FNT and FCS.  

 

3.2.3 Statistical methods   

Analysis of sequentially measured traits was done through multivariate analysis (MANOVA) 

of repeated measures using JMP
®
 10 (SAS Institute Cary, NC, USA). The statistical model 

included fixed starting test year, starting test season; a linear covariate of the age of the 

animal at the beginning of the test and a random effect of sire line. Carcass measures of 

IMFT and RT were excluded from MANOVA because IMFT is not measured in carcasses 

and RT is measured on a different position to URT. Subsequently, growth curves were 

estimated using an application for statistical analysis (Stat Proc Version 2). The growth 

curves were estimated using four equations but ultimately one was chosen based on goodness 

of fit. The equations used were:  

Logistic:  y = A/(1+ exp(  ));  

Brody: y = A/(1- exp(  ));  

Bertalanffy: y = A/(1- exp(  ))
3
 and  

Gompertz: y = Aexp(- exp(  )).  

Ultrasound and body measurements were used to estimate carcass YE percentage through 

stepwise multiple regression using the Application for Statistical Analysis (Stat Proc  Version 

2.0, Kyoto, Japan).  
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3.3 Results and Discussion  

3.3.1 Summary of phenotypes 

Table 3.1 shows the data summary of serially measured traits. All traits included ultrasonic 

measurements from 14 mo to 26 mo of age; to add to that, carcass measurements for LMA, 

SFT and BMS at 28 mo of age were also included in the multivariate analysis. Some stages 

have fewer records because measurements could not be taken due to bio security concerns.  

 

Table 3.1 Data summary including description of traits, units of measurements, number of records, 

means, standard deviations (SD), minimum (Min) and maximum values (Max) (part 1) 

Age Trait Description Units Records Mean SD Min Max 

 

14 mo 

 

ULMA 

 

Ultrasonic longissimus 

muscle area 

 

 

cm
2
 

 

282 

 

33.83 

 

3.75 

 

25.90 

 

44.60 

 USFT Ultrasonic subcutaneous 

fat thickness 

 

mm 282 8.13 2.32 2.90 16.70 

 UIMFT Ultrasonic intermuscular 

fat thickness 

 

mm 282 16.46 5.08 2.90 34.90 

 URT Ultrasonic rib thickness  

 

mm 282 40.16 5.98 24.10 62.90 

 UBMS Ultrasonic beef marbling 

score 

 

 282 0.26 0.14 0.00 0.67 

 

16 mo 

 

ULMA 

 

Ultrasonic longissimus 

muscle area 

 

 

cm
2
 

 

282 

 

41.36 

 

4.46 

 

30.00 

 

55.30 

 USFT Ultrasonic subcutaneous 

fat thickness 

 

mm 282 10.32 2.97 4.40 23.80 

 UIMFT Ultrasonic intermuscular 

fat thickness 

 

mm 282 23.79 7.37 9.70 48.80 

 URT Ultrasonic rib thickness  

 

mm 282 50.97 9.14 30.30 82.70 

 UBMS Ultrasonic beef marbling 

score 

 

 282 0.47 0.20 0.00 1.33 
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Table 3.1 Data summary including description of traits, units of measurements, number of records, 

means, standard deviations (SD), minimum (Min) and maximum values (Max) (part 2) 

Age Trait Description Units Records Mean SD Min Max 

 

20 mo 

 

ULMA 

 

Ultrasonic longissimus 

muscle area 

 

 

cm
2
 

 

283 

 

51.34 

 

5.67 

 

39.7 

 

69.20 

 USFT Ultrasonic subcutaneous 

fat thickness 

 

mm 283 13.34 3.43 5.90 27.20 

 UIMFT Ultrasonic intermuscular 

fat thickness 

 

mm 283 38.41 10.81 13.70 76.00 

 URT Ultrasonic rib thickness  

 

mm 283 69.55 12.03 41.80 100.90 

 UBMS Ultrasonic beef marbling 

score 

 

 283 0.91 0.28 0.33 2.00 

 

26 mo 

 

ULMA 

 

Ultrasonic longissimus 

muscle area 

 

 

cm
2
 

 

294 

 

61.43 

 

7.78 

 

42.00 

 

84.80 

 USFT Ultrasonic subcutaneous 

fat thickness 

 

mm 294 17.34 4.70 8.30 43.80 

 UIMFT Ultrasonic intermuscular 

fat thickness 

 

mm 294 59.79 13.66 30.20 91.40 

 URT Ultrasonic rib thickness  

 

mm 294 89.57 11.50 55.10 125.40 

 UBMS Ultrasonic beef marbling 

score 

 

cm 294 1.57 0.57 0.67 4.00 

 

28 mo 

 

LMA 

 

Longissimus muscle area 

 

 

cm
2
 

 

300 

 

64.91 

 

9.87 

 

43.00 

 

90.00 

 SFT Subcutaneous fat 

thickness 

 

mm 300 26.03 6.47 13.00 5.00 

 BMS Beef marbling score 

 

 300 1.77 0.77 0.67 5.00 

 

The LMA showed highest growth rate (about 3.8 cm
2
/mo) from 14 mo to 16 mo of age but 

it declined to about 1.7 cm
2
/mo from 26 to 28 mo of age. Subcutaneous fat thickness 

increased dramatically (about 4mm/mo) from 26 to 28 mo compared to about 1 mm/mo in 

previous periods. Intermuscular fat thickness had a steady rate of increase, about 3.7 mm/mo 
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at all stages measured. Similarly, BMS showed a steady rate of increase during the entire 

period.    

3.3.2 Correlation of serially measured traits  

Table 3.2 Phenotypic correlations of serially measured longissimus muscle area  

Trait
†
 ULMA 

(14 mo) 

 

ULMA 

(16 mo) 

 

ULMA 

(20 mo) 

 

ULMA 

(26 mo) 

 

LMA 

(28 mo) 

 

ULMA  

(14 mo) 

 

1.00     

ULMA  

(16 mo) 

 

0.72 1.00    

ULMA  

(20 mo) 

 

0.47 0.71 1.00   

ULMA  

(26 mo) 

 

0.41 0.57 0.84 1.00  

LMA  

(28 mo) 

 

0.39 0.51 0.78 0.93 1.00 

ULMA, ultrasonic longissimus muscle area; LMA, carcass longissimus muscle area. 

†The age in months is indicated in parenthesis. 

 

Table 3.3 Results of multivariate analysis of serially measures longissimus muscle area  

Trait
†
 Mean

‡
 
 
(cm

2
) P Values 

ULMA (14 mo) 33.87
c
 

    

 

p < 0.001 
 

ULMA (16 mo) 41.42
b
 

 

p < 0.001 

 

 
p = 0.439 

ULMA (20 mo) 51.77
b
 

 

 
 

p < 0.001 
 

ULMA (26 mo) 61.85
a
 

 

 
 

p = 0.946 
 

LMA    (28 mo) 64.81
a
 

  

  

  

ULMA: ultrasonic longissimus muscle area, LMA: carcass longissimus muscle area. 

‡Least squares means, ab Values bearing the same superscripts don’t differ significantly.  †The age in months is indicated in parenthesis. 
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Table 3.2 shows phenotypic correlations of serially measured longissimus muscle area. A 

high correlation coefficient was observed between ultrasonic measures of LMA at 20 mo of 

age and carcass LMA. An even higher correlation coefficient was obtained between 

ultrasonic LMA measured at 26 mo of age and carcass LMA. As highlighted in the summary 

of phenotypes, there is reduced growth rate of LMA from 20 mo of age resulting in high 

correlations being observed in latter stages of growth.   

The results of multivariate analysis of serially measured LMA are shown in Table 3.3. 

Overall, there was a significant difference in serial measurements (p < 0.001); however, no 

differences were observed between ULMA at 16 mo and the same at 20 mo. Furthermore, 

there was no significant difference between ULMA at 26 mo and carcass LMA.    

Figure 3.1 shows the growth curve of LMA estimated by the Gompertz  equation. The 

curve indicates that LMA has high growth rate from 5 mo to about 20 mo; thereafter, the 

decreased slope of the curve indicates slower growth rate of LMA. The reduced growth rate 

beyond 25 mo of age can result in diminishing returns from an economic point of view.  

 

 
Figure 3.1 Longissimus muscle area (LMA) growth curve estimated by the Gompertz equation 
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Phenotypic correlations of serially measured SFT are shown in Table 3.4. A moderate 

correlation was observed between USFT measured at 20 mo and carcass SFT. On the other 

hand, a correlation of 0.75 was observed between USFT at 26 mo and carcass SFT.This was 

lower than the 0.93 observed in LMA during the same period. The possible explanation is 

that carcass SFT may be affected more by processes such as skinning and chilling resulting 

relatively lower correlations being observed.    

 

Table 3.4 Phenotypic correlations of serially measured subcutaneous fat thickness 

Trait
†
 USFT 

(14 mo) 

USFT 

(16 mo) 

USFT 

(20 mo) 

USFT 

(26 mo) 

SFT 

(28 mo) 

USFT  

(14 mo) 

 

1.00     

USFT  

(16 mo) 

 

0.78 1.00    

USFT  

(20 mo) 

 

0.57 0.71 1.00   

USFT  

(26 mo) 

 

0.47 0.57 0.77 1.00  

SFT  

(28 mo) 

 

0.48 0.53 0.67 0.75 1.00 

USFT: ultrasonic subcutaneous fat thickness, SFT: carcass subcutaneous fat thickness. 

†The age in months is indicated in parenthesis. 

 

Table 3.5 shows the results of multivariate analysis of serial measured SFT. There was no 

significant difference among serial measures of SFT. Though the least squares means at 26 

and 28 mo differ by almost 9 mm the difference was statistically insignificant.     
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Table 3.5 Results of multivariate analysis of serially measures subcutaneous fat thickness 

 

Trait
†
 

 

Mean
‡
 (mm) P Values 

USFT (14 mo) 8.04 

    

  

 

p = 0.391 

USFT (16 mo) 10.23 

 

p = 0.659 

 

 
p = 0.246 

USFT (20 mo) 13.31 

 

 
 

p = 0.534 
 

USFT (26 mo) 17.20 

 

 
 

p = 0.349 
 

SFT    (28 mo) 26.19 

  

  

  

USFT: ultrasonic subcutaneous fat thickness, SFT: carcass subcutaneous fat thickness. 

‡Least squares mean.  †The age in months is indicated in parenthesis. 

 

 
Figure 3.2 Subcutaneous fat thickness (SFT) growth curve estimated using the Bertalanffy equation 

 

The SFT growth curve shown in Fig 3.2 was estimated using the Bertalanffy equation. 

Subcutaneous fat thickness still showed high growth rate even after 20 mo of age. Keeping 

livestock for long will increase their SFT which may adversely affect yield estimate since it is 

negatively related with carcass yield.  
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Table 3.6 Phenotypic correlations of serially measured intermuscular fat thickness 

Trait
†
 UIMFT 

(14 mo) 

 

UIMFT 

(16 mo) 

 

UIMFT 

(20 mo) 

 

UIMFT 

(26 mo) 

 

UIMFT 

(14 mo) 

 

1.00    

UIMFT  

(16 mo) 

 

0.60 1.00   

UIMFT  

(20 mo) 

 

0.45 0.61 1.00  

UIMFT  

(26 mo) 

 

0.21 0.34 0.56 1.00 

UIMFT: ultrasonic intermuscular fat thickness. †The age in months is indicated in parenthesis.  

 

Phenotypic correlations of serially measured IMFT are indicated in Table 3.6. The 

correlation coefficient at 20 mo and 26 mo of age was moderate (0.56). The moderate 

correlation could be attributed to increased growth rate at stages beyond 20 mo. This can be 

confirmed by results of multivariate analysis in Table 3.7 where significant differences were 

observed between measurements at 20 and 26 mo of age. Furthermore, the growth curve in  

 

Table 3.7 Results of multivariate analysis of serially measures intermuscular fat thickness 

Trait
†
 Mean

‡
 (mm) P Values 

UIMFT (14 mo) 15.93
b
 

  

   

 
p = 0.121 

UIMFT (16 mo) 23.38
b
 

  

 

p = 0.292 p = 0.009  

UIMFT (20 mo) 38.02
b
 

 

 
 

p = 0.009 

 

 

UIMFT (26 mo) 57.40
a
 

  

  

  

UIMFT: ultrasonic intermuscular fat thickness. 

†The age in months is indicated in parenthesis. ‡Least squares mean.   
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Figure 3.3 Shows continued growth in IMFT well beyond 20 mo. Though IMFT is not used 

in calculating carcass YE percentage, consumers may dislike carcasses with thick IMFT. 

 

 
Figure 3.3 Intermuscular fat thickness (IMFT) growth curve using the Gompertz equation 

 

Table 3.8 Phenotypic correlations of serially measured rib thickness  

Trait
†
 URT 

(14 mo) 

URT 

 (16 mo) 

URT 

 (20 mo) 

URT 

 (26 mo) 

URT 

(14 mo) 

1.00    

URT 

(16 mo) 

0.65 1.00   

URT 

(20 mo) 

0.41 0.47 1.00  

URT 

(26 mo) 

0.28 0.31 0.60 1.00 

URT: ultrasonic rib thickness.  

†The age in months is indicated in parenthesis. 

 

Table 3.8 shows the phenotypic correlations of serially measured RT. The ultrasonic RT 

showed a medium correlation between 20 and 26 mo of age. Results of multivariate analysis 

of serially measured RT are shown in Table 3.9. The overall measurements were significantly 

different (p < 0.001). Among the significantly different measurements were those at 16 and 
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26 mo of age; however, measurements at 20 and 26 mo of age were not significant. The 

growth curve (Figure 3.4) of RT also shows a gradually decreasing growth rate after 20 mo of 

age.  

 

Table 3.9 Results of multivariate analysis of serially measured rib thickness 

Trait
†
 Mean

‡
 (mm) P Values 

URT (14 mo) 39.87
c
 

  

   

 
p = 0.099 

URT (16 mo) 50.66
bc

 

  

 

p = 0.218 p < 0.001  

URT (20 mo) 70.29
ab

 

 

 
 

p = 0.103 

 

 

URT (26 mo) 89.27
a
 

  

  

  

URT, ultrasonic rib thickness. †The age in months is indicated in parenthesis.  

‡Least squares mean,   abc Values bearing same superscripts don’t differ significantly. 

 

 
Figure 3.4 Intermuscular rib thickness (RT) growth curve estimated using the Gompertz equation 
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Table 3.10 Phenotypic correlations of serially measured beef marbling score  

Trait
†
 UBMS 

(14 mo) 

UBMS 

 (16 mo) 

UBMS 

 (20 mo) 

UBMS 

 (26 mo) 

BMS 

 (28 mo) 

UBMS 

(14 mo) 

 

1.00     

UBMS 

(16 mo) 

 

0.48 1.00    

UBMS 

(20 mo) 

 

0.36 0.48 1.00   

UBMS 

(26 mo) 

 

0.23 0.37 0.70 1.00  

BMS 

(28 mo) 

 

0.17 0.32 0.54 0.85 1.00 

UBMS: ultrasonic beef marbling score; BMS, carcass beef marbling score. 

 †The age in months is indicated in parenthesis.  

 

Table 3.11 Results of multivariate analysis of serially measured marbling score 

 

Trait
†
 

 

Mean
‡
 P Values 

UBMS (14 mo) 0.25
b
 

    

  

 
p < 0.009 

UBMS (16 mo) 0.45
a
 

 

p < 0.001 

 
 

p = 0.401 
 

UBMS (20 mo) 0.90
a
 

 

 
 

p = 0.502 
 

UBMS (26 mo) 1.57
a
 

 

 
 

p = 0.363 
 

BMS    (28 mo) 1.77
a
 

  

  

  

UBMS: ultrasonic beef marbling score; SFT: carcass beef marbling score. †The age in months is indicated in parenthesis. ‡Least squares 

means, ab Values bearing same superscripts don’t differ significantly. 

 

correlation was obtained for BMS between 20 and 26 mo of age. Table 3.11 shows results of 

multivariate analysis of serially measured BMS. Though the overall measurements were 

significantly different (p < 0.001); there was no significant difference among measurements 
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from 16 mo onwards. The marbling growth curve is shown in Figure 3.5. The curve indicates 

that marbling starts to increase from about 14 mo of age. 

 

 
Figure 3.5 Beef marbling score (BMS) growth curve of animals with high, low, and average initial 

marbling estimated using Bertalanffy equation  

 

Table 3.12 Estimated yield percentage (YE) and daily gain (DG) at different ages and corresponding 

values of traits used in multiple regression  

Age (mo) YE (%) DG (kg/day) LMA (cm
2
) SFT (mm) MS BW (kg) RT (mm) 

10 70.27 0.90 24.06 5.30 0.00 305.98 26.79 

15 71.43 0.95 37.33 8.90 0.27 450.94 44.95 

20 73.03 0.51 49.50 12.69 0.88 528.27 65.28 

22 73.14 1.64 53.75 14.18 1.12 628.18 73.46 

24 73.54 0.69 57.59 15.64 1.32 669.86 81.49 

26 73.91 0.62 61.02 17.06 1.50 707.29 89.24 

28 74.22 0.55 64.05 18.42 1.64 740.60 96.64 

30 74.49 0.49 66.71 19.72 1.74 770.01 103.64 

YE %: estimated carcass yield percentage, DG: daily gain, LMA: longissimus muscle area, SFT: subcutaneous fat thickness, MS: marbling 

score; BW: body weight; RT: rib thickness. 
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Table 3.12 shows the results of stepwise multiple linear regressions used to estimate YE 

percentage and the corresponding values of traits used. Though ultrasonic traits at different 

ages were used initially, the best estimates were obtained using measurements obtained at 26 

mo and BW at 20 mo. The regression equation used to estimate YE percentage is shown 

below: 

YE% = 68.66 + (0.145 × LMA, cm
2
) – (0.084 × SFT, mm) + (0.386 × BMS) – (0.006 × BW, 

kg) + (0.020 × RT, mm). The coefficient of determination (R-squared, R
2
) value was 0.79.  

The growth curves are in line with the theory of pattern of growth reported by Hammond 

et al. (1971). Hammond et al. (1971) reported that development of animals starts with the 

development of the skeleton, followed by muscle and finally fat. Similarly, the LMA curve in 

this chapter showed fast growth in the early stages and reduced growth after 20 mo. On the 

other hand, growth rate of fat related traits seems to increase well beyond 20 mo of age. 

Marbling development was delayed until 14 mo of age, confirming the theory that it’s a late 

developing tissue. In general, fat is the last developing tissue as it serves as an energy 

reserves and the increase in the proportion ultrasound predicted intramuscular fat was also 

observed in Angus cattle (Hassen et al. 2003). Early studies that employed dissection instead 

of ultrasound also showed that fat tissue development is delayed compared to muscle and 

bone in both cattle and pigs (Callow 1944; McMeekan 1940). As animals grow at high rates 

at young stages there is little residual energy however, due to reduced growth at older ages 

there is more residual energy that is stored as fat. Different fat tissues also develop at 

different rates; in this study, SFT seems to develop at faster rates than IMFT at early stages 

however, IMFT shows faster rates of development at latter stages of growth.  

The estimated yield percentage (YE) exhibited an increasing trend from 10 mo to 30 mo of 

age. The increase in the YE with age can be attributed to the increase in LMA, BMS and RT 

values. The corresponding increase in SFT and BW (both negatively related with YE) did not 
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offset the increase in values of traits that have a positive relationship with YE. The JMGA 

(1988) divides carcasses into three yield grades: A (over 72 % yield estimate), B (69 to 72%), 

and C (less than 69 %). The YE is one of the determinants of carcass price the other factor is 

the quality score. Results from this study suggest that yield grade A (over 72 %) is attained at 

about 18 mo of age. Considering that the highest DG is observed around 20 mo of age and 

starts diminishing from 24 mo of age it might be more economic to slaughter cattle at about 

24 mo. The DG observed after 24 mo might be attributed to more fat deposition than muscle. 

The advantage of keeping cattle longer is that they will develop more marbling however, they 

will be deposition of unwanted fat too (e.g. thick SFT and IMFT) and the cost of maintaining 

large animals in terms of feed is very high. Some of the reasons that warrant the reduction of 

slaughter age are increased globalization particularly the implementation of the Trans-Pacific 

Partnership (TPP), demands of foreign consumers and the changing demands of domestic 

markets. The TPP and globalization in general bring stiff competition to the local Japanese 

beef producers due to reduced import tariffs on meat; nevertheless, it also brings 

opportunities by making it easier to export. Considering the current Japanese national average 

slaughter age of 30 mo, cattle are raised for very long periods compared to the ones imported 

from U.S. which were slaughtered at less 21 mo during the 2005 to 2013 period according to 

the U.S. Department of Agriculture (USDA 2013). Beef coming from Australia is from cattle 

slaughtered at 21 or 26 mo of age on average after being fattened for 150 days (short fed) or 

up to 350 days (long fed), respectively according to the New South Wales Department of 

Primary Industries (NSW DPI 2007).  

The issue of changing consumer demands is also a factor necessitates early slaughter at 

early stages. According to official statistics from the Ministry of Agriculture, Forestry and 

Fisheries, Japan (MAFF 2014), the differences in carcass price per kg between carcass of 

different quality score (e.g. A5, A4, A3 and A2 ) has been shrinking gradually. For example: 



61 

 

the carcass prices for Wagyu steer carcasses ranked A5, A4, A3, and A2, in 1996 were 2,331

￥/kg, 1,796￥/kg, 1,591￥/kg, and 1,181￥/kg, respectively. In 2014 however, the carcass 

prices were 2,256￥/kg, 1,987￥/kg, 1,791￥/kg, and 1,627￥/kg for the respective carcass 

ranks. The change in price differences can be attributed to consumers demanding carcass with 

modest quality score which can be attributed in part to marbling score. Since one of the 

reasons cattle are slaughtered late in Japan is to attain high marbling, producers can shorten 

the fattening period given that the demand for carcass with modest quality score is increasing. 

Though the current study managed to estimate YE at different ages, the change in quality 

score which is determined by 1) beef marbling, 2) color and brightness, 3) firmness and 

texture, and 4) fat color, luster and quality is beyond the scope of this study.   

 

3.4 Conclusion 

Multivariate analysis of serially measured traits revealed that there are no significant 

changes between LMA measures at 26 and 28 mo of age. The LMA also exhibited reduced 

growth rate after 25 mo of age, so did overall marbling. On the other hand, IMFT and RT 

exhibited high growth rates after 20 mo. Steers could attain carcass YE of A grade as early as 

18 mo of age and DG started to diminish from 24 mo of age. Considering these results, 

changing consumer demands, and globalization, it may be prudent to reduce the slaughter age 

to about 25 mo.  
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CHAPTER 4 

 

Genetic polymorphisms and their association with growth and 

carcass traits in Japanese Black steers 

 

4.1 Introduction 

Economically important traits in cattle are determined by both genetic makeup and 

environmental factors. Animal breeders exploit the genetic influence to improve these traits. 

Currently, most beef cattle breeders use phenotypic and pedigree information to calculate 

estimated breeding values (EBV) and subsequently select breeding stock. However, advances 

in technology are making it much easier to identify the genetic basis of phenotypic variation. 

During the past few decades, advances in molecular genetics have led to the identification of 

multiple genes or genetic markers that affect traits of interest in livestock, including those for 

single gene traits and quantitative trait loci (QTL) or genomic regions that affect quantitative 

traits (Dekkers 2004). This has enabled opportunities to enhance genetic improvement 

programs in livestock by direct selection of genes or genomic regions that affect economic 

traits through marker assisted selection and gene introgression (Dekkers and Hospital 2002). 

Furthermore, the dramatic reduction in the cost of genetic sequencing has led to the discovery 

of numerous single nucleotide polymorphisms (SNP) markers throughout livestock genomes 

(Hayes et al. 2009).     

Though the effects of the growth hormone (GH) polymorphisms on calf, heifer and cow 

body weight have been reported in Japanese Black cattle (Ardiyanti et al. 2009; Ishida et al. 

2010); studies that have evaluated the association of the GH polymorphisms and 
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longitudinally measured growth traits are scant. To add to that, effects of genes on 

quantitative traits have been shown to vary with age (Meyer and Hill 1997; Hassen et al. 

2003). In this regard, the current chapter evaluated the association of SNP with longitudinally 

measured growth traits and subsequently analyzed their affiliation with carcass traits. 

Ardiyanti et al. (2012) showed that GH polymorphisms affect lipogenic gene expression 

levels hence; this chapter evaluated the association of growth related SNP with fat linked 

carcass traits as well.  

In this chapter, the association of SNP in growth related genes with growth and carcass 

traits in Japanese Black steers was appraised. A total of nine SNP in five genes were 

evaluated. To have a more holistic analysis, longitudinal measurements of growth traits were 

taken and their association with the genetic polymorphisms was analyzed. Furthermore, the 

affiliation of the polymorphisms with carcass traits was evaluated.   

  

4.2 Materials and Methods 

4.2.1 Experimental animals and traits 

The data were collected from 280 Japanese Black steers that were under progeny testing at 

the Livestock Improvement Association of Miyazaki from 2005 to 2013. Details on animal 

management are given in Chapter 3.  

Body measurements were taken at 9, 14, 20 and 28 mo of age. The serial measurements 

were: body weight (BW), withers height (WH), chest girth (CG) and abdominal girth (AG). 

The steers were slaughtered at the end of the test; each carcass was graded at the 6
th

 to 7
th

 rib 

cross-section area by official graders following Japanese Grading Standards (JMGA 1988). 

Carcass traits recorded were: carcass weight (CW), longissimus muscle area (LMA), rib 

thickness (RT), subcutaneous fat thickness (SFT), carcass yield estimate (YE), quality score 
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(QS), beef marbling score (BMS), beef color standard (BCS), fat color standard (FCS), 

firmness and texture (FNT). 

 

4.2.2 Genotyping  

All the SNPs evaluated in this chapter are registered in the Single Nucleotide 

Polymorphism Database (dbSNP) of the National Center of Biotechnology Information 

(NCBI 2010). The SNP (with their reference cluster ID numbers) were in the growth 

hormone (GH, rs41923484 and rs134687399), somatostatin (SST, rs17870997), growth 

hormone releasing hormone (GHRH, rs380969504), myostatin (GDF8, rs383271508 and 

rs137528458) and leptin (LEP, rs29004487, rs29004488 and rs29004508) genes. The 

mutations in the GH, SST and LEP genes result in amino acid changes. The locations of the 

genes are 19q22, 1q23-q25, 13q, 2q14-q15 and 4q32 for GH, SST, GHRH, GDF8 and LEP, 

respectively. For GH three haplotypes were present, A (nucleotide C at rs41923484 and 

rs134687399), B (G at rs41923484 and C at rs134687399) and C (G at rs41923484 and T at 

rs134687399). These GH variants were previously reported by Chikuni et al. (1994).  

Approximately 10 ml of whole blood was obtained from each steer and placed in 

heparinized vacuum tubes. Genomic DNA extraction was undertaken based on the phenol-

chloroform extraction technique. After extraction, the DNA was amplified using either 

TaKaRa Ex Taq HS polymerase or MightyAmp polymerase (Takara Bio, Shiga, Japan). The 

PCR reaction mixture was composed of either 20 ng genome DNA, 10 × TaqBuffer and 

dNTP mixture each 4 nmol, or 20 ng genome DNA , 2 × MightyAmp Buffer Ver. 2, sense 

and antisense primer (each 0.01 pmol), and TaKaRa Ex TaqHS 0.25 U or MightyAmp 0.25 U. 

Oligonucleotide primer base sequences, amplicon sizes and corresponding restriction 

enzymes are indicated in Table 4.1. The Applied Biosystems 2720 thermal cycler (Applied 

Biosytems, Foster City, CA, USA) was used under conditions suitable for each primer set. 
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The PCR conditions for GH (rs41923484), SST, GDF8 (rs137528458) and LEP were: 

denaturation at 94 °C for 2 min followed by 35 cycles of denaturation, annealing, and 

extension at 94 °C for 30 s, 65 °C for 30 s and 72 °C for 1 min, respectively. Finally, 

extension was done at 72 °C for 7 min. The same conditions were applied for GH 

(rs134687399) and GDF8 (rs383271508) except that the annealing temperature was 63 °C 

and 60°C, respectively.  For GHRH the initial denaturation and final extension conditions 

were the same with other primer sets. However, there were three 5 cycle phases and a single 

20 cycle phase. Except the annealing temperature, all conditions were the same as other 

primer sets. The annealing temperatures were: 60 °C, 58 °C, 56 °C and 54 °C for the 

respective four phases of cycles. Subsequently, PCR products were digested at 37 °C using 

restriction enzymes: Alu I, Msp I, Hif I, Apek I, Cla I, Aci I and Nru I (New England Biolabs, 

Ipswich, MA, USA). For the two GH, and the SST SNP, the reagents for DNA digestion 

were: 3.85µL super pure water (SPW), 1µL 10×NE buffer, 0.15 µL restriction enzyme and 5 

µL PCR products. Regarding the GHRH, GDF8 (rs383271508), LEP (rs29004488 and 

rs29004508) SNP, the reagents for DNA digestion were: 3.7 µL  SPW, 1 µL 10×NE buffer, 

0.3 µL restriction enzyme and 5 µL PCR products. For GDF8 (rs137528458) SNP, the 

reagents for DNA digestion were: 3.25 µL SPW, 1 µL 10×NE buffer, 0.75 µL restriction 

enzyme and 5 µL PCR products. As for the LEP (rs29004487) SNP, the reagents for DNA 

digestion were:  3.3 µL SPW, 0.1 µL BSA, 1 µL 10×NE buffer, 0.6 µL restriction enzyme 

and 5 µL PCR products. Genotypes were determined through electrophoresis using MultiNA 

(Shimadzu, Kyoto, Japan) as outlined in the MultiNA operation manual.  

 

4.2.3 Statistical methods 

Association between the SNP genotypes and traits was analyzed using analysis of variance 

(ANOVA) in JMP
®
 5.0.1 (SAS Institute Cary, NC, USA). The statistical model included 
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fixed effects of SNP genotype, starting test year, starting test season; a linear covariate of the 

age of the animal and a random effect of sire line. Subsequently, Tukey-Kramer’s honestly 

significant difference (HSD) test was conducted. Genotypes that constituted less than 1 % of 

the sample population were excluded from the analysis. 

 

Table 4.1 Oligonucleotide primer base sequences, amplicon sizes and corresponding restriction 

enzymes for PCR-RFLP in Japanese Black steers under progeny testing  

Primer set
†
 Base sequence

‡
 Size (bp) Enzyme 

A 
GH-F 5’-GCTGCTCCTGAGGGCCCTTC-3’ 

276 Alu I 
GH-R 5’-AGGGGCAAACAACAGATGGCT-3’ 

B 
GH-F 5’-TCCGGAAGGACCTGCATAAGc-3’ 

224 Msp I 
GH-R 5’-ACCCCACCCCCCAGAATAGA-3’ 

C 
SST-F 5’-CTTCCTTCCACCCCATGCcG-3’ 

135 Msp I 
SST-R 5’-CCAGCCTCATTTCATCCTGCTC-3’ 

D 
GHRH-F 5’-TCATAGCTCTCACGGACCAGGC-3’ 

243 Hif I 
GHRH-R 5’-CCTCAAAGGGCCTCTCTTGCTT-3’ 

E 
GDF8-F 5’-GCATGTTTGTGGAGGGAAAA-3’ 

296 Alu I 
GDF8-R 5’-GCAGTCAGCAGAGTCGTTGCTC-3’ 

F 
GDF8-F 5’-CAAGTGGAAGGAAAACCCAAATGcTG-3’ 

232    ApeK I 
GDF8-R 5’-CAATGCTCTGCCAAATACCAGTGCC-3’ 

G; H 
LEP-F 5’-CTGAAGACCTGGATGCGGGTGGTAACGGA-3’ 

281 Cla I; Aci I 
LEP-R 5’-TCGTCTCCCAGTCCCTCCCTACCGTGTGT-3’ 

I 

LEP-F 5’-TGAGTTTGTCCAAGATGGACCAGACATTcG-3’ 

191 Nru I 
LEP-R 5’-AACGCCCAAGCTCTCCAAGCTCTCC-3’ 

†A to I: primer sets for GH (rs41923484 and rs134687399), SST (rs17870997), GHRH (rs380969504), GDF8 (rs383271508 and 

rs137528458) and LEP (rs29004487, rs29004488 and rs29004508), respectively. ‡Lower case letters indicate mismatched bases to create 

restriction enzyme recognition sites. 

 

4.3 Results and Discussion 

The number of records and genotypic frequencies for each marker are indicated in Table 

4.2. The SST, GDF8 (rs383271508) and LEP (rs29004488) SNP were not associated with any 

growth or carcass traits hence their results are not discussed hereafter but are shown in the  
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Table 4.2 Genotypic frequencies and number of records for markers in the Japanese Black steer study 

population 

Marker  RS Number Records Genotypes Frequency 

GH
 

rs41923484, 

rs134687399 

279 AA 0.20 

  AB 0.38 

 
 

 AC 0.11 

 
 

 BB 0.18 

 
 

 BC 0.11 

 
 

 CC 0.01 

SST rs17870997 263 AA 0.08 

 
 

 AG 0.28 

 
 

 GG 0.64 

GHRH rs380969504 280 CC 0.95 

 
 

 CT 0.05 

GDF8 rs383271508 273 AA 0.30 

 
 

 AG 0.51 

 
 

 GG 0.19 

GDF8 rs137528458 262 TT 0.01 

 
 

 TC 0.17 

 
 

 CC 0.82 

LEP rs29004487 280 AA 0.83 

 
 

 AT 0.16 

 
 

 TT 0.01 

LEP rs29004488 279 CC 0.60 

 
 

 TC 0.35 

 
 

 TT 0.05 

LEP rs29004508  CC 0.85 

 
 

 CT 0.14 

 
 

 TT 0.01 

 

appendix, supplementary tables (TS1 to TS6). However, SST had two alleles, A and G with 

frequencies of 0.22 and 0.78, respectively. For GDF8, alleles A and G were present with 
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respective frequencies of 0.55 and 0.45. For LEP, alleles C and T were present with 

respective frequencies of 0.77 and 0.23. 

 

4.3.1 Association of GH SNP with growth and carcass traits 

Results of the association analysis for GH SNP with growth and carcass traits are shown in 

Table 4.3. The GH polymorphisms had a consistent association with WH at all stages 

evaluated. Furthermore, the SNP were associated with BW and AG at 28 mo of age. To add 

to that the GH polymorphisms were associated with CW and RT. The AA genotype steers 

had significantly higher values for WH than the BB type from 9 to 20 mo of age. On top of 

that, the AA type cattle had heavier carcasses than BB type. However, CC genotype steers 

had heavier weight and larger AG at 28 mo of age than the AA and BB groups. Moreover, the 

CC group had heavier carcasses than the AA and BB groups. On average, CC genotype steers 

had carcasses that weighed about 30 and 40 kg more than the AA and BB type, respectively. 

A study that examined GH polymorphisms and their association with calf weight in Japanese 

Black cattle revealed that AA genotype calves were heavier at birth and after 30 days than 

BB type calves (Ishida et al. 2010). These results are similar to trends observed in this 

chapter. To add to that, Oka et al. (2007) and Tatsuda et al. (2008) found out that the B 

haplotype negatively affected carcass weight in Japanese Black cattle. In dairy cattle, Dario et 

al. (2008) reported that cows having the A haplotype produced more milk than those with the 

B haplotype. This report highlights that apart from growth, the GH polymorphisms are also 

associated with milk production. In both growth and milk production traits animals with the 

AA genotype had higher values than their BB genotype counterparts. However, there is a 

paucity of reports on the C haplotype because this variation has only been identified in 

Japanese Black and Japanese Brown cattle to date (Bahrami et al. 2013). It is also noteworthy 

that the CC genotype steers were few in the sample population resulting in relatively large 
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standard errors for the group. Though, Ardiyanti et al. (2012) showed that GH 

polymorphisms affect lipogenic gene expression levels, this study did not reveal any 

association between GH SNP and fat related carcass traits such as SFT and BMS. 

 

4.3.2 Association of GHRH and GDF8 SNP with growth and carcass traits 

Table 4.4 shows the association of GHRH and GDF8 polymorphisms with growth and 

carcass traits. The GHRH SNP was associated with WH at 9 and 28 mo of age. The CT type 

steers had higher values than their CC counterparts. Moreover, the SNP was associated with 

LMA. Similarly, CT type steers had bigger muscle area than the CC type. Though reports on 

this particular SNP are scant, a novel mutation in intron 1 of the GHRH gene was reported to 

be associated with growth traits in Chinese (Nanyang and Qinchuan) cattle (Zhang et al. 

2012). The study showed that the SNP was associated with longitudinal measurements of 

hucklebone width and body weight taken from 6 to 24 mo of age. A study in Korean native 

(Hanwoo) cattle showed that an SNP in the 5  untranslated region (UTR) of the GHRH gene 

had significant association with cold carcass weight and longissimus muscle area (Cheong et 

al. 2006). These reports suggest that polymorphisms in the GHRH can be important factors 

that affect both growth and carcass traits in cattle.  

The GDF8 (rs137528458) SNP was associated with both BW and WH at 20 and 28 mo of 

age. The SNP was also associated with CG at 28 mo. Additionally, the polymorphism was 

associated with CW and LMA. The CC type steers had significantly higher values for both 

growth and carcass traits than the TC type steers. It is of paramount importance to note that 

TT animals were relatively few, resulting in large standard errors for this genotype. Though 

this study is probably the only report on the association of this particular SNP with 

longitudinal measures of growth, there are reports on other myostatin mutations. A different 

mutation under the brand name MyoMAX
® 

(Pfizer Animal Health, Dunedin, New Zealand) is 
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now used as a gene-marker for sheep breeding in New Zealand and elsewhere (Han et al. 

2010). Sheep that have an A allele for this marker are asserted to have at least 5 % increase in 

muscling in leg and rump. A study by Gan et al. (2008) analyzed the association of SNP 

haplotypes of the myostatin gene with muscular hypertrophy in sheep. The study revealed 

that some mutations had strong association with double muscling.  

 

4.3.2 Association of LEP SNP with growth and carcass traits 

The results for the association analysis for LEP polymorphisms are shown in Table 4.5. 

The LEP (29004487) was associated with AG at 9 and 28 mo of age however, the association 

was inconsistent. At nine mo, the AT genotype steers had larger AG than the AA type steers 

but the opposite was observed at 28 mo. Though the SNP was not associated with any carcass 

traits, there was a tendency (p < 0.1) of association with LMA. The LEP (rs29004508) was 

affiliated with WH at 9 mo and FNT. Additionally, there was a tendency (p < 0.1) of 

association with QS and BCS. Though the LEP polymorphisms were dissociated with body 

weight, the leptin hormone is involved in the control of body weight, feed intake, immune 

function and reproduction (Kadokawa et al. 2000 ; Block et al. 2001). Despite the association 

of the LEP (rs29004508) SNP with FNT, the polymorphism was not associated with fat 

thickness and marbling score as anticipated. Buchanan et al.  (2002) reported significant 

effects of polymorphisms in exon 2 of the leptin gene on backfat thickness and fat grade. 

Though the LEP SNP evaluated in this study were not associated with muscle area, a study 

by Kong et al. (2006) reported that an SNP in Exon 2 of the leptin gene was associated with 

backfat thickness and longissimus muscle area in Korean cattle.  
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Table 4.3 Association of GH polymorphisms determined through PCR-RFLP with growth and carcass traits in Japanese Black steers under progeny testing  

Age Trait 

GH Genotype
† 

P value 

AA (n = 55) AB (n = 105) AC (n = 32) BB (n = 51) BC (n = 32) CC (n = 4) 

 

Growth 

      

 

9   mo    Withers height (WH, cm) 117.65
a
±0.42

 
116.14

b
±0.34

 
116.66

ab
±0.54 115.76

b
±0.45 116.29

ab
±0.56 115.51

ab
±1.44 0.02 

14 mo    Withers height (WH, cm) 128.85
a
±0.63 126.81

b
±0.56 127.08

ab
±0.74 126.61

b
±0.70 126.42

ab
±0.84 124.08

ab
±1.96 0.00 

20 mo    Withers height (WH, cm) 137.37
a
±0.57 135.48

b
±0.47 136.59

ab
±0.69 135.15

b
±0.59 135.56

ab
±0.75 135.12

ab
±2.01 0.02 

28 mo    Body weight (BW, kg) 752.14
b
±7.83 728.58

c
±6.16 727.00

c
±10.47 734.61

c
±8.43 730.15

c
±10.70 801.71

a
±28.90 0.03 

 

   Withers height (WH, cm) 143.72
a
±0.63 141.89

b
±0.85 142.60

ab
±0.77 141.59

ab
±0.67 142.52

ab
±0.79 140.96

ab
±1.88 0.04 

 

   Abdominal girth (AG, cm) 262.06
ab

±1.22 261.08
b
±0.96 261.43

ab
±1.63 262.04

ab
±1.31 260.11

b
±1.66 274.72

a
±4.50 0.04 

 

Carcass 

      

 

 

   Carcass weight (CW, kg) 480.60
b
±5.77 463.54

c
±4.60 461.22

c
±7.59 469.53

c
±6.21 464.20

c
±7.77 509.99

a
±20.68 0.04 

     Rib thickness (RT, cm) 7.74
ab

±0.14 7.68
b
±0.12 7.63

b
±0.17 7.83

ab
±0.14 7.65

b
±0.17 8.91

a
±0.41 0.04 

†GH genotype refers to the following haplotype combinations: A (nucleotide C at rs41923484 and rs134687399), B (G at rs41923484 and C at rs134687399) and C (G at rs41923484 and T at rs134687399).  Values are 

expressed in least square means. n = number of cattle having the specified genotype. abcValues in the same row bearing the same superscripts don’t differ significantly (p < 0.05). 
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Table 4.4 Association of GHRH and GDF8 polymorphisms determined through PCR-RFLP with growth and carcass traits in Japanese Black steers under 

progeny testing   

Age Trait 

GHRH Genotype
† 

P value 

GDF8 Genotype
‡ 

P value 

CC (n = 266) CT (n = 14) TT (n = 3) TC (n = 44) CC(n = 215) 

 

Growth 

  

 

   

 

9   mo    Withers height (WH, cm) 116.38
b
±0.23 118.18

a
±0.83 0.03 114.31±1.69 116.08±0.51 116.66±0.35 0.22 

20 mo    Body weight (BW, kg) 587.59±3.70 598.56±12.48 0.38 543.25
ab

±25.84 572.73
b
±7.54 593.28

a
±4.35 0.01 

 

   Withers height (WH, cm) 135.91±0.39 136.95±1.02 0.30 133.63
ab

±2.02 134.77
b
±0.64 136.40

a
±0.43 0.02 

28 mo    Body weight (BW, kg) 734.53±4.16 756.47±15.78 0.17 726.72
ab

±33.63 716.15
b
±8.97 740.69

a
±4.67 0.04 

 

   Withers height (WH, cm) 142.27
b
±0.51 145.13

a
±1.12 0.01 139.63

ab
±2.17 140.95

b
±0.73 142.80

a
±0.56 0.01 

 

   Chest girth (CG, cm) 233.91±0.54 233.44±2.06 0.82 234.85
ab

±4.27 231.42
b
±1.14 234.53

a
±0.60 0.04 

 

Carcass 

  

 

   

 

 

   Carcass weight (CW, kg) 468.01±3.17 480.79±11.40 0.27 464.69
ab

±24.01
 

454.51
b
±6.47 471.80

a
±3.48 0.04 

     Longissimus muscle area (LMA, cm
2
) 63.08

b
±0.70 68.94

a
±2.53 0.02 64.13

ab
±5.20 59.77

b
±1.44 64.15

a
±0.83 0.02 

†GHRH (rs380969504), there were no TT genotype cattle. Values are expressed in least square means. n = number of cattle having the specified genotype.  

‡GDF8 (137528458). Values are expressed in least square means. n = number of cattle having the specified genotype.   abValues of the same gene in the same row bearing the same superscripts don’t differ 

significantly (p < 0.05). 
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Table 4.5 Association of LEP polymorphisms determined through PCR-RFLP with growth and carcass traits in Japanese Black steers under progeny testing  

Age Trait 

LEP Genotype
† 

P value 

LEP Genotype
‡ 

P value 

AA (n = 233) AT (n = 46) CC (n =237) CT (n = 41) 

 

Growth 

  

 

  

 

9   mo    Withers height (WH, cm) 116.51±0.33
 

116.28±0.53
 

0.64 116.68
a
±0.38 115.46

b
±0.55 0.02 

 

   Chest girth (CG, cm) 152.06±0.59 153.76±0.97 0.07 152.42±0.61 151.95±0.98 0.62 

 

   Abdominal girth (AG, cm) 181.18
b
±0.54 184.11

a
±1.14 0.02 181.69±0.56 181.38±1.17 0.81 

28 mo    Body weight (BW, kg) 738.26±4.34 721.80±9.28 0.09 736.52±4.40
 

730.86±9.39
 

0.57 

 

  Abdominal girth (AG, cm) 262.07
a
±0.67 258.60

b
±1.43 0.02 261.38±0.68

 
262.47±1.45

 
0.48 

 
Carcass 

  

 

  

 

     Longissimus muscle area (LMA, cm
2
) 63.84±0.69

 
61.10±1.48

 
0.08 62.98±0.90

 
64.86±1.60

 
0.24 

 
   Quality score (QS) 3.98±0.09 3.92±0.13 0.57 3.93±0.07 4.14±0.12 0.08 

 
   Beef color score (BSC) 4.09±0.07 3.99±0.13 0.45 4.03±0.06 4.25±0.12 0.08 

 
   Firmness and texture (FNT) 3.98±0.09 3.89±0.14 0.52 3.91

b
±0.07 4.19

a
±0.13 0.04 

†LEP (rs29004487), a lone TT genotype steer was excluded from the analysis. Values are expressed in least square means. n = number of cattle having the specified genotype. ‡LEP (rs29004508), a lone TT genotype 

steer was excluded from the analysis. Values are expressed in least square means. n = number of cattle having the specified genotype. abValues of the same gene in the same row bearing the same superscripts don’t  

differ significantly (p < 0.05). 
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4.4 Conclusion 

In conclusion, of the nine SNP evaluated in this chapter, five were found to be functional 

mutations that had significant effect on both growth and carcass traits. The SNP in the GH, 

GHRH, GDF8 and LEP genes were associated with growth and carcass traits. These 

polymorphisms might be able to aid in the selection of Japanese Black cattle to improve 

growth and meat quantity or quality. In this sample population there were no cattle 

possessing all the favorable alleles for the GH, GHRH, GDF8 and LEP genes however, the 

inclusion of these genetic markers in the current selection program may facilitate the making 

of selection decisions early as animals with favorable genotypes can be identified at a young 

age.   
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CHAPTER 5 

 

Variations in genes involved in fat metabolism and their association 

with ultrasonic and carcass traits in Japanese Black steers 

  

5.1 Introduction 

The organized genetic improvement of the Japanese Black cattle as a beef breed was 

initiated in the 1950s. In the year 1968, official performance and progeny testing programs 

were initiated in various prefectures. The BLUP using an animal model was later introduced 

to predict breeding values using field progeny testing records (Namikawa 1992). Since the 

development of the polymerase chain reaction technology (Fore et al. 2006), animal breeders 

have aimed to identify specific regions of interest that affect quantitative traits and 

incorporate them into breeding programs by using marker assisted selection (Van Marle-

Köster et al. 2013). Among genetic markers of interest are single nucleotide polymorphisms 

(SNP) in genes involved in fat metabolism. 

Among the genes involved in fat metabolism are fatty acid synthase (FASN), stearoyl-

coenzyme A desaturase (SCD), sterol regulatory element-binding protein 1 (SREBP1), 

diacylglycerol acyltransferase 1 (DGAT1) and nuclear receptor subfamily 1 group H, number 

3 (NR1H3). Fatty acid synthase is a complex homodimeric enzyme that regulates de novo 

biosynthesis of long chain fatty acids. It catalyses the formation of palmitate from acetyl-

coenzyme A and malonyl-coenzyme A in the presence of NADPH (Roy et al. 2006). 

Stearoyl-coenzyme A desaturase is an enzyme that catalyses the Δ9 desaturation of saturated 

fatty acids (SFA) to mono unsaturated fatty acids (MUFA) (Ohsaki et al. 2009). Sterol 

regulatory element binding protein is considered the main regulator of SCD expression 
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although SCD mRNA expression is affected by environmental factors (Martin et al. 1999). 

The DGAT1 enzyme plays a key role in triacylglycerol synthesis; it catalyses the 

esterification of a fatty acyl-coenzyme A to the sn-3 position of a diacylglycerol (Schennink 

et al. 2008). A study by Oppi-Williams et al. (2013) suggested that NR1H3 regulates acetyl 

coenzyme A carboxylase, FASN and DGAT. Given the role of these genes in fat metabolism, 

mutations in them might have effects on economically important traits such as carcass traits 

particularly those related to fat composition.  

Polymorphisms in the SCD and FASN genes have been reported to be associated with fatty 

acid composition in Japanese Black cattle (Mannen 2011; Matsuhashi et al. 2011) however; 

the relationship of these polymorphisms with premortem ultrasonic traits is unknown. The 

objective of this chapter, therefore, was to assess the association between polymorphisms in 

genes involved in fat metabolism and ultrasonic traits in Japanese Black steers at various 

stages of growth. Furthermore, the association of the polymorphisms and carcass traits was 

assessed.  

 

5.2 Materials and Methods 

5.2.1 Experimental animals and traits 

Data were collected from 300 Japanese Black steers that were under progeny testing at the 

Livestock Improvement Association of Miyazaki from June 2005 to July 2013. Animal 

management measurements of traits are given in detail in Chapter 3.  

  

5.2.2 Genotyping 

All the polymorphisms evaluated in this study are registered in the Single Nucleotide 

Database of the National Center of Biotechnology Information (NCBI 2010). The 

polymorphisms with their reference cluster ID numbers in parenthesis were in the fatty acid 
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synthase (FASN, rs208645216), stearoyl-coenzyme A desaturase (SCD, rs41255691), sterol 

regulatory element-binding protein 1 (SREBP1, rs133958066), diacylglycerol acyltransferase 

1 (DGAT1, rs109326954), and nuclear receptor subfamily 1, group H, number 3 (NR1H3, 

rs109428603). The polymorphisms in the FASN, SCD, DGAT1, and NR1H3 genes were SNP, 

whereas the polymorphism in the SREBP1 gene was an 84 base pair (bp) insertion/deletion 

(in/del) variation. These polymorphisms were described in previous studies by (Taniguchi et 

al. 2004; Abe et al. 2009; Kawahara-Miki et al. 2011; Lee et al. 2013; Oppi-Williams et al. 

2013). The polymorphisms in the FASN, DGAT1and NR1H3 result in amino acid changes. 

Approximately 10 ml of whole blood were obtained from each steer and placed in 

heparinised vacuum tubes. Genomic DNA extraction and amplification was done as 

previously described in chapter 4. Oligonucleotide primer base sequences, amplicon sizes and 

corresponding restriction enzymes are indicated in Table 5.1. The PCR conditions for FASN, 

SCD, and NR1H3 were: denaturation at 94°C for 2 min followed by 35 cycles of denaturation, 

annealing, and extension at 94°C for 30 s, 65°C for 30 s and 72°C for 1 min, respectively. 

Finally, extension was done at 72°C for 7 min. The same conditions were applied for 

SREBP1 except that the annealing temperature was 60°C. For DGAT1 the initial denaturation 

were at 98°C for 2 min followed by three 5 cycle phases and a single 20 cycle phase with 

denaturation, annealing, and extension at 98°C for 10 s, 72 to 66°C touchdown for 15 s and 

68°C for 1 min, respectively. 

After PCR amplification, 3 units of restriction enzymes (New England Biolabs, Ipswich, MA, 

USA) were utilized to cleave the 5 µL of amplified DNA. The reaction temperature was 37 °C with 

duration of 14 hours for all the restriction enzymes. Subsequently, genotypes were determined 

through electrophoresis using MultiNA (Shimadzu, Kyoto, Japan). The procedure was carried out as 

outlined in the MultiNA operation manual.  
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5.2.3 Statistical methods 

Association between genetic polymorphisms and traits was analyzed using ANOVA in 

JMP
®
 5.0.1 (SAS Inst. Inc., Cary NC, USA). The statistical model included fixed effect of 

genotype, starting test year, starting test season, a linear covariate of age of the animal at the 

time of measurement and a random effect of sire line (4 categories). Post hoc analysis was 

done using Tukey-Kramer’s honestly significant difference test. Probability levels of p < 0.05 

were considered to be significant while p < 0.1 were considered tendencies. The proportion of 

dominance variance to total genetic variance (  
  ) was calculated using a formula given by 

Falconer (1981) as follows:  

  
  

       

                    
 

where p and q stand for frequencies of the alleles that increase and decrease value, 

respectively; a stands for the additive effect that increases value; whereas d is the dominance 

effect of the heterozygote.  
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Table 5.1 Oligonucleotide primer base sequences, amplicon sizes and corresponding restriction 

enzymes 

Primer
†
  Base sequence Size(bp) Enzyme 

A 

FASN-F 

FASN-R 

5’-GCCAATCCTCTCTCACTGTCTGTCCC-3’ 

5’-GGGTGCCATTGTACTTGGGCTTGTT-3’ 

371 Hha I 

B 

SCD-F 

SCD-R 

5’-GAGAGTGGAAAATCAGGTAGGTCTC-3’ 

5’-GTAACCTAATACCCTAAGCAGCAGAC-3’ 

364 Nco I 

C 

SREBP1-F 

SREBP1-R 

5’-CCACAACGCCATCGAGAAACGCTAC-3’ 

5’-GGCCTTCCCTGACCACCCAACTTAG-3’ 

432 - 

D 

DGAT1-F 

DGAT1-R 

5’-CTCGTAGCTTTGGCAGGTAAG-3’ 

5’-AAGTTGAGCTCGTAGCACAGG-3’ 

201 Eae I 

E 
NR1H3-F 

NR1H3-R 

5’-GGACAAGGCCTCCGGCTTCCACTACAAC-3’ 

5’- TCCGGTGTCCAGACACTCACACTCCTCC-3’ 

241 HpyCH4IV 

FASN: fatty acid synthase, SCD: stearoyl-coenzyme A desaturase, SREBP1: sterol regulatory element-binding protein 1, DGAT1: 

diacylglycerol acyltransferase 1, NR1H3: nuclear receptor subfamily 1, group H, number 3. 

†A to E, primer sets for FASN, SCD, SREBP1, DGAT1, and NR1H3 respectively.  

 

5.3 Results and Discussion  

The number of records and genotypic frequencies for each marker are indicated in Table 

5.2. It is noteworthy that GG and AA genotypes of FASN and NR1H3, respectively were 

excluded from the analysis because they were found in less than 5 percent of the sample 

population. Given that the standard error of small samples tends to systematically 

underestimate the population standard error, a threshold of 5% was chosen based on Gurland 

and Tripathi (1971). Results for FASN, DGAT1 and NR1H3 are not discussed because these 

genes exhibited limited association with ultrasonic traits, i.e., less than two ultrasonic traits at 

20 and 26 mo of age. The 20 mo threshold was chosen because cattle are likely to be 
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slaughtered from this age onwards. However, their association results are shown in the 

appendix, supplementary tables (TS7 to TS12). 

 

Table 5.2 Genotypic frequencies and number of records for markers in the Japanese Black steer study 

population 

Marker  RS Number Records Genotypes Frequency 

FASN
† 

rs208645216 299 AA 0.76 

   AG 0.23 

   GG 0.01 

SCD rs41255691 300 AA 0.50 

   VA 0.42 

   VV 0.07 

SREBP1 rs133958066 299 LL 0.53 

   LS 0.38 

   SS 0.09 

DGAT1 rs109326954 293 AA 0.46 

   CA 0.47 

   CC 0.07 

NR1H3
‡
 rs109428603 239 GG 0.84 

   GA 0.15 

   AA 0.01 

FASN: fatty acid synthase; SCD: stearoyl-coenzyme A desaturase; SREBP1: sterol regulatory element-binding protein 1; DGAT1: 

diacylglycerol acyltransferase 1; NR1H3: nuclear receptor subfamily 1, group H, number 3. 

†GG genotype animals for FASN were excluded from the analysis because they were found in less than 5 percent of the sample population. 

‡AA genotype animals for NR1H3 were excluded from the analysis because they were found in less than 5 percent of the sample population.  
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5.3.1 Association of SCD SNP with ultrasonic and carcass traits 

 

Table 5.3 Association of SCD polymorphism with ultrasonic traits in Japanese Black steers 

determined through ANOVA 

  SCD Genotype
 

 

Age Trait
 

AA VA VV P value 

14 mo ULMA (cm
2
) 33.81 ± 0.30 33.47 ± 0.34 32.89 ± 0.80 0.458 

 USFT (mm) 8.18 ± 0.34 8.33 ± 0.36 7.77 ± 0.61 0.594 

 UIMFT (mm) 15.94 ± 0.99
b
 17.71 ± 1.02

a
 17.84 ± 1.45

ab
 0.008 

 URT (mm) 39.81 ± 1.08 41.01 ± 1.12 39.85 ± 1.70 0.239 

 UBMS 0.22 ± 0.02 0.25 ± 0.02 0.19 ± 0.03 0.072 

16 mo ULMA (cm
2
) 41.17 ± 0.37 41.37 ± 0.40 39.65 ± 0.92 0.205 

 USFT (mm) 10.63 ± 0.55 10.67 ± 0.56 9.66 ± 0.80 0.304 

 UIMFT (mm) 23.53 ± 1.38 24.87 ± 1.40 23.38 ± 1.98 0.250 

 URT (mm) 50.64 ± 1.36 51.86 ± 1.40 48.64 ± 2.23 0.209 

 UBMS 0.48 ± 0.02 0.51 ± 0.03 0.45 ± 0.05 0.262 

20 mo ULMA (cm
2
) 50.39 ± 0.57

ab
 51.27 ± 0.61

a
 48.05 ± 1.34

b
 0.043 

 USFT (mm) 13.55 ± 0.60 13.58 ± 0.62 13.05 ± 0.98 0.827 

 UIMFT (mm) 37.64 ± 1.87
b
 39.83 ± 1.92

a
 34.18 ± 2.92

b
 0.033 

 URT (mm) 68.13 ± 1.01 69.56 ± 1.11 64.84 ± 2.76 0.212 

 UBMS 0.85 ± 0.02
b
 0.95 ± 0.03

a
 0.75 ± 0.07

b
 0.001 

26 mo ULMA (cm
2
) 59.54 ± 0.64 61.12 ± 0.72 59.32 ± 1.62 0.176 

 USFT (mm) 17.38 ± 0.90 16.94 ± 0.93 15.93 ± 1.30 0.361 

 UIMFT (mm) 56.96 ± 2.05
b
 61.64 ± 2.11

a
 54.34 ± 3.10

b
 0.001 

 URT (mm) 86.88 ± 1.39
b
 90.41 ± 1.47

a
 82.49 ± 2.60

b
 0.001 

 UBMS 1.44 ± 0.05
b
 1.63 ± 0.06

a
 1.30 ± 0.12

b
 0.003 

SCD: stearoyl-coenzyme A desaturase, ANOVA: analysis of variance, ULMA: ultrasonic longissimus muscle area, USFT: ultrasonic 

subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, URT: ultrasonic rib thickness, UBMS: ultrasonic beef marbling 

score. Values are expressed in least squares mean ± standard error.  

a,b Least square mean values within a row bearing the same superscript don’t significantly (p < 0.05).  
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The association of the SCD SNP with ultrasonic traits is shown in Table 5.3. At 14 mo of 

age the polymorphism was associated with UIMFT. Furthermore, it was associated with the 

same trait at 20 and 26 mo. The polymorphism was associated with ULMA at one stage (20 

mo) only. Nonetheless, the SNP was affiliated with UBMS at 20 and 26 mo of age. Apart 

from UIMFT at 14 mo, the polymorphism seems to be associated with ultrasonic traits at late 

stages of growth (20 and 26 mo). To add to ultrasonic traits, the SCD polymorphism was 

associated with numerous carcass traits as shown in Table 5.4. These traits were RT, YE, QS, 

BMS, BCS, and FNT. It is of paramount importance to note that the association of the SCD 

SNP with YE and QS has economic consequences because carcass price is ultimately 

determined by these traits. Since the SNP is associated with RT which is one of the traits used 

to compute YE, it subsequently resulted in an association with YE. Similarly, the association 

of the SNP with BMS, BCS and FNT eventually affected QS as it is determined in part by 

these traits.  

It was fascinating to note that the steers with the heterozygous genotype (VA) had higher 

values for ultrasound and carcass measurements than their homozygous counterparts. There 

are three possible explanations for this observation: over dominance, epigenetic factors, and 

epistatic interactions. The over dominance hypothesis, developed independently by East 

(1908) and Shull (1908) attributes heterozygote advantage (improved or increased function) 

to over expression of genes in heterozygous individuals compared to homozygous ones. It is 

plausible to surmise that heterozygosity in the SCD gene results in the two alleles interacting 

more productively affecting the expression of the gene and some quantitative traits 

subsequently. On the other hand, epigenetic factors could be responsible for the observed 

phenomenon. A possible epigenetic mechanism is the involvement of micro RNA (miRNA). 

It has been reported that in hybrid plants most miRNA have non additive expression 

(Baranwal et al. 2012), they have been shown to repress translation of messenger RNA 
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(mRNA) or degrade it in mammalian cells (Zhou et al. 2007). It is possible that heterozygous 

animals might have less expression of miRNA resulting in more expression of genes in 

heterozygous individuals compared to homozygous ones. Additionally, epistatic interactions 

could be responsible for the high values in heterozygous steers.  

As shown in Tables 5.5 and 5.6, the proportion of dominance variance (  
 ) is high in most 

ultrasonic traits that were significantly associated with the SCD polymorphism and it ranged 

from 0 to 0.66 in carcass traits. Considering that dominance variance is any genetic variation 

that cannot be explained by average allelic differences or additive genetic variance, effects of 

other loci on a trait will appear as variance not associated with additive genetic variance i.e., 

epistatic effects appear as dominance variance. However, there is need to clarify the probable 

involvement of over dominance and epigenetic factors through expression studies employing 

techniques such as biopsy. Though there are no reports on the association of the SCD SNP 

with longitudinally measured ultrasonic traits, previous studies have evaluated its association 

with carcass traits. Matsuhashi et al. (2011) reported that the SNP had significant association 

with luster, firmness and texture in Japanese Black cattle. Contrary to the current study they 

did not observe any association with other carcass traits. Furthermore, a study by Ohsaki et 

al. (2009) did not find any association between the SCD SNP and carcass traits. However, the 

current study showed an association with some ultrasonic traits at multiple stages, to add to 

that, there was an association the numerous carcass traits. Most ultrasonic and carcass traits 

have fat as an integral part hence the mutation in the SCD gene affected them. 
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Table 5.4 Association of SCD polymorphism with carcass traits in Japanese Black steers determined 

through ANOVA 

  SCD Genotype   

Trait
 

AA VA VV P value 

CW (kg) 468.09 ± 4.31 470.85 ± 4.62 463.82 ± 9.59 0.717 

LMA (cm
2
) 62.35 ± 0.88 64.57 ± 0.96 61.94 ± 2.14 0.121 

SFT (mm) 27.08 ± 0.12 26.57 ± 0.12 25.73 ± 0.18 0.607 

RT (mm) 76.14 ± 0.12
b
 78.76 ± 0.12

a
 76.21 ± 0.20

ab
 0.023 

YE (%) 74.31 ± 0.21
b
 74.78 ± 0.21

a
 74.43 ± 0.35

ab
 0.023 

QS 3.89 ± 0.10
b
 4.10 ± 0.11

a
 3.91 ± 0.17

ab
 0.029 

BMS 1.62 ± 0.09
b
 1.84 ± 0.10

a
 1.64 ± 0.18

ab
 0.043 

BCS 3.96 ± 0.09
b
 4.21 ± 0.09

a
 4.06 ± 0.17

ab
 0.020 

FNT 3.83 ± 0.11
b
 4.12 ± 0.11

a
 4.05 ± 0.19

ab
 0.007 

FCS 4.99 ± 0.00 4.99 ± 0.00 5.01 ± 0.01 0.539 

SCD: stearoyl-coenzyme A desaturase, ANOVA: analysis of variance, CW: carcass weight, LMA: longissimus muscle area, SFT: 

subcutaneous fat thickness, RT: rib thickness, YE: yield estimate, QS: quality score, BMS: beef marbling score, BCS: beef color standard, 

FNT: firmness and texture, FCS: fat luster and color standard.  

a,b Least square mean values within a row bearing the same superscript don’t differ significantly (p < 0.05).  Values are expressed in least 

squares mean ± standard error.  
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Table 5.5 Additive and dominance effect, and proportion of dominance variance in ultrasonic traits 

for SCD polymorphism in Japanese Black steers 

  SCD 

Age Trait a d   
  

14 mo ULMA (cm
2
) 0.17 -0.11 0.11 

 USFT (mm) 0.02 0.17 0.12 

 UIMFT (mm) 1.22 0.25 0.01 

 URT (mm) 0.33 0.78 0.17 

 UBMS 0.01 0.03 0.93 

16 mo ULMA (cm
2
) 0.28 0.68 0.99 

 USFT (mm) 0.23 0.24 0.36 

 UIMFT (mm) 0.71 0.92 0.11 

 URT (mm) 0.02 1.46 0.52 

 UBMS 0.00 0.02 0.62 

20 mo ULMA (cm
2
) 0.86 2.23 0.98 

 USFT (mm) 0.11 0.21 0.97 

 UIMFT (mm) 1.52 4.15 0.97 

 URT (mm) 1.21 3.50 0.95 

 UBMS 0.06 0.16 0.95 

26 mo ULMA (cm
2
) 0.03 2.24 0.49 

 USFT (mm) 0.56 0.37 0.12 

 UIMFT (mm) 0.86 5.31 0.69 

 URT (mm) 2.65 6.22 0.99 

 UBMS 0.12 0.30 0.99 

SCD: stearoyl-coenzyme A desaturase, SREBP1: sterol regulatory element-binding protein, ULMA: ultrasonic longissimus muscle area, 

USFT: ultrasonic subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, URT: ultrasonic rib thickness, UBMS: 

ultrasonic beef marbling score. 

 a: additive effect, d: dominance effect,   
 : proportion of dominance variance to total genetic variance. 
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Table 5.6 Additive and dominance effect, and proportion of dominance variance in carcass traits for 

SCD polymorphisms in Japanese Black steers 

 SCD 

Trait a d   
  

CW (kg) 1.85 4.65 0.20 

LMA (cm
2
) 0.29 2.57 0.36 

SFT (mm) 0.04 -0.01 0.00 

RT (mm) 0.03 0.19 0.32 

YE (%) 0.06 0.42 0.33 

QS 0.01 0.23 0.42 

BMS 0.03 0.24 0.34 

BCS 0.08 0.21 0.20 

FNT 0.12 0.21 0.14 

FCS 0.00 -0.00 0.66 

SCD: stearoyl-coenzyme A desaturase, SREBP1: sterol regulatory element-binding protein, CW: carcass weight, LMA: longissimus muscle 

area, SFT: subcutaneous fat thickness, RT: rib thickness, YE: yield estimate, QS: quality score, BMS: beef marbling score, BCS: beef color 

standard, FNT: firmness and texture, FCS: fat luster and color standard.  

a: additive effect, d: dominance effect,   
 : proportion of dominance variance to total genetic variance.  

 

5.3.2 Association of SREBP1 polymorphisms with traits 

Table 5.7 and 5.8 show the association of SREBP1 in/del polymorphism with ultrasonic 

and carcass traits, respectively. The polymorphism had consistent association with URT from 

16 to 26 mo of age. To add to that, it was also associated with USFT at 20 and 26 mo. 

Furthermore, the polymorphism was also associated with ULMA and UIMFT at 16 and 26 

mo, respectively. An association analysis of the SREBP1 polymorphism and carcass traits 

revealed that it was affiliated with RT. The association with RT was consistent in both live 

animals (from 16 mo) and in carcasses. On the other hand, an association with SFT was 

observed in live animals but not in carcasses. Even though the polymorphism was associated 
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with carcass RT and a number of ultrasonic traits, it was neither associated with YE or QS 

which are traits of paramount importance in determining carcass prices. Nevertheless, it 

should be highlighted that if slaughter age is reduced to between 20 and 26 mo the 

polymorphism could have significant effects on carcass SFT apart from RT. Steers with the 

SS genotype had significantly higher values for ultrasonic and carcass traits than the LL and 

LS ones.  

The SREBP1 polymorphism evaluated in this study is an 84 base pair insertion 

(L)/deletion (S) found in intron 5 (Ohsaki et al. 2009). The SREBP1 is a transcription factor 

that regulates the expression of several fatty acid synthesis genes including SCD and FASN 

(Horton et al. 2003; Matsuzaka et al. 2007). Furthermore, SREBP1 has been shown to 

regulate acetyl-coenzyme A carboxylase, FASN, DGAT1 and SCD (Oppi-Williams et al. 

2013). The association of the SREBP1 polymorphism with ultrasonic and carcass traits can be 

attributed to the effects of the gene on some genes involved in fat metabolism. In spite of the 

fact that previous reports did not find an association between the SREBP1 polymorphism 

with carcass traits (Matsuhashi et al. 2011), a different SNP in the gene was associate with 

marbling score in Korean (Hanwoo) cattle (Lee et al. 2013). In addition, a study by Ohsaki et 

al. (2009) showed an association of the SREBP1 in/del polymorphism with carcass weight in 

one group of Japanese cattle, however it was insignificant in another. Despite the fact that the 

SREBP1 mutation in the current study was associated with a lone carcass trait (RT), its 

association with multiple ultrasonic traits at young age (20 to 26 mo) could be important if 

animals are slaughtered earlier. Currently there are efforts to reduce the slaughter age to 

increase production efficiency and increase competitiveness on international markets 

(personal communication).  

Tables 5.9 and 5.10 show the proportion of dominance variance (  
 ) in ultrasonic and 

carcass traits, respectively. The proportion of dominance variance ranged from 0 to 0.94 in 
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ultrasonic traits; while in carcass traits it ranged from 0.07 to 0.91. These values indicate a 

varying degree of dominance effects on expression of both ultrasonic and carcass traits. 

 

Table 5.7 Association of SREBP1 polymorphism with ultrasonic traits in Japanese Black steers 

determined through ANOVA 

   SREBP1 Genotype   

Age Trait LL LS SS P value 

14 mo ULMA (cm
2
) 33.56 ± 0.31 33.38 ± 0.34 35.01 ± 0.66 0.070 

 USFT (mm) 8.21 ± 0.34 8.28 ± 0.35 8.01 ± 0.52 0.855 

 UIMFT (mm) 16.91 ± 1.01 16.67 ± 1.03 16.00 ± 1.32 0.677 

 URT (mm) 40.44 ± 1.10 39.75 ± 1.13 41.76 ± 1.51 0.252 

 UBMS 0.23 ± 0.02 0.23 ± 0.02 0.24 ± 0.03 0.967 

16 mo ULMA (cm
2
) 41.13 ± 0.39

b
 40.63 ± 0.42

b
 43.39 ± 0.82

a
 0.009 

 USFT (mm) 10.51 ± 0.55 10.52 ± 0.56 11.14 ± 0.75 0.572 

 UIMFT (mm) 23.69 ± 1.41 23.93 ± 1.42 26.66 ± 1.87 0.145 

 URT (mm) 50.18 ± 1.39
b
 50.93 ± 1.41

b
 55.46 ± 2.05

a
 0.021 

 UBMS 0.48 ± 0.02 0.49 ± 0.02 0.54 ± 0.04 0.290 

20 mo ULMA (cm
2
) 50.94 ± 0.60 49.84 ± 0.64 52.15 ± 1.15 0.086 

 USFT (mm) 13.43 ± 0.63
b
 13.25 ± 0.65

b
 15.24 ± 0.88

a
 0.028 

 UIMFT (mm) 38.44 ± 1.96 37.35 ± 2.00 42.09 ± 2.67 0.099 

 URT (mm) 67.99 ± 1.02
b
 67.13 ± 1.14

b
 76.74 ± 2.27

a
 0.001 

 UBMS 0.88 ± 0.03 0.88 ± 0.03 0.93 ± 0.06 0.740 

26 mo ULMA (cm
2
) 60.58 ± 0.67 59.34 ± 0.73 61.61 ± 1.43 0.218 

 USFT (mm) 16.56 ± 0.89
b
 17.30 ± 0.90

ab
 19.15 ± 1.19

a
 0.028 

 UIMFT (mm) 58.32 ± 2.14
ab

 57.83 ± 2.18
b
 63.94 ± 2.94

a
 0.044 

 URT (mm) 87.80 ± 1.33
ab

 87.19 ± 1.40
b
 92.76 ± 2.31

a
 0.045 

 UBMS 1.48 ± 0.05 1.55 ± 0.06 1.49 ± 0.11 0.592 

SREBP1: sterol regulatory element-binding protein, ANOVA: analysis of variance, ULMA: ultrasonic longissimus muscle area, USFT: 

ultrasonic subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, URT: ultrasonic rib thickness, UBMS: ultrasonic beef 

marbling score.  

a,b Least square mean values within a row bearing the same superscripts don’t differ significantly(p < 0.05). Values are expressed in least 

squares mean ± standard error. 
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Table 5.8 Association of SREBP1 polymorphism with carcass traits in Japanese Black steers 

determined through ANOVA 

 SREBP1 Genotype  

Trait LL LS SS P value 

CW (kg) 467.50 ± 4.30 467.79 ± 4.66 481.94 ± 8.44 0.244 

LMA (cm
2
) 63.91 ± 0.90 62.09 ± 0.99 64.62 ± 1.89 0.216 

SFT (mm) 26.48 ± 0.12 26.57 ± 0.13 29.26 ± 0.17 0.107 

RT (mm) 76.80 ± 0.11
b
 76.77 ± 0.12

b
 81.23 ± 0.18

a
 0.028 

YE (%) 74.61 ± 0.21 74.38 ± 0.21 74.57 ± 0.32 0.426 

QS 3.93 ± 0.10 4.04 ± 0.10 4.01 ± 0.15 0.404 

BMS 1.66 ± 0.09 1.77 ± 0.10 1.77 ± 0.16 0.494 

BCS 4.02 ± 0.09 4.15 ± 0.09 4.04 ± 0.15 0.385 

FNT 3.91 ± 0.10 4.03 ± 0.10 3.98 ± 0.17 0.427 

FCS 4.99 ± 0.01 5.00 ± 0.01 4.99 ± 0.02 0.614 

SREBP1: sterol regulatory element-binding protein, ANOVA: analysis of variance, CW: carcass weight, LMA: longissimus muscle area, 

SFT: subcutaneous fat thickness, RT: rib thickness, YE: yield estimate, QS: quality score, BMS: beef marbling score, BCS: beef color 

standard, FNT: firmness and texture, FCS: fat luster and color standard.  

a,b Least square mean values within a row bearing the same superscripts don’t differ significantly (p < 0.05). Values are expressed in least 

squares mean ± standard error.  
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Table 5.9 Additive and dominance effect, and proportion of dominance variance in ultrasonic traits 

for SREBP1 polymorphism in Japanese Black steers 

  SREBP1 

Age Trait a d   
  

14 mo ULMA (cm
2
) 0.61 -0.60 0.33 

 USFT (mm) 0.04 0.29 0.36 

 UIMFT (mm) 0.33 0.64 0.94 

 URT (mm) 0.86 -1.03 0.49 

 UBMS 0.03 -0.01 0.02 

16 mo ULMA (cm
2
) 1.11 -1.31 0.50 

 USFT (mm) 0.38 0.03 0.00 

 UIMFT (mm) 0.86 -0.42 0.06 

 URT (mm) 1.67 -0.75 0.05 

 UBMS 0.05 -0.01 0.00 

20 mo ULMA (cm
2
) 0.52 -1.68 0.88 

 USFT (mm) 0.88 -0.87 0.34 

 UIMFT (mm) 0.74 -2.11 0.94 

 URT (mm) 3.21 -4.67 0.74 

 UBMS 0.02 -0.02 0.25 

26 mo ULMA (cm
2
) 0.57 -1.85 0.92 

 USFT (mm) 1.34 -0.51 0.03 

 UIMFT (mm) 2.16 -2.85 0.60 

 URT (mm) 2.38 -3.80 0.81 

 UBMS 0.02 0.04 0.19 

SCD: stearoyl-coenzyme A desaturase, SREBP1: sterol regulatory element-binding protein, ULMA: ultrasonic longissimus muscle area, 

USFT: ultrasonic subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, URT: ultrasonic rib thickness, UBMS: 

ultrasonic beef marbling score. 

a: additive effect, d: dominance effect,   
 : proportion of dominance variance to total genetic variance. 
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Table 5.10 Additive and dominance effect, and proportion of dominance variance in carcass traits 

SREBP1 polymorphism in Japanese Black steers 

 SREBP1 

Trait a d   
  

CW (kg) 4.31 -5.06 0.49 

LMA (cm
2
) 0.64 -2.10 0.91 

SFT (mm) 0.16 -0.09 0.08 

RT (mm) 0.26 -0.21 0.21 

YE (%) 0.07 -0.27 0.85 

QS 0.02 0.08 0.27 

BMS 0.01 0.06 0.28 

BCS 0.02 0.13 0.68 

FNT 0.01 0.11 0.53 

FCS 0.01 0.01 0.07 

SCD: stearoyl-coenzyme A desaturase, SREBP1: sterol regulatory element-binding protein, CW: carcass weight, LMA: longissimus muscle 

area, SFT: subcutaneous fat thickness, RT: rib thickness, YE: yield estimate, QS: quality score, BMS: beef marbling score, BCS: beef color 

standard, FNT: firmness and texture, FCS: fat luster and color standard. 

a: additive effect, d: dominance effect,   
 : proportion of dominance variance to total genetic variance. 

 

5.4 Conclusion 

The SCD SNP evaluated in this study is a functional mutation that had substantial effects 

not only on live animal ultrasonic traits but also numerous carcass traits. Worth noting is that 

the SNP affects both YE and QS which are the traits that dictate carcass price. The SCD SNP 

could aid in the selection of Japanese Black cattle to improve carcass yield and quality. 

Though the SREBP1 in/del polymorphism evaluated in this study was associated with a lone 

carcass trait (RT), it was also associated with USFT, UIMFT and URT at 26 mo of age. The 

SREBP1 polymorphism might therefore be important if slaughter age of animals is reduced. 
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In both SCD and SREBP1 polymorphisms the proportion of dominance variance was high in 

some traits indicating the possibility that multiple loci affect the traits.  
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GENERAL CONCLUSION     

To evaluate the feasibility of early selection of bulls, genetic parameters for ultrasonic 

carcass traits, growth, and feed intake and efficiency traits of 525 eleven mo old performance 

test bulls were estimated using JMP
®
 5.0.1 (SAS) program. Heritability estimates for rib eye 

area, muscle and fat thickness, and rib thickness ranged from 0.15-0.40. For highly heritable 

traits where heritability exceeds 0.40, the animal’s phenotype is a good indicator of genetic 

merit or breeding value. Traits that are moderately heritable where heritability ranges from 

0.15 to 0.40, the animals phenotypic value is a moderate indicator of genetic merit or 

breeding value. For lowly heritable traits, where heritability is below 0.15, an animal’s 

performance is much less useful in identifying the individuals with best genes for the traits. 

All growth traits except CW had heritability values in the moderate to high category. These 

results indicate that genetic improvement for growth can be achieved through selection.  

Phenotypic values for most body measurements are moderate or good indicators of an 

animal’s genetic merit or breeding value. The analysis of variance indicated that 

environmental effects significantly affect growth of animals. Seasonal changes in both feed 

consumption and efficiency of feed utilization were evident. This highlights the importance 

of considering seasonal differences when evaluating cattle.  There was considerable genetic 

variation in feed consumption and efficiency of feed utilization. This implies that feed 

efficiency can be improved through selection. The range of heritability values for most 

ultrasonic traits implies that they can be improved genetically through selection. However, 

the heritability for marbling score was low; taking ultrasonic measurements at an older age 

results in increased variation between cattle as indicated in chapter 3 marbling growth curve. 

Despite the low heritability exhibited, animals with higher marbling score at younger age 

have significantly higher marbling values as they grow older. Hence, selection of these 

animals is likely to be effective as well.  
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To combat increased competition from foreign products and to address the changing 

consumer demands while increasing competitiveness the possibility of early slaughter was 

evaluated. Serial measurements of body and ultrasonic traits were collected from 300 

Japanese Black steers. Carcass measurements were taken after slaughter. Growth curves of 

ultrasonic traits were estimated and carcass YE at different ages was estimated using stepwise 

multiple regression. Multivariate analysis of the serial measures of LMA, RT and  BMS 

revealed that there are no significant changes between measures at 26 and 28 mo of age 

however, intermuscular fat increased significantly during the same period. Linear regression 

analysis revealed that steers could attain carcass YE of grade A i.e., above 72 % as early as 

18 mo of age. Daily weight gain started to decline from 20 mo of age. These results suggest 

that a reduction of slaughter age to about 25 mo will result in a more efficient production 

system moreover; the results of carcass data will be available early facilitating early selection. 

It is noteworthy that the impact of early slaughter on carcass QS which is computed using 

BMS, BCS, FNT and FCS is beyond the scope of this study. Nevertheless, this study revealed 

that there is no significant difference in BMS measurements taken at 26 and 28 mo of age.  

 The current selection program is based on the phenotypic and pedigree information. 

However, advances in technology have made sequencing possible and gradually cheaper; this 

has made it possible to identify genomic regions that affect economically important traits. To 

improve the current program polymorphisms in genes that affect growth and carcass traits 

were appraised.   The PCR-RFLP method was used to determine genotypes of a total of 300 

Japanese Black steers. Association analysis was done using ANOVA and post hoc analysis 

using HSD test. Among the growth related polymorphisms evaluated, SNP in the GH, GHRH, 

GDF8 (rs137528458) and LEP (rs29004487; rs29004508) genes were associated with growth 

and carcass traits. These polymorphisms might be able to aid in the selection of cattle to 

improve growth and meat quality or quantity. Evaluation of fat related genes revealed that 



95 

 

SCD SNP was associated with ultrasonic traits and numerous carcass traits. It is of paramount 

importance to note that the SNP was associated with carcass YE and QS which dictate 

carcass price. The SREBP1 in/del polymorphism evaluated in this study was associated with 

USFT, UIMFT and URT at 26 mo of age however it was associated with a carcass RT only. 

The SREBP1 polymorphism might play an important role if slaughter age of animals is 

reduced. The polymorphisms with economic impact were those in the GH, GDF8, because 

the affect the CW. Furthermore, the SCD polymorphism affects both YE and QS which are 

price determinants. These are functional mutations that can be included in the selection 

program to improve meat quality and quantity. Though this study focused on growth and 

carcass traits it is of paramount importance to mention that reproductive traits should not be 

ignored in order to have a prosperous beef production industry. Immense selection is being 

done to improve meat production traits but there is a trend of increased calving interval which 

is counterproductive. Reproductive traits are beyond the scope of this study but their 

importance in having a sustainable and competitive beef industry should not be overlooked.  

Overall, a comprehensive selection program that utilizes ultrasound to facilitate selection 

of bulls at an early stage, estimates carcass traits in progeny early, and includes genetic 

markers is recommended. The early slaughter of progeny will not only improve production 

efficiency but also reduce the time for breeders to receive and evaluate carcass data for 

selection purposes. Inclusion of the favorable CC genotype of GH can result in as much as 30 

or 40kg/head increase in carcass weight. The outstanding merit of molecular markers is that 

some selection decisions can be made even before birth of an animal based on parental 

genotypes or just after birth of the animal resulting in reduced costs since animals that don’t 

meet the requirements can be raised as meat stock without using expensive breeding stock 

testing facilities and resources. Furthermore, animals that possess unfavorable markers on 
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important traits can be managed differently from their superior counterparts in order to boost 

their production potential through environmental approaches such as feeding.  
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Appendix 

Table S1 Association of SST polymorphism with growth traits in Japanese Black steers 

  SST Genotype
†
  

Age Trait AA (n = 22) AG (n = 73) GG (n = 168) P Value 

9 mo Body weight (BW, kg) 271.33 282.53 277.71 0.15 

 Withers height (WH, cm) 116.17 116.66 116.47 0.78 

 Chest girth (CG, cm) 151.60 153.17 152.07 0.23 

 Abdorminal girth (CG, cm) 179.80 182.10 181.66 0.44 

14 mo Body weight (BW, kg) 427.55 425.13 423.85 0.91 

 Withers height (WH, cm) 127.81 127.27 127.13 0.75 

 Chest girth (CG, cm) 179.05 177.20 177.78 0.41 

 Abdorminal girth (CG, cm) 210.12 209.13 210.02 0.69 

20 mo Body weight (BW, kg) 583.35 588.15 591.13 0.76 

 Withers height (WH, cm) 135.90 135.98 135.97 0.99 

 Chest girth (CG, cm) 207.43 207.26 208.30 0.64 

 Abdorminal girth (CG, cm) 235.17 236.63 237.50 0.51 

28 mo Body weight (BW, kg) 739.66 732.74 737.69 0.81 

 Withers height (WH, cm) 142.53 142.37 142.33 0.98 

 Chest girth (CG, cm) 235.80 232.67 234.23 0.15 

 Abdorminal girth (CG, cm) 261.88 260.62 261.96 0.59 

†SST : values are expressed in least square means. n = number of cattle having the specified genotype. 
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Table S2 Association of SST polymorphism with carcass traits in Japanese Black steers 

 SST Genotype
†
  

Trait AA (n = 22) AG (n = 73) GG (n = 168) P Value 

Carcass weight (CW, kg) 468.21 465.35 471.26 0.63 

Longissimus muscle area (LMA, cm
2
) 63.52 62.62 63.88 0.65 

Rib thickness (RT, cm) 7.91 7.64 7.73 0.38 

Subcutaneous fat thickness (SFT, cm) 2.59 2.71 2.68 0.75 

Yield estimate percentage (YE, %) 74.80 74.38 74.57 0.41 

Quality score (QS) 4.09 3.98 3.95 0.68 

Beef marbling score (BMS) 1.93 1.67 1.69 0.33 

Beef color standard (BCS) 4.26 4.03 4.05 0.42 

Fat color standard (FCS) 5.01 5.00 4.98 0.22 

Firmness and texture (FNT) 4.13 3.96 3.94 0.58 

†SST: values are expressed in least square means. n = number of cattle having the specified genotype. 
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Table S3 Association of GDF8 polymorphism with growth traits in Japanese Black steers 

  GDF8 Genotype
†
  

Age Trait AA (n = 82) AG (n = 139) GG (n = 52) P Value 

9 mo Body weight (BW, kg) 279.43 279.68 276.40 0.77 

 Withers height (WH, cm) 116.83 116.41 116.02 0.29 

 Chest girth (CG, cm) 152.91 152.32 150.93 0.12 

 Abdominal girth (CG, cm) 182.39 181.78 179.73 0.11 

14 mo Body weight (BW, kg) 427.07 423.61 420.31 0.56 

 Withers height (WH, cm) 127.74 126.98 126.76 0.24 

 Chest girth (CG, cm) 177.69 178.26 176.46 0.17 

 Abdominal girth (CG, cm) 209.71 209.50 209.13 0.92 

20 mo Body weight (BW, kg) 590.83 587.31 584.61 0.75 

 Withers height (WH, cm) 135.28 135.89 135.58 0.55 

 Chest girth (CG, cm) 208.36 207.66 206.62 0.48 

 Abdominal girth (CG, cm) 236.99 236.35 237.62 0.62 

28 mo Body weight (BW, kg) 738.76 733.13 737.06 0.77 

 Withers height (WH, cm) 142.50 142.35 142.27 0.93 

 Chest girth (CG, cm) 234.02 233.95 233.15 0.78 

 Abdominal girth (CG, cm) 261.11 261.72 261.61 0.88 

†GDF8 (rs383271508). Values are expressed in least square means. n = number of cattle having the specified genotype. 
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Table S4 Association of GDF8 polymorphism with carcass traits in Japanese Black steers 

 GDF8 Genotype
†
  

Trait AA (n = 82) AG (n = 139) GG (n = 52) P Value 

Carcass weight (CW, kg) 470.84 467.40 468.53 0.84 

Longissimus muscle area (LMA, cm
2
) 62.63 63.48 65.23 0.28 

Rib thickness (RT, cm) 7.72 7.73 7.67 0.90 

Subcutaneous fat thickness (SFT, cm) 2.74 2.68 2.58 0.37 

Yield estimate percentage (YE, %) 74.36 74.57 74.83 0.17 

Quality score (QS) 3.97 3.98 3.91 0.80 

Beef marbling score (BMS) 1.69 1.74 1.61 0.60 

Beef color standard (BCS) 3.99 4.10 4.07 0.56 

Fat color standard (FCS) 4.99 5.00 4.97 0.14 

Firmness and texture (FNT) 3.90 3.99 3.98 0.70 

†GDF8 (rs383271508). Values are expressed in least square means. n = number of cattle having the specified genotype. 
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Table S5 Association of LEP polymorphism with growth traits in Japanese Black steers 

  LEP Genotype
†
  

Age Trait CC (n = 166) TC (n = 98) TT (n = 15) P Value 

9 mo Body weight (BW, kg) 278.14 278.69 283.26 0.77 

 Withers height (WH, cm) 116.37 116.61 116.52 0.83 

 Chest girth (CG, cm) 152.19 152.46 152.43 0.93 

 Abdominal girth (CG, cm) 181.15 182.22 182.85 0.45 

14 mo Body weight (BW, kg) 423.63 424.07 424.99 0.99 

 Withers height (WH, cm) 127.07 127.42 126.75 0.68 

 Chest girth (CG, cm) 177.68 177.77 179.33 0.63 

 Abdominal girth (CG, cm) 209.45 209.54 208.48 0.89 

20 mo Body weight (BW, kg) 586.64 588.58 593.01 0.88 

 Withers height (WH, cm) 135.65 136.31 137.37 0.17 

 Chest girth (CG, cm) 207.08 208.20 212.06 0.09 

 Abdominal girth (CG, cm) 236.85 236.42 237.93 0.83 

28 mo Body weight (BW, kg) 736.10 733.83 729.65 0.91 

 Withers height (WH, cm) 142.10 142.73 143.34 0.30 

 Chest girth (CG, cm) 233.84 234.01 232.59 0.79 

 Abdominal girth (CG, cm) 262.10 260.67 258.18 0.20 

†LEP (rs29004488). Values are expressed in least square means. n = number of cattle having the specified genotype. 
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Table S6 Association of LEP polymorphism with carcass traits in Japanese Black steers 

 LEP Genotype
†
  

Trait CC (n = 166) TC (n = 98) TT (n = 15) P Value 

Carcass weight (CW, kg) 468.69 467.47 468.07 0.98 

Longissimus muscle area (LMA, cm
2
) 63.82 62.90 58.99 0.16 

Rib thickness (RT, cm) 7.71 7.74 7.70 0.97 

Subcutaneous fat thickness (SFT, cm) 2.68 2.71 2.86 0.58 

Yield estimate percentage (YE, %) 74.58 74.48 73.80 0.13 

Quality score (QS) 4.00 3.94 3.81 0.51 

Beef marbling score (BMS) 1.72 1.71 1.53 0.65 

Beef color standard (BCS) 4.09 4.05 3.88 0.60 

Fat color standard (FCS) 4.99 5.00 5.00 0.86 

Firmness and texture (FNT) 4.00 3.94 3.69 0.33 

†LEP (rs383271508). Values are expressed in least square means. n = number of cattle having the specified genotype. 
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Table S7 Association of FASN polymorphism with ultrasonic traits in Japanese Black steers 

  FASN Genotype
†
  

Age Trait AA AG    P value 

14 mo ULMA, cm
2
 33.68 33.44 0.633 

 USFT, mm 8.30 8.01 0.403 

 UIMFT, mm 16.55 17.23 0.362 

 URT, mm 40.20 40.47 0.761 

 UBMS 0.22 0.25 0.145 

16 mo ULMA, cm
2
 40.97 41.68 0.247 

 USFT, mm 10.45 11.10 0.133 

 UIMFT, mm 23.81 25.31 0.159 

 URT, mm 50.41
b
 53.01

a
 0.047 

 UBMS 0.48 0.53 0.066 

20 mo ULMA, cm
2
 50.88 49.85 0.200 

 USFT, mm 13.37 14.07 0.164 

 UIMFT, mm 38.32 38.19 0.927 

 URT, mm 68.54 68.46 0.963 

 UBMS 0.86
b
 0.96

a
 0.026 

26 mo ULMA, cm
2
 60.52 59.12 0.189 

 USFT, mm 16.91 17.53 0.365 

 UIMFT, mm 58.51 59.60 0.530 

 URT, mm 88.69 86.35 0.147 

 UBMS 1.49 1.57 0.361 

ULMA: ultrasonic longissimus muscle area, USFT: ultrasonic subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, 

URT: ultrasonic rib thickness, UBMS: ultrasonic beef marbling score. 

† GG Genotype steers were excluded from the analysis because they were found in less than 5 percent of the sample population. 

a,b Least square mean values within a row bearing the same superscripts don’t differ significantly (p < 0.05).  
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Table S8 Association of FASN polymorphism with carcass traits in Japanese Black steers 

 FASN Genotype
†
  

Trait AA AG     P value 

CW, kg 470.81 463.83 0.243 

LMA, cm
2
 63.71 61.78 0.154 

SFT, mm 26.58 27.10 0.575 

RT, mm 77.51 75.78 0.142 

YE, % 74.57 74.29 0.170 

QS 3.97 3.99 0.846 

BMS 1.70 1.74 0.718 

BCS 4.07 4.08 0.918 

FNT 3.99 3.89 0.388 

FCS 4.99 5.00 0.783 

CW: carcass weight, LMA: longissimus muscle area, SFT: subcutaneous fat thickness, RT: rib thickness, YE: yield estimate, 

QS: quality score, BMS: beef marbling score, BCS: beef color standard, FNT: firmness and texture, FCS: fat color standard.  

† GG Genotype steers were excluded from the analysis because they were found in less than 5 percent of the sample 

population. 
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Table S9 Association of DGAT1 polymorphism with ultrasonic traits in Japanese Black 

steers 

  DGAT1 Genotype  

Age Trait AA CA CC      P value 

14 mo ULMA, cm
2
 33.59 33.63 33.77 0.976 

 USFT, mm 8.31 8.14 8.27 0.819 

 UIMFT, mm 16.92 16.69 16.27 0.840 

 URT, mm 40.40 40.21 40.21 0.966 

 UBMS 0.23 0.23 0.20 0.533 

16 mo ULMA, cm
2
 40.79 41.41 41.59 0.419 

 USFT, mm 10.83 10.36 10.65 0.408 

 UIMFT, mm 24.04 24.29 23.21 0.785 

 URT, mm 50.59 51.40 50.60 0.736 

 UBMS 0.52 0.48 0.42 0.052 

20 mo ULMA, cm
2
 49.95 51.14 50.72 0.201 

 USFT, mm 13.93 13.12 14.02 0.129 

 UIMFT, mm 37.70 38.93 37.97 0.610 

 URT, mm 67.55 69.37 69.02 0.437 

 UBMS 0.91 0.87 0.90 0.558 

26 mo ULMA, cm
2
 59.72 60.48 60.98 0.611 

 USFT, mm 17.37 16.89 17.33 0.677 

 UIMFT, mm 58.25 59.08 58.55 0.843 

 URT, mm 87.15 88.86 87.93 0.442 

 UBMS 1.47 1.54 1.46 0.537 

ULMA: ultrasonic longissimus muscle area, USFT: ultrasonic subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, 

URT: ultrasonic rib thickness, UBMS: ultrasonic beef marbling score. 
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Table S10 Association of DGAT1 polymorphism with carcass traits in Japanese Black steers 

 DGAT1 Genotype  

Trait AA CA CC      P value 

CW, kg 465.69 470.34 480.39 0.280 

LMA, cm
2
 62.41 63.80 63.62 0.481 

SFT, mm 27.53 26.11 27.14 0.173 

RT, mm 76.38 77.77 78.38 0.306 

YE, % 74.30 74.69 74.47 0.080 

QS 3.90 4.04 3.97 0.212 

BMS 1.63 1.79 1.67 0.191 

BCS 3.97 4.15 4.07 0.122 

FNT 3.84
b
 4.07

a
 3.96

b
 0.048 

FCS 4.98 5.00 5.01 0.059 

CW: carcass weight, LMA: longissimus muscle area, SFT: subcutaneous fat thickness, RT: rib thickness, YE: yield estimate, QS: quality 

score, BMS: beef marbling score, BCS: beef color standard, FNT: firmness and texture, FCS: fat color standard.  

a,b Least square mean values within a row bearing the same superscripts don’t differ significantly (p < 0.05).   
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Table S11 Association of NR1H3 polymorphism with ultrasonic traits in Japanese Black steers 

  NR1H3 Genotype
†
  

Age Trait GG GA     P value 

14 mo ULMA, cm
2
 33.47 33.42 0.940 

 USFT, mm 8.12 8.81 0.075 

 UIMFT, mm 16.69 17.27 0.532 

 URT, mm 39.95 40.30 0.740 

 UBMS 0.23 0.20 0.216 

16 mo ULMA, cm
2
 40.91 41.19 0.720 

 USFT, mm 10.37 11.21 0.094 

 UIMFT, mm 23.43
b
 27.05

a
 0.005 

 URT, mm 50.36 51.74 0.385 

 UBMS 0.49 0.48 0.918 

20 mo ULMA, cm
2
 50.47 51.60 0.285 

 USFT, mm 13.23 13.99 0.255 

 UIMFT, mm 37.51 40.85 0.077 

 URT, mm 77.16 77.21 0.977 

 UBMS 0.88 0.82 0.258 

26 mo ULMA, cm
2
 60.29 58.99 0.349 

 USFT, mm 16.53 17.86 0.100 

 UIMFT, mm 58.15 62.52 0.052 

 URT, mm 87.97 89.49 0.446 

 UBMS 1.47 1.46 0.874 

ULMA: ultrasonic longissimus muscle area, USFT: ultrasonic subcutaneous fat thickness, UIMFT: ultrasonic intermuscular fat thickness, 

URT: ultrasonic rib thickness, UBMS: ultrasonic beef marbling score. 

† AA Genotype steers were excluded from the analysis because they were found in less than 5 percent of the sample population. a,b Least 

square mean values within a row are different if superscripts differ (p < 0.05).  
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Table S12 Association of NR1H3 polymorphism with carcass traits in Japanese Black steers 

 NR1H3 Genotype
†
  

Trait GG GA      P value 

CW, kg 469.11 468.80 0.968 

LMA, cm
2
 63.20 62.29 0.601 

SFT, mm 2.60 2.72 0.264 

RT, mm 74.56 77.18 0.086 

YE, % 74.57 74.17 0.126 

QS 3.96 3.96 0.985 

BMS 1.70 1.67 0.840 

BCS 4.07 4.02 0.756 

FNT 3.97 3.92 0.762 

FCS 4.99 4.99 0.969 

CW: carcass weight, LMA: longissimus muscle area, SFT: subcutaneous fat thickness; RT: rib thickness, YE: yield estimate, QS: quality 

score, BMS: beef marbling score, BCS: beef color standard: FNT: firmness and texture, FCS: fat color standard.  

†AA Genotype steers were excluded from the analysis because they were found in less than 5 percent of the sample population. 

   

 

 

 

 

 

 

 

 

 


