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Introduction 
Japanese Black cattle (Wagyu) are renowned for exceptional marbling and meat quality but are 

characterized by slower growth rates. In Australia, Japanese Black genetics have been widely 

adopted in premium beef markets, where selection has historically focused on marbling traits 

with limited emphasis on growth performance. The slower growth creates challenges for 

production efficiency, as it increases feeding costs and time to market. Due to this, 

crossbreeding programs incorporating high-growth breeds such as Angus have become more 

common. Genetic evaluation systems in Australia primarily rely on data from 

Fullblood/Purebred Japanese Black populations, raising questions about their effective 

application to crossbred animals. If genetic correlations between Japanese Black and Japanese 

Black × Angus crosses (F1) are high, existing Japanese Black breeding values could be 

confidently used to select sires for crossbreeding programs. Conversely, low correlations would 

indicate reranking of animals and the need for crossbred-specific evaluations. This study aimed 

to estimate breeding values and genetic correlations between Fullblood Japanese Black and 

Japanese Black x Angus cattle for select carcase traits to evaluate the use of Japanese Black 

estimated breeding values in crossbred breeding programs.  

 

Materials & Methods 
Carcase traits were recorded from two breeding programs comprising of 1,276 Fullblood 

Japanese Black cattle (Fullblood) and 914 Angus cross Japanese Black cattle (F1). The traits 

included were Carcase Weight (CARCASE), AUS-MEAT P8 fat (P8), AUS-MEAT Marble 

Score (MARBLE) and Meat Image Japan Digital Marbling percent (DMP; Table 1). Carcase 

traits were reported by the processing facilities following AUS-MEAT standards (AUS-MEAT 

2021), further the Meat Image Japan (MIJ) camera was used to record the digital marbling 

percent (Kuchida et al. 2006). MARBLE is a subjective trait measured on a 0-9 score system 

with 0 being the lowest marbling and 9 being the highest. MIJ camera looks at the red and white 

pixels of the eye muscle area to give a percentage of marbling (white pixels divided by total 

pixels). All Fullblood cattle were imaged using the MIJ camera however only 343 F1 animals 

were imaged (Table 1). Age at slaughter was calculated for all animals, F1 had an average age 

of 769.48 days whereas Fullbloods were older at 1111.19 days (Table 1). 

All cattle were genotyped over multiple years as a results multiple single nucleotide 

polymorphism (SNP) arrays were used. These SNP arrays were the GGPLD30K, Versa50K and 

GGP100K. There were 10,830 SNPs common across all arrays with 2,190 animals, which were 

imputed up to 85,905 SNPs using Minimac4 (Howie et al. 2012). Genotype data was filtered 

to exclude duplicate animals and SNPs with less than 1% minor allele frequency. The 

heterozygosity fraction (Het) was calculated as the proportion of imputed heterozygote SNPs 

for each individual animal.  

 

 

 

 

https://doi.org/10.31274/wcgalp.23639
https://creativecommons.org/licenses/by/4.0/
mailto:maddie.facy@3dgenetics.com.au


2 

 

Table 1. Summary of the carcase traits for the two breeds 

Breed Min Mean Max SD Count 

Carcase Weight (CARCASE) 

F1 314 427.4 524 31.89 914 

Fullblood 274 430.95 618.5 47.89 1276 

AUS-MEAT P8 fat (P8) 

F1 4 24.19 50 8.15 914 

Fullblood 5 17.77 44 7.02 1276 

AUS-MEAT Marble Score (MARBLE) 

F1 3 6.44 9 1.32 914 

Fullblood 2 7.89 9 1.37 1276 

MIJ Digital Marbling percent (DMP) 

F1 10.91 24.5 44.67 5.36 343 

Fullblood 11.36 30.38 60.33 7.36 1276 

Age at Slaughter (days) 

F1 692 769.48 996 51.01 914 

Fullblood 808 1111.19 1536 117.1 1276 

 

Statistical analysis. Genetic parameters were estimated through genetic by environment (GxE) 

univariate models using ASREML-R 4.2 (Butler et al. 2023). The genomic relationship matrix 

was calculated using VanRaden’s first method (VanRaden 2008). Separate residual and additive 

variance components were estimated for the different breed types, allowing genetic correlation 

(rPC) between breed type. rPC is the genetic correlation between the two populations/breed types. 

Best linear unbiased predictions (BLUPs) were estimated for each breed type.  

Sex, dam class, contemporary group and heterozygosity fraction (Het) were included as fixed 

effects. Dam class was split into heifers for 2-year-old cattle, mature for 3 to 10-year-old cattle 

and old for dams older than 10 years. Each breed type had a slightly differently defined 

contemporary group. The F1 population had their contemporary group defined as, feedlot 

number and kill date. Feedlot number and birth date were completely confounded, such as 

animals that were born together went into the feedlot together. The Fullblood population had 

their contemporary group defined as, birth group, 600-day weight management group, kill 

management group and kill date. Birth group was defined as birth year and birth windows which 

was split into early, mid and late birthing windows. Age at slaughter was not included in the 

model as its confounded within contemporary group.  

 

Results & Discussion  
The heritability estimates were consistently lower in the F1 population with larger standard 

errors (SE) compared with the Fullblood population (Table 2). Heritability (SE) estimates for 

F1 and Fullblood respectively were 0.31 (0.07) and 0.63 (0.05) for CARCASE, 0.19 (0.06) and 

0.36 (0.05) for P8, 0.46 (0.08) and 0.51 (0.05) for MARBLE, and 0.60 (0.14) and 0.68 (0.05) 

for DMP (Table 2). The F1 population had a lower heritability likely due to reduced phenotypic 

variance combined with smaller effective sample size. The higher heritability of DMP relative 

to MARBLE reflects the continuous nature of image-based phenotypes, which avoid the ceiling 

effects that can be demonstrated in scoring systems when the trait is at the higher or lower end 

of the scoring system. In high-marbling Wagyu population, MARBLE scores limit the ability 

to partition genetically superior animals and therefore reducing the genetic variance. A marble 

score of 9 is equivalent to a DMP value of 30.49% (Maeda et al. 2014). Therefore, in Wagyu 

MARBLE scores are unable to partition out about 50% of the carcase phenotypes with higher 

marbling as the average for the Fullblood population was 30.38% (Table 1). The high 
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heritability estimates for CARCASE, MARBLE and DMP demonstrate that there is a large 

additive genetic component of those traits, in both Fullblood and F1 facilitating the potential of 

rapid genetic gain through genomic selection. The heritability estimates herein are similar to 

those that have previously been reported (Nakahashi et al. 2012; Reverter et al. 2024).  

The breed type genetic correlations (SE) were the highest for CARCASE at 0.85 (0.16) (Table 

2). All other carcase traits were also high-moderate, 0.60 (0.28) for P8, 0.81 (0.18) for DMP 

and 0.64 (0.18) for MARBLE (Table 2). These higher genetic correlations particularly for 

CARCASE and DMP, indicate that Fullblood evaluations are suitable for selecting sires 

intended for use in F1 breeding programs. The lower genetic correlations between MARBLE 

compared to DMP is consistent with differences in trait definitions and measurement precision. 

The subjective scoring compared to the objective trait introduces additional non-genetic 

variance that reduces between-population covariance. The lower genetic correlation for P8 

wasn’t surprising as Angus and Japanese Black are known to lay down fat differently. Japanese 

Black will lay down intramuscular fat (marbling) without increasing their subcutaneous fat 

(P8), where this phenomenon doesn’t occur in the Angus breed (Wei et al. 2015). This can be 

seen herein, with Angus having an average P8 of 24.19 and Fullbloods having a lower average 

of 17.77 (Table 1). These relationships are not only observed phenotypically but also 

genetically, with Angus cattle generally exhibiting a positive genetic correlation between 

marbling and subcutaneous fat, whereas Japanese Black cattle show a weak to negative genetic 

correlation between these traits, reflecting fundamental differences in fat deposition (MacNeil 

et al., 2010; Rostamzadeh Mahdabi et al., 2023). To the authors knowledge, this study provides 

the first estimates of breed-type genetic correlations between Fullblood and F1 Angus cattle for 

carcase traits. However, there has been a study on Japanese Black x Holstein. Nakahashi et al. 

(2012) reported high correlations for carcase traits including 0.97 for Carcase weight. 0.91 for 

subcutaneous fat thickness and 0.91 for beef marbling standard. Nakahashi et al. (2012) 

estimates are higher than herein with Holstein being a different breed to Angus. However, it 

indicates that Fullblood evaluations are suitable for selecting sires for an F1 breeding program.   

 

Table 2. Heritability and breed type genetic correlation (rPC) estimate for carcase traits with 

Standard errors in brackets 

Trait Fullblood Heritability F1 Heritability rPC 

CARCASE 0.63 (0.05) 0.31 (0.07) 0.85 (0.16) 

P8 0.36 (0.05) 0.19 (0.06) 0.60 (0.28) 

MARBLE 0.51 (0.05) 0.46 (0.08) 0.64 (0.18) 

DMP 0.68 (0.05) 0.60 (0.14) 0.81 (0.18) 

 

The correlations between the BLUPs of the two breed types (environments) for the Fullblood 

animals was high for all traits ranging from 0.92 to 0.99 (Fig. 1). These results are consistent 

with Nakahasi et al. (2012) who reported BLUP correlations from 0.95 to 1.00 for carcase traits. 

The very high correlations between BLUPs across breed types in both studies indicates minimal 

reranking (Fig. 1) of Fullblood animals when evaluated under an F1 breeding program.   

 

Conclusions  
The two breed types of Fullblood and F1 had moderate to high genetic correlation for carcase 

traits, with carcase weight having the highest correlation of 0.85. These findings indicate that 

the genetic architecture influencing these traits is largely shared across breed types, minimizing 

concerns about reranking when applying Fullblood breeding values to Sires used in F1 breeding 

programs. The high correlations between BLUPs for Fullblood animals across breed type (0.92–

0.99) further support the reliability of using current Fullblood evaluations. These preliminary 
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results indicate that for Australian beef producers, the current Japanese Black genomic 

evaluations can be effectively used to predict performance in Japanese Black × Angus crosses. 

 

 
Figure 1. Correlations of the BLUPs between the Fullblood and F1 analysis for the Fullblood 

animals where; a is the CARCASE BLUPs, b is the P8 BLUPs, c is the MARBLE BLUPs and 

d is the DMP BLUPs 
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