
A genomic breed assignment test for traceability of meat 

of Dual-Purpose Blue

Abstract

Assigning meat to its breed of origin for traceability purposes is not always straightforward if the breed from 

which products are derived is closely related to another one. The objective of this study was to determine if 

a genomic breed assignment test could distinguish meat of Dual-Purpose Blue, a local endangered breed, 

from meat of Beef Belgian Blue, a heavily used breed in the Belgian meat industry which is related to Dual-

Purpose Blue. For this purpose, a genomic breed assignment test based on a panel of 2,005 SNPs and the 

nearest shrunken centroids method was used to classify 32 meat samples from Dual-Purpose Blue (n n  = 

= 16), Beef Belgian Blue (n n = = 8) and Holstein (n n = = 8) into their breed of origin. From this SNP 

panel, 167 SNPs allowed to detect meat of Dual-Purpose Blue and 173 SNPs allowed to detect meat of 

Beef Belgian Blue. The genomic breed assignment test correctly allocated all the meat samples to their 

breed of origin with a probability of one. Therefore, the use of the genomic breed assignment test in routine 

as one step of the certification process of Dual-Purpose Blue meat seemed possible.

1 Introduction

For the last years, consumers have paid more and more attention to what they consume, the origin of their food and 

how it is produced, searching for healthy and environmentally-friendly food conform to animal health and well-being. 
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The demand for local food with low ecological footprint has increased to meet these new needs. Meanwhile, the 

importance of the transparency of the food production and of the traceability of food products from farm to fork have 

been emphasized by policymakers, e.g. in the European Regulation N° 178/2002. Traceability of food does not only 

target the individual identification or the place of production but can also focus on the breed used for production (Dalvit 

et al., 2007).

When labelled breed derived-products are set up to maintain an endangered breed, the consumer trust is the key for the 

viability of the products on the market. To gain this trust, the applied certification process must be reliable and precise. 

However, assigning the product to its breed of origin is not always straightforward if the local breed from which 

labelled products are derived is closely related to a mainstream breed.

Using markers to determine the breed of origin of individual animals has been widely studied in the literature for pigs 

(e.g., Schiavo et al., 2019), sheep (e.g., Baumung et al., 2006), horses (e.g., Putnová and Štohl, 2019) and especially 

cattle (e.g., Hulsegge et al., 2013). A lot of different methodologies have been proposed for selection of markers as, 

e.g., using F
st

 values (e.g., Wilkinson et al., 2011), absolute allele frequencies differences, called Delta (e.g., He et al., 

2018) or a principal component analysis combined (e.g., Bertolini et al., 2015) or not (e.g.,Wilkinson et al., 2011) with 

another method of selection of SNPs. Different methods have also been proposed for breed assignment as five nearest 

neighbours classification (Iquebal et al., 2014) or regression based on partial least squares (Funkhouser et al., 2017). 

Recently, Wilmot et al. (2022) compared different methodologies for selection of SNPs combined with different breed 

assignment methods to determine which model would be the most appropriate for differentiating 12 reference breeds. In 

the specific case of meat traceability, different strategies have also been tested to determine the breed of origin. For 

example, to differentiate Hereford and Angus meat, Judge et al. (2017) elaborated two SNP panels of 300 SNPs each. 

These SNPs were selected based on an Index method combining Delta statistic and pairwise F
st

 values. Then, they 

estimate breed proportion with the help of ADMIXTURE program (Alexander et al., 2009). Another option is to use 

the markers related to the KIT gene to detect variability related to colour patterns as Funkhouser et al. (2017) did for pig 

breeds. However, this is not a feasible option when one or more colour patterns are shared with a related breed.

The objective of this study was therefore to test the ability of a genomic breed assignment model to distinguish meat of 

two closely related breeds sharing the same colour patterns: the endangered Dual-Purpose Blue (DPB) breed and the 

Beef Belgian Blue (BBB) breed. Meat samples of Holstein (HOL) animals were used as a “benchmark” of the study.

2 Material and methods

R v.4.1.2 (R Core Team, 2021) and R Studio (R Studio Team, 2020) programs were used for computations.

2.1 Breeds

This study focused on the DPB, a local dual-purpose breed located in southern Belgium and north-east of France, 

across the border of these two countries. In the DPB breed, a partially recessive mutation of an allele “mh” (Charlier et 

al., 1995), leading to muscular hypertrophy, is co-existing with the wild type of this allele “+”. This means that, 

according to the breeding goal of the breeder, a disparity is found in the DPB population regarding this allele. In farms 

with a more meat orientated-breeding goal (this case is most likely to be encountered in Belgium), most “mh/mh” DPB 

animals are found. On the other hand, in the case of a more dairy-orientated breeding goal (as most French Breeders), 

breeders are raising mostly “+/+” DPB animals whereas the heterozygous “mh/+” genotype can be found in both types 

of farms. Moreover, breeders can also raise animals from the three muscular types in the same farm (Mota et al., 2017).

However, the DPB breed is closely related to BBB. This latter breed is mainly raised in Belgium, even if it is 

internationally used as a terminal sire because of its muscular properties. The DPB and BBB breeds are derived from a 

previously called Mid and Upper Belgium breed but diverged during the seventies because of different breeding goals. 

While the DPB has kept the old type of the breed, the BBB has been selected for superior meat properties, leading to 

the fixation of the “mh/mh” genotype in this breed (Mota et al., 2017). Because the Belgian market was really 

demanding for lean meat, the DPB breed was left aside for several decades and has now an endangered breed status (

Colinet, 2010).

At the end of the last century, agro-environmental measures were settled in Wallonia and DPB breeders were eligible to 

subsidies if their animals were registered to the herd book and their cows milk recorded (Colinet, 2010). Following 



these first measures, different projects were launched to preserve the DPB breed. The last one, the BlueSter project 

[Instruction: I do not succeed to update the reference at the end of the document. The year should be 2022. Thanks.](

BlueSter, 2021BlueSter, 2022), particularly targeted the development of labelled DPB derived-products like meat. In 

this context, the traceability of DPB meat products is crucial. It is of main importance to ensure the consumers they are 

effectively buying meat from this breed and not from the relatively close BBB.

2.2 Genotyping of meat samples

The EuroG MD v2 (Illumina, San Diego, CA, USA) was used for genotyping 32 meat samples. The samples were 

coming from three breeds: the BBB (n n = = 8), the DPB (n n = = 16) and the HOL (n n = = 8). Fattening of BBB 

animals was done at the same place but they were coming from four different farms with the following distribution: one 

animal from Farm 1, four animals from Farm 2, two animals from Farm 3 and one animal from Farm 4. The 

transboundary diversity of the DPB breed was considered as an equal number of French and Belgian animals (n n  = 

= 8 animals from each country) were slaughtered. Moreover, Belgian animals were all carrying the “mh/mh” genotype. 

On the other hand, the French breeder provided “mh/+” and “+/+” animals. Therefore, the genotypic diversity of DPB 

regarding the muscular hypertrophy was also accounted for. The HOL samples were used as a “benchmark” for the 

study and animals from this breed were coming from different farms. For samples with missing values, a PCA-related 

procedure (Josse and Husson, 2012) was used to impute unknown genotypes, as in Wilmot et al. (2022).

2.3 Breed assignment model

To assign each of the 32 meat samples to their breed of origin, the second best breed assignment model described in 

Wilmot et al. (2022) was chosen. This model had the advantage of using less SNPs than the best model described in the 

study of Wilmot et al. (2022) while having a very similar performance of breed assignment. In summary, the chosen 

model used a panel of 2005 SNPs to allow to differentiate twelve reference breeds from each other. Among the 

reference breeds, 60 DPB, 60 BBB and 120 HOL were used as reference animals. The SNPs to be contained in the 

panel were selected using the partial least squares-discriminant analysis (PLS-DA). The PLS-DA built a model for each 

of the twelve reference breeds and SNPs having coefficients exceeding a certain threshold for at least one of the breeds 

were selected to be part of the panel. It therefore happened that some selected SNPs were in common between several 

breeds (i.e., that SNPs dedicated to differentiate one breed can overlap with SNPs dedicated to differentiate another 

breed). The classification of animals to their breed of origin was then based on the nearest shrunken centroids method (

Tibshirani et al., 2002). This method can be seen as a corrected version of the classical nearest centroid method where 

the probability of an animal to belong to a breed was based on the distance of its genotype to overall and shrunken class 

centroids. The highest probability was used as the criterion to assign each sample to the breed they were supposed to 

belong to. This allowed to build a confusion matrix to compare the known breed of origin and the breed predicted by 

the model.

3 Results

From the used SNP panel, 160 SNPs allowed to exclusively detect DPB animals, 166 SNPs allowed to exclusively 

detect BBB animals and seven additional SNPs, in common between both breeds, allowed to distinguish both breeds 

from other reference breeds. These seven SNPs at the overlap were also used to differentiate DPB meat from BBB 

meat because these SNPs segregate between reference animals of both breeds as shown in Table 1. This was a better 

than expected result because of the genetic proximity between DPB and BBB.

alt-text: Table 1

Table 1

Allelic frequencies of B allele in reference Beef Belgian Blue (BBB, n  = 60) and Dual-Purpose Blue (DPB, n  = 60) for overlapped 

SNPs that allow to discriminate both BBB and DPB from other reference breeds.

SNP Allelic frequencies of 

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely 

purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.



Table 2 shows the confusion matrix of the breed assignment test for meat samples. The specificity and the sensitivity of 

the test were equal to one, meaning that the breed of origin of all meat pieces was correctly detected by the test. 

Moreover, all samples were assigned with a probability of one, which is the maximum probability.

4 Discussion and conclusion

This study focused on the ability of a breed assignment test to differentiate meat of DPB, a local transboundary breed, 

from the meat of BBB, a genetically related beef breed. Results showed the high accuracy of this test as the breed of 

origin of all meat pieces was perfectly determined. Even for DPB meat pieces corresponding to the “mh/mh” genotype 

that is shared with the BBB breed, the probability of belonging to the predicted breed reached the maximum value of 

one. This result was better than those obtained by Dalvit et al. (2008) where only 52.5% of the tested individuals were 

correctly breed-assigned with a probability of at least 90%. However, they were using microsatellites and not SNPs in 

their study. Another example of a study that targeted the differentiation of meat products of closely related breeds is 

provided by Kuehn et al. (2011) who used a regression of allelic frequencies of 16 breeds to determine breed 

composition of animals. In their study, the distinction between Angus and Red-Angus samples was not straightforward 

and both breeds were pooled together to increase the accuracy of the model. However, Angus and Red-Angus started 

to be recorded in different herd books in the 1950s (Márquez et al., 2010), that is about two decades before the 

divergence of DPB and BBB. Moreover, there is a clear distinction concerning the colour pattern of Angus and Red-

Angus while black-pied, blue roan and white animals exist in both DPB and BBB. It should be highlighted that the 

results obtained by Kuehn et al. (2011) may not only be related to the used methodology but also to the fact that 

breeding goals of Angus and Red Angus have been similar (as they are both beef breeds) whereas DPB and BBB have 

had divergent breeding goals since their separation.

B allele

BBB DPB

[Instruction: For any of the element of the column SNP, there should be no comma in the number because 

it is a SNP name. Thanks.]BTA-47,105

0.417 0.892

BTA-110,789 0.492 0.892

BTB-01,089,169 0.517 0.058

BTA-85,612 0.442 0.875

ARS-BFGL-NGS-85,952 0.075 0.433

ARS-BFGL-NGS-33,483 0.375 0.058

ARS-BFGL-NGS-22,284 0.492 0.875

alt-text: Table 2

Table 2

Confusion matrix of the breed assignment test for 32 meat pieces.

Predicted breed Breed of origin

Beef Belgian Blue Dual-Purpose Blue Holstein

Beef Belgian Blue 8 0 0

Dual-Purpose Blue 0 16 0

Holstein 0 0 8

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely 

purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.



As explained previously, in our study, 167 SNPs out of 2005 SNPs were used by the developed model to distinguish 

the DPB from other reference breeds, and especially from the closely related BBB breed. The fact that the SNP panel 

used was specifically fitted to differentiate both breeds partially explained the high accuracy obtained with our model. 

However, as illustrated by the different allelic frequencies for the seven SNPs that were used to discriminate both DPB 

and BBB, the divergence of both breeds and of their breeding goals for more than 50 years has also led to an 

accumulation of phenotypic and genetic differences between DPB and BBB, and this, even for the “mh/mh” 

subpopulation of DPB. For example, figures of milk production of DPB animals support the fact that the “mh/mh” 

genotype and dairy performances are not mutually exclusive (Colinet, 2010). Actually, there is only a difference of 

1000 litres of milk yield between cows with “+/+” genotypes, producing on average 5000 litres/year, and cows with 

“mh/mh” genotypes, producing on average 4000 litres/year (BlueSter, 2021BlueSter, 2022). Another example is the 

frequency of caesarean sections which was demonstrated to occur heavily for calving of BBB, while it was less 

common for calving of DPB (Mota et al., 2017). The rationale is that, even for “mh/mh” carrying animals, DPB 

breeders have been selecting for lighter calves and easier calving.

Even if the high probabilities obtained in this study were an important aspect to focus on, it should not be forgotten that 

the used model is not able to detect breeds that did not fall under the scope of study (Maudet et al., 2002). Other 

elements, namely pedigree, herd book records and visual appraisal of an animal's phenotype on farm, will ensure that 

the animal is belonging to one of the Blue breeds: DPB or BBB. Then, these elements will be combined with the 

genomic breed assignment test, aiming to distinguish DPB from BBB breeds, to ensure the consumer that the meat is 

really drawn from DPB. This was possible with a high accuracy, as shown by the results. Therefore, it seems feasible 

to implement a certification process of DPB meat based on the developed breed assignment test.

Even if the number of SNPs dedicated to differentiate the DPB meat samples is lower than the number of SNPs 

recommended by Judge et al. (2017) (i.e., 167 vs. 300), it is thought that the number of SNPs can decrease even more 

when the selection of SNPs is based on a high-density chip (Hulsegge et al., 2013). However, tThe use of high-density 

chip is currently still limited, especially for local breeds, even ifbut the cost decrease of high-density genotyping would 

presuppose it would be feasible in the next decade. However, the proposed test model is reliable and adapted to the 

closely related breeds under study. It is easy to use and to interpret thanks to a confusion matrix. It can be easily adapted 

to other breeds and it is recommended for further research considering the same topic to use the PLS-DA for selection 

of SNPs and the nearest shrunken centroids method to assign meat samples to their breed.
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Highlights

• A genomic breed assignment model was tested on meat of the dual-purpose blue breed.

• Meat of dual-purpose blue was perfectly assigned to its breed of origin.

• It means that this breed could be distinguished from the related beef belgian blue.

• Traceability of meat of dual-purpose blue by using this tool seems feasible.
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