
ACTA IMEKO 
ISSN: 2221-870X 
December 2023, Volume 12, Number 4, 1 - 4 

 

ACTA IMEKO | www.imeko.org December 2023 | Volume 12 | Number 4 | 1 

The present of Italian Mediterranean buffalo: precision 
breeding based on multi-omics data 

Mayra Gómez Carpio1, Roberta Cimmino1, Dario Rossi1, Gianluigi Zullo1, Giuseppe Campanile2, 
Gianluca Neglia2, Stefano Biffani3 

1 Italian National Association of Buffalo Breeders, St Petrarca 42, 81100 Caserta, Italy  
2 Department of Veterinary Medicine and Animal Production Federico II University, St Federico Delpino 1, 80137 Naples, Italy  
3 National Research Council (CNR), Institute of Agricultural Biology and Biotechnology (IBBA), St Via Alfonso Corti 12, 20133 Milan, Italy  

 

 

Section: RESEARCH PAPER  

Keywords: buffalo; genetic improvement; genotype; phenotype; accuracy 

Citation: Mayra Gómez Carpio, Roberta Cimmino, Dario Rossi, Gianluigi Zullo, Giuseppe Campanile, Gianluca Neglia, Stefano Biffani, The present of Italian 
Mediterranean buffalo: precision breeding based on multi-omics data, Acta IMEKO, vol. 12, no. 4, article 33, December 2023, identifier: IMEKO-ACTA-
12 (2023)-04-33 

Section Editor: Leopoldo Angrisani, Università degli Studi di Napoli Federico II, Naples, Italy  

Received October 11, 2023; In final form November 11, 2023; Published December 2023 

Copyright: This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited. 

Funding: This work was supported by ITALIAN MINISTRY OF AGRICULTURE (MIPAAF – DISR 07) BIG” Prot. N. 0215513 11/05/2021. CUP ANASB: 
J29J21003720005; CUP UNINA: J69J21003020005 and by the Programma di ricerca per la Biosicurezza delle Aziende Bufaline- articolo 4 bis dell’OPCM n. 3634 
del 21/12/2007. 

Corresponding author: Mayra Gómez Carpio, e-mail: m.gomezcarpio@anasb.it  

 

1. INTRODUCTION 

Breeding is a method that brings about enduring and 
progressive enhancements in a breed's performance. In the case 
of buffalo, the progress of genetic selection has been hindered 
by challenges such as limited pedigree data, challenges in data 
collection, or subpar reproductive performance. As a result, the 
potential of buffalo has not been fully exploited. However, the 
Italian Mediterranean Buffalo (IMB) can be considered the only 
breed for this specie in the world with a reliable genetic program 
implemented more than 20 years ago.  

Thanks to the Italian Buffalo Breeders Association (ANASB) 
database, it was possible to select and identify the data needed to 
introduce the genomic selection (GS) in the IMB, aiming to 
enhance the accuracy of breeding value estimation and shorten 
the generation interval [1]. 

With the advancements in molecular quantitative genetics 
techniques, molecular approaches for animal breeding have 
gained increasing importance. These methods (encompassing 
marker-assisted selection [2], genomic selection (GS) [3], and 
genome editing [4], [5]) have become increasingly crucial in the 
field of livestock breeding. 

The constant improvements in sequencing technologies and 
the development of a chip specifically suited for buffalo played a 
huge part in reducing the GS costs [6], allowing us to genotype 
several subjects and perform huge progresses in buffalo 
breeding. Hence, a modern breeding system requires the 
incorporation of data from multi-omics levels [7]. High-
throughput genotyping technologies facilitate precise and swift 
genome-wide genotyping on a large scale. 

The GS method uses genome loci, specifically single 
nucleotide polymorphisms (SNPs), for estimating breeding 
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value. In contrast to conventional breeding techniques like 
BLUP, genomic selection breeding (ssGBLUP) has substantially 
enhanced the precision of breeding value estimation [8]. Among 
other advantages, this approach can effectively enhance traits 
that are difficult to measure or have low heritability. 
Furthermore, it not only shortens the generation interval but also 
reduces reproductive costs by up to 90 % [9]. 

Therefore, the aim of this study is to assess the efficacy of 
genomic models in predicting the genetic value of milk traits in 
the IMB. 

2. METHODOLOGY  

2.1. Data 

Production and pedigree data for the present study were 
provided by the ANASB. The dataset consisted of 743’904 
lactations of 276’451 buffaloes and a pedigree with 308’736 
animals. As far as genotypes are concerned, genomic data of 
animals registered in the Italian Mediterranean Buffalo Herd 
Book are used. Genotyping was conducted utilizing the Axiom™ 
Buffalo Genotyping Array 90k microarray, specifically designed 
for the buffalo species. This chip allows genotyping of 90’000 
points of variation across the animal's genome. After quality 
control and the merging of different versions of arrays, the final 
dataset contained approximately 47’000 SNPs corresponding to 
2’250 animals.  

2.2. Model 

The estimate from the genetic and genomic index was 
performed by applying the official model used for production. 
Breeding values were estimated with BLUP and ssGBLUP 
animal models. Based on the adopted relationship matrix, two 
models were used: 1) the pedigree (BLUP) with the numerator 
relationship matrix (A); 2) the single-step genomic BLUP 
(ssGBLUP) in which A and the genomic relationship matrix (G) 
are shuffled into H, a combined relationship matrix, whose 
inverse (H-1) was built according to Aguilar et al. [10]: 

H−1 = A−1 + [
0 0
0 G−1 − A22

−1] , (1) 

where A−1 and G−1 are the inverses of the pedigree and genomic 

relationship matrices, respectively; A22
−1 is the inverse of the 

pedigree relationship matrix for genotyped animals only.  
The G matrix was created according to VanRaden [11], with the 
following equation: 

G =  
Z D Z

𝑘

′

 , (2) 

where Z is the matrix of centred gene contents, D is a diagonal 
matrix of SNP weights, equal to 1 in ssGBLUP, and k is the 

scaling parameter defined as 2 ∑ 𝑝1 (1 − 𝑝𝑖) where 𝑝𝑖  is the 
allele frequency of the i-th SNP. To avoid singularity, G was 

blended with 5 % of A22 [11]. Therefore, in the ssGBLUP 
model, SNP information is used to construct the G matrix 
among all the genotyped individuals. 

To evaluate the result by two methods, the LR method was 
applied [12]. Breeding value estimation was conducted twice: 
first, when phenotypic data for candidate animals were 
completely (whole dataset), and second, when their phenotypic 
information was cancelled (partial dataset).  
To evaluate the efficacy of the model, the following four statistics 
were computed: 

Dispersion: 

𝑏w,p =  
cov(�̂�w, �̂�p)

var(�̂�p)
 , (3) 

Correlation:  

𝜌w,p =  cor(�̂�w, �̂�p) , (4) 

Accuracy:  

𝑎𝑐�̂� =  √
cov(�̂�w, �̂�p)

(1 − �̅�) �̂�
2
𝑢

 , (5) 

IncPhen [13]:  

𝑖𝑛𝑐phen =  
1

𝜌ûp,ûw

− 1 . (6) 

3. RESULTS AND DISCUSSION 

The results of the precision between BLUP and ssGBLUP for 
the milk trait are reported in Table 1. As expected, the precision 
of the estimate has increased by about 3 % when using genomic 
information.  

The crucial aspect of genetic evaluations lies in their precision, 
as it enables the adequate classification of animals and facilitates 
greater genetic progress. In the realm of genomic selection, 
enhancing precision is achieved through the validation of 
pedigrees and the meticulous implementation of quality control 
measures [14]. ssGBLUP enables the identification of 
inconsistencies within the pedigree and the adjustment of kinship 
relationships between genotyped and non-genotyped individuals. 
This adjustment plays a crucial role in reducing bias when 
calculating breeding values for animals without available 
phenotypic data [15]. On the other hand, with the ssGBLUP, 
inbreeding values are more precise because Mendelian 
segregation is estimated through observed events (SNPs) instead 
of relying on the expected mean probabilities incorporated in the 
pedigree relationship matrix [16]. 

Figure 1 shows how the results move in the expected 
direction, particularly with regard to predictive ability. 

Regarding the comparison between genotyped and non-
genotyped females (Table 2), the same pattern is repeated, the 
estimates of the genetic values are more precise and show less 
bias compared to the BLUP method. A very interesting result is 
the so-called INCPHEN (increase phenotype), which indicates 
when SNPs are considered in the model, the increase attributed 
to phenotypic data is reduced. 

Usually, prioritizing the genotyping of males within a 
population is common practice. However, previous studies have 
confirmed the advantages of also including females [17], [18]. 
This is primarily because females play a significant role in 
breeding programs; they undergo selection processes and 

Table 1. Accuracy statistics for milk production. 

Method Mean Minimum Maximum 

BLUP 0.86 0.24 0.99 

ssGBLUP 0.89 0.31 0.99 
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contribute valuable phenotypic data through their own 
performance and that of their offspring. Additionally, including 
females expands the genotyped population, serving as an 
alternative method to reduce biases and improve precision [19]. 

In selection programs, increasing the volume of data leads to 
more precise estimates. Thus, the utilization of higher-density 
chips tends to increase both precision and additive genetic 
variance [20]. While high-density chips do not capture the 
entirety of genetic variance, they do enhance the precision in 
young animals. 

Regarding the economic component, several factors justify 
the adoption of genomic selection [15]. These include the 
reduction of the generation interval, increased precision in 
breeding value estimation, and the potential for decreased 
collection of phenotypic records. Among the available methods, 
ssGBLUP has emerged as the most approach with significant 
economic implications, poised to replace traditional genetic 
evaluation systems [14]. In addition, ssGBLUP is the most 
efficient alternative to simultaneously adjust information from 
genotyped and non-genotyped animals, especially for breeds 
such as IMB that currently have a low number of genotyped 
animals and genotyping of the whole population will still take 
time. 

4. CONCLUSIONS 

These first results, obtained by inserting the genotypes within 
the calculation of the genetic values, move toward the expected 
direction; in particular, with regard to the greater accuracy and 
predictive capacity. 

In the era of big data, the massive genomic datasets provide 
breeders with abundant resources, enabling more effective 
exploration of the genetic foundations of complex economic 
traits in livestock. This development will empower breeders to 
swiftly and accurately select and breed livestock in alignment 
with their specific breeding objectives. 
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