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Introduction: In addition to focusing on the improvement of economic traits through genetic
advancements, it is essential to maintain genetic diversity within populations. This diversity is crucial
for adapting to environmental and economic changes in the future, as well as for ensuring an effective
response to the selection of traits (Barker, 2001). Genetic diversity serves as a foundational element
of future breeding programs, encompassing genetic differences among individuals, families, or
populations. Single nucleotide polymorphism (SNP) markers indicate mutations at a single base in
the genome and are widely used in livestock populations. They help investigate genetic diversity
among breeds, ascertain the purity of livestock products, identify the locations of genes associated
with significant economic traits, and estimate breeding values (Yang et al., 2013). Various methods
are employed to estimate inbreeding coefficients, including those based on the genomic relationship
matrix (Ferm), homozygosity (Fuom), and homozygosity blocks (Fron). In studies of genetic
diversity, linkage disequilibrium (LD) reflects the non-random association of alleles at different
genetic locations. Tracking changes in linkage disequilibrium serves as an indicator of selection
changes over time (De Roos et al., 2008). Additionally, identifying linkage disequilibrium or
haplotype blocks aids in the design of association studies and the detection of genetic diversity in
quantitative traits (Khatkar et al., 2007). A key statistic for assessing genetic diversity is the effective
population size (Ne), which represents the number of individuals in an ideal population that
influences gene frequency changes in future generations (Gutiérrez et al., 2009). Ne is a crucial
parameter in population genetics due to its direct relationship with inbreeding and the decline of
genetic diversity within the population. Overall, understanding the genetic diversity of existing
populations is vital for effective selection and the implementation of breeding programs at breeding
stations. Therefore, the purpose of this research is to investigate genetic diversity and estimate
inbreeding in various dairy and meat cattle breeds using molecular markers. This will involve
estimating the genomic inbreeding coefficient, examining linkage disequilibrium, and determining
effective population size.

Material and methods: This study utilized genomic information from 16 cattle breeds, categorized
into four groups: Dairy Breeds: Holstein, Brown Swiss, Jersey, and Guernsey. American Beef Cattle
Breeds: Angus, Beef Master, Brahman, and Santa. European Beef Cattle Breeds: Hereford,
Limousine, Charolais, and Ramangoula. Beef Cattle Breeds from Other Regions: Gir, Dama, Nellore,
and Piedmontese. Blood samples from all the dairy and beef cattle breeds were genotyped using a
700k SNP chip. The genomic data was extracted from the Widde database. Quality control of the
genotype data was performed using Plink v1.9 (Purcell et al., 2007). Principal component analysis
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(PCA), based on a genomic relationship matrix, was conducted to provide a general overview of the
genetic structure of the breeds using R v.3.6.2. PCA was also employed to identify and remove
samples from each genetic group. In this study, inbreeding coefficients FGrm, From, and Fron were
estimated using Plink v.1.9 (Purcell et al., 2007) within the R environment v.3.6.2. Additionally, to
assess genetic diversity, linkage disequilibrium (LD) and effective population size (Ne) statistics were
estimated using Plink v.1.9 (Purcell et al., 2007) and SnePv1.1 (Barbato et al., 2015).

Results and discussion: The results for observed and expected heterozygosity, along with the
minimum allele frequency crucial parameters for assessing genetic diversity indicated the highest
genetic diversity in the Beef Master and Santa breeds, while the Dama and Tellor breeds exhibited
the lowest genetic diversity. The frequency of Fgrm across various American, European, and other
meat breeds showed that the genetic diversity among the studied breeds was relatively similar,
suggesting adequate genetic diversity within these populations. The Piedmontese breed had the
highest level of diversity, whereas the Angus and Hereford breeds had the lowest. The distribution
and frequency of the calculated Fyom were largely consistent with the patterns observed from Fgrum.
The results indicated that the genetic diversity in dairy breeds, particularly in the Jersey breed, was
lower than that in meat breeds, with the Piedmontese breed showing the highest genetic diversity in
this context. Additionally, European meat breeds exhibited greater genetic diversity compared to
other meat breeds. The inbreeding estimates derived from the Fron method were higher than those
from the other two methods. Notably, the Jersey and Hereford breeds presented the highest frequency
of estimated Fron, while the Piedmontese and Dama breeds showed the lowest. The results from
linkage disequilibrium (LD) analysis demonstrated that as the distance between markers increased,
the LD values decreased across all studied populations. Furthermore, LD was found to be higher in
dairy breeds compared to meat breeds, indicating greater selection pressure and reduced genetic
diversity in dairy cattle. According to the LD results, the Brahman breed exhibited the highest genetic
diversity, while the Guernsey breed had the lowest. The current study also revealed that the effective
population size (Ne) in dairy breeds was lower than in meat breeds in recent generations, with similar
reduction patterns observed among meat breeds. Among meat breeds, Piedmontese and Limousine
had the highest Ne, while the Beef Master breed had the lowest. In the dairy category, the Holstein
showed the highest Ne, and the Brown Swiss the lowest. Overall, this study suggests that genetic
diversity is greater in meat breeds than in dairy breeds. This finding highlights the significant
selection intensity in dairy populations aimed at enhancing milk production. It is essential to design
appropriate breeding programs to improve genetic diversity in livestock, particularly in dairy species,
to safeguard against increasing inbreeding and the potential decline of productive traits.
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Table 1- The number of animals in dairy and beef
cattle breeds

Breed Number | Breed Number
Holstein 60 Limousin 50
Brown swiss 22 Herford 35
Guerensey 21 Ramangoula 21
Jersey 38 Pietmntese 21
Angus 42 N’Dama 23
Beefmaster 23 Nelor 27
Brahaman 46 Gir 21
Santa Gurtrudis 32 Charolis 37
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Figure 1- Clustering of dairy and beef cattle based on principal component analysis (PCA) using molecular
markers. Dairy breeds (Holstein (HOL), Brown Swiss (BSW), Jersey (JER) and Guernsey (GNS)), American beef
(Angus (ANG), Beef Master (BMA), Brahman (BRM) and Santa (SGT)) European beef (Hereford (HFD),
Limousine (LMS), Charolais (CHL) and Ramangola (RMG)) and beef breeds (Gir (GIR), N-Dama (NDA), Nellore

(NEL) and Piedmonts (PMT))
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Table 2- The average of observed and expected heterozygosity and minor allelic frequency in dairy and

beef cattle breeds

Group Breed O.Het! average E.Het? average MAF®  average
Dairy cattle breeds Holstein 0.359 0.362 0.287

Brown Swiss 0.324 0.332 0.279

Guernsey 0.361 0.362 0.283

Jersey 0.378 0.355 0.369 0.356 0.269 0.279
American beef breeds Angus 0.351 0.350 0.288

Beef master 0.430 0.431 0.370

Brahaman 0.366 0.361 0.293

Santa Gurtrudis 0.421 0.392 0.419 0.390 0.393 0.336
European beef breeds Limousine 0.345 0.356 0.284

Herford 0.407 0.376 0.305

Ramangoula 0.361 0.362 0.282

Piedmonts 0.367 0.370 0.371 0.366 0.292 0.291
Other beef breeds N-Dama 0.280 0.282 0.221

Nellore 0.293 0.292 0.234

Gir 0.310 0.308 0.243

Charolais 0.385 0.317 0.384 0.317 0.285 0.246

O. Het': Observed heterozygosity, E. Het’: Expected heterozygosity, MAF?* :Minor allele frequency
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Figure 2- Inbreeding coefficients using Fcrv statistics for dairy and beef cattle breeds. Dairy breeds (Holstein
(HOL), Brown Swiss (BSW), Jersey (JER) and Guernsey (GNS)), American beef (Angus (ANG), Beef Master
(BMA), Brahman (BRM) and Santa (SGT)) European beef (Hereford (HFD), Limousin (LMS), Charolais (CHL)
and Ramangoula (RMG)) and beef breeds (Gir (GIR), N-Dama (NDA), Nellore (NEL) and Piedmonts (PMT))
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Figure 5- Linkage disequilibrium calculated by the r?> method between pairs of adjacent SNPs at different distances
between t dairy and beef cattle breeds. Dairy breeds (Holstein (HOL), Brown Swiss (BSW), Jersey (JER) and
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