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ABSTRACT 
The aim of the study was to estimate genetic drift and gene flow related to 
population structure and genetic diversity in selected beef cattle. For the evaluation 
of the genetic drift and gene flow among analysed populations, the Bayesian 
Population Structure Analysis and software Treemix were used. The genetic 
analysis included two cattle breeds bred in Slovakia (Charolais and Limousine). In 
addition to the Limousine and Charolais breeds, other beef cattle (Angus N = 90, 
Belgian Blue N = 4, Blonde d'Aquitaine N= 5, Hereford N = 98 and Red Angus N 
= 15) were analysed. The 50k Bead chip was used; the dataset consisted of 34,834 
SNPs. To avoid detection bias, SNPs with high linkage disequilibrium (r2 = 0.05) 
were pruned from the database; the final data set consisted of 296 animals and 
2,539 SNP markers. Our results reflected four modes of gene flow between Angus, 
Red Angus, Charolais, Limousine and Hereford. Analysed breeds were not 
confirmed to influence genetic make-up of Belgian Blue and Blonde d'Aquitaine 
populations. All migration edges reached weight values below 0.2. The only two 
migration edges higher in weight was observed, first between the ancestor of 
Limousine breed into Blond d'Aquitaine, and second among historical ancestor of 
Hereford breed into Red Angus. Our results reflect that the donor population has 
made a significant contribution to the recipient population. 
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INTRODUCTION 
Genetic diversity is an important indicator used in improvement and conservation 
programs both in cattle and in other livestock populations (Hlongwane et al., 
2020). Management of genetic resources in livestock populations is an important 
measure for maintaining the production of animal products (Makanjuola et al., 
2020). Charolais and Limousine are the original French breeds of cattle, whose 
breeding history has 30 years tradition in Slovakia. Both breeds that were imported 
to Slovakia in 1990 (Kadlečík et al., 2016) belong today to the most popular breeds 
for use in utility crossbreeding (Association of Slovak Spotted cattle breeders - 
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Cooperative, 2020). Genetic diversity is an indicator of interest for both breeders 
and population geneticists as its status and level of variability reflect 
developmental processes such as adaptation, selection, gene flow and drift among 
populations (Goszczynski et al., 2014; Bohórquez et al., 2020). Genetic drift 
represents a random change in the allele frequency of an existing gene variant in a 
population as a result of a random sampling of organisms (Masel, 2011; Merilä, 
2014). Gene flow plays a key role in the transfer of genetic diversity among 
populations (Bolnick and Nosil, 2007). Groeneveld et al. (2010) stated that 
different types of markers could be used to evaluate the state of genetic diversity or 
population structure, and in recent years single nucleotide polymorphism (SNP) 
analyses have been used in research. SNP markers are more commonly used in the 
analysis of genetic diversity, represent a more advantageous method due to the 
higher level of resolution when compared to a microsatellite marker (Vargas et al., 
2016).  
The aim of this study was to evaluate population structure and genetic diversity 
based on the estimation of gene flow and genetic drift in beef breeds bred in 
Slovakia. 
 

MATERIAL AND METHODS 
The SNP database consisted of 296 animals from seven cattle breeds, including 
two Slovak populations of Charolais (N= 67) and Limousine (N=17) cattle. The 
other breeds represented publicly available data of Angus (N = 90), Belgian Blue 
(N = 4), Blonde d'Aquitaine (N = 5), Hereford (N = 98) and Red Angus (N = 15) 
cattle. For Charolais and Limousine breeds, genomic DNA was extracted from the 
hair roots and subsequently genotyped in a commercial lab using the International 
Beef and Dairy (IDB) chip. The genotypic data of other breeds (Angus, Belgian 
Blue, Blonde d' Aquitaine, Hereford and Red Angus) were obtained using web-
based data archive (McTavish et al., 2013). Quality control was performed for 
seven beef breeds using the PLINK v1.9 program (Chang et al., 2015), according 
to Kukučková et al. (2017). SNPs that reached higher linkage disequilibrium (LD) 
were pruned out from the database. It has been shown that pruning of SNPs with 
high LD counteracts the effect of the ascertainment bias and consequently makes a 
meaningful comparison between breeds (Kijas et al. 2009). Total of  2,539 SNPs 
remained for further analysis. Population structure among beef populations was 
estimated by Bayesian Population Structure Analysis (BAPS) version 6.0 
(Corander and Tang, 2007). According to Kukučková et al. (2017) were set the 
number of cluster K 7-50 and 1000 simulations from the posterior allele 
frequencies. For recognition of genetic drift and gene flow among populations were 
used the Treemix program (Pickrell and Pritchard, 2012). First, a phylogenetic tree 
of evaluated bovine populations was created, which was based on maximum 
probability, and then migration edges (m = 8) were added to the generated graph 
(Upadhyay et al., 2019). All graphs were visualised using the statistical software R 
(R Core Team, 2014). 
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RESULT AND DISCUSSION 
Based on our results, it is possible to see the occurrence of gene flow between 
populations (Figure 1). Arrows point on the specific populations in the graph, 
expressing the given degree of admixture of individual populations. Tang et al. 
(2009) reported that a typical population, in addition to own primary resources, is 
mostly made up of small portions of gene flow from other populations. The 
observed level of admixture in this study was expressed in the graph as arrows 
between populations, with the corresponding numbers being the result of random 
generation from a uniform distribution (Kukučková et al., 2017). Our results reflect 
four modes of gene flow between Angus (cluster 1), Red Angus (cluster 7), 
Charolais (cluster 4), Limousine (cluster 6) and Hereford (cluster 5). The gene flow 
between the above breeds expressed by the fact that clusters 1, 4, 5, 6 and 7 
separately represent a source of migrants but at the same time accept the flow of 
genes from other populations. The gene pools of Belgian Blue (cluster 2) and 
Blonde d'Aquitaine (cluster 3) were not affected by other breeds under 
consideration, and therefore they did not show four modes of gene flow. Figure 1 
illustrates their contribution into the genomes of Red Angus, Angus, Charollais, 
Limousin and Hereford. 
The Slovak populations of Charolais and Limousine achieved a relatively high 
proportion of genotypes that have sequence signatures from other clusters, which 
indicates extensive migration events between these populations. The inter-clusters 
gene flow ranged from 0.03% to 8.90%. The analysis of gene flow showed that 
only 2% of the Charolais genome was affected by other breeds. The majority of 
genes come from Limousine and Blonde d'Aquitaine cattle, with a contribution of 
0.79% and 0.42%, respectively.  
The Limousine genome showed a higher value of gene flow compared to 
Charolais, where up to 5% of introduced DNA were obtained from other 
populations. The two significant sources of gene flow come from Charolais and 
Blonde d'Aquitaine, with a contribution of 3.50% and 0.82%, respectively.  
Belgian Blue and Blonde d'Aquitaine did not show a significant level of gene flow 
from the other clusters. The Angus had a higher gene flow from the Charolais 
(1.20%) compared to the Limousine (0.43%). Red Angus had the highest gene flow 
from the Angus (8.90%) as expected. On the contrary, Hereford had the main 
source of gene flow from Charolais (1.10%). 
Our results show that the current breeding standard of the Charolais and Limousine 
breeds is the result of historical cooperation in the formation of these breeds. 
According to the results from Figure 1, the Limousine and Charolais breed did not 
participate in the formation of the Blonde d'Aquitaine breed, respectively, indicate 
that its gene pool was the only rarely influenced by other breeds. However, we 
know from history that the Southwestern populations of French cattle, including 
the Limousine, participated in the formation of the Blonde d'Aquitaine breed. 
Ritchie (2009) confirm our results, as there are historical branches between the 
Blonde d'Aquitaine and Charolais. Since can be seen from the results that the 
Blonde d'Aquitaine occurred in Limousine and Charolais clusters as the two major 
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sources of gene flow, we can say that there is an exchange between the given 
populations. We believe that the gene flow for the Blonde d'Aquitaine is less than 
0,18%, and therefore, the program does not display it. Ouchene-Khelifi et al. 
(2018) confirm our opinion when they state that gene flow with a value lower than 
0.01 was not displayed due to pruning to improve the readability of the images. 
 

 
Figure 1. The gene flow graph in evaluated beef populations. (Angus = Cluster 1, 
Belgian Blue = Cluster 2, Blonde d'Aquitaine– Cluster 3, Charolais – Cluster 4, 
Hereford – Cluster 5, Limousine – Cluster 6 and Red Angus – Cluster 7) 
 
Based on our results was created the maximum‐likelihood (ML) phylogenetic 
ancestry graph expressing gene flow edges among populations. The results 
indicated the formation of three groups (Figures 2), but the distribution of the 
individual populations was slightly different compared to Bayesian analysis. Figure 
2. represents the ML tree for seven evaluated beef populations, including migration 
arrows. Migration arrows are coloured according to the weight and the degree of 
admixture estimated among the evaluated breeds. The amount of gene flow 
between populations was expressed using a horizontal axis scale and individual 
horizontal branches. The standard error was stated as 10x the average standard 
error of the covariance matrix of a given sample. All breeds showed relatively long 
branches in the ML graph, except the Charolais, Belgian Blue and Blonde 
d'Aquitaine (Figure 2), indicating that these breeds were carried away similarly as 
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reported by Rochus et al. (2017). It can be seen that the Limousine and Blonde 
d'Aquitaine are more genetically linked and, besides, appeared on the same branch. 
The results point to the fact that the Limousine was involved in the formation of 
Blonde d'Aquitaine and have common historical ancestors. As expected, the Angus 
and Red Angus are more genetically linked together and appeared on the same 
branch as the Hereford breed similarly as reported by Barbato et al. (2020). The 
Charolais breed is separated from other breeds under consideration. 
Figure 2 shows that the Charolais and Blonde d'Aquitaine are genetically linked, 
occurring on the same branch as the Limousine. After the addition of migration 
events, we observed the influence of Limousine on Blonde d'Aquitaine, which 
suggests that introgressive events have historically occurred between these breeds, 
which is consistent with the results of BAPS analysis. When migration events were 
observed, the average migration edges had a weight less than 0.2, the only 
exception being the edge linking the ancestors' Limousine and Blonde d'Aquitaine. 
This migration event reached a value higher than 0.4, indicating that the donor 
population contributes significantly to the recipient population as reported by 
Orozco-ter Wengel et al. (2015). The Charolais had a low weight of the migration 
edge from the Red Angus (0.2) and vice-versa. Our results most likely pointed to a 
historical crossbreeding to create a hybrid of these two breeds (Keane, 2011) with 
high carcass and performance traits (Nelson, 2015). 
 

 
Figure 3. The maximum‐likelihood (ML) tree represented the inferred relationship 

between analysed beef populations (with migrations settings) 
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CONCLUSION 
The current state of modern breeds genomes is the result of lengthy and 
complex processes. With the help of new advanced analyses, it is possible to 
reveal these processes that have been involved in the formation of current 
cattle breeds. Obtained results indicated that the Limousine genome was 
influenced mainly by the Charolais genes and vice-versa. Both applied 
methodologies confirmed the historical contribution of Charolais cattle to 
the genetic make-up of Red Angus. Moreover, the Charolais genome 
showed genetic signatures of crossbreeding with Blonde d'Aquitaine in the 
60s of the 19th century. In general, the results of this study provided 
knowledge about the degree of gene flow and genetic admixture among 
evaluated breeds, mainly due to migration events and crossbreeding during 
grading-up of the particular breeds. Future genome-wide association studies 
involving haplotypes unique for each breed can be a good basis for genomic 
improvement of specific carcass and performance traits. 
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