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Abstract. By the beginning of the 21st century, the population of pedigree 
dairy cattle in the Sverdlovsk region was represented by the Black Pied 
breed, which was actively improved through the use of Holstein bulls. The 
resulting Holsteinization led to changes in the gene pool of the regional 
population, which this study aims to describe and analyze. Using GGP 
Bovine 150K and Bovine 50K DNA microarrays, we determined the 
genotypes of over 1,000 cows born between 2007 and 2022, belonging to 
nine agricultural enterprises in the Sverdlovsk region. Comparative groups 
included genotypes of Black Pied, Kholmogory, Tagil, Holstein, and Jersey 
breeds. Data analysis employed PCA, fastSTRUCTURE, and genetic 
differentiation assessment (FST). The results revealed that the vast majority 
of cows born in the Sverdlovsk region prior to and including 2014 exhibited 
genetic similarity to the Black Pied breed. Nevertheless, starting in 2015, 
cows born in the region showed greater genetic affinity to the Holstein breed 
than to the Black Pied. Genetic differentiation estimates (FST) between cows 
born after 2015 and Holstein bulls indicate the completion of the transition 
to the Holstein breed, driven by crossbreeding strategies. These findings 
propose a reference framework for breed identification in Black Pied versus 
Holstein cattle. A hypothesis linking herd gene pool characteristics to 
average milk yield per dairy cow was tested. Principal coordinate analysis 
based on the full set of genetic markers did not confirm this hypothesis. The 
observed differences in dairy productivity are likely attributable to 
environmental factors or genetic variations in specific genomic regions. 

1 Introduction 
The history of dairy cattle breeding in the Middle Urals dates back more than 200 years, and 
its main stages are shown in Figure 1. Initially, bulls of the Kholmogory and Yaroslavl breeds 
were used to improve unproductive native cattle, as a result of which a local breed was 
formed, called the Tagil breed. The final formation of the Tagil breed occurred by the 
beginning of the 20th century after a short period of breeding "in itself" and using Dutch bulls 
to improve it [1]. In the middle of the 20th century, the Ural type of Black Pied cattle appeared 
on the basis of the Tagil breed, through crossbreeding with East Frisian bulls. In the last 50 
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years, there has been a consistent Holsteinization process by crossing breeding stock with 
Holstein bulls imported from abroad. During this time, a number of Holstein Black Pied cattle 
were formed, a patent was obtained for the Ural type of Black Pied cattle, and a significant 
number of breeding herds in the region were transferred to the Holstein breed [2, 3]. 

 
Fig. 1. The scheme of dairy cattle formation in the Sverdlovsk region. A solid line indicates a direct 
genealogical relationship within the breed, a dotted line indicates crossbreeding, and an arrow on the 
circle indicates the stages of breeding "in itself". 

The current document regulating the procedure for determining the breed of livestock is 
the "Methodological recommendations for conducting a breed inventory of the dairy cattle 
breeding stock" [4]. These recommendations were prepared by a working group of the 
Ministry of Agriculture of the Russian Federation to harmonize with the Decision of the 
Board of the Eurasian Economic Commission dated 08.09.2020 No. 108. According to this 
document, the breed is determined by blood, i.e. by pedigree. This is a simple and affordable 
method, but it has limitations because it does not rely on the results of genotyping individual 
animals. The fulfillment of the requirements of the "Methodological Recommendations" led 
to a simultaneous change in the breed affiliation of a significant number of breeding cattle 
herds in the Sverdlovsk region. Since 2022, many animals previously classified as Black Pied 
have become Holsteins. 

In this paper, the transition "Black Pied – Holstein breed" will be described using 
information about animal genotypes. Previously, a similar study was performed using 
microsatellite markers [5]. It showed a gradual transformation of the gene pool of cattle born 
in 2008-2019 towards similarity with the gene pool of bulls belonging to Uralplemcenter 
JSC. The main limitation in this work is the use of microsatellite loci, their small number and 
diversity require consideration of the gene pool of a group of livestock, but not individual 
animals, which is why this method has a relatively low resolution. 

Today, the technology of SNP chips is widely used for genomic research, considering the 
species-specific single nucleotide polymorphisms (SNP) [6, 7]. SNPs are used in determining 
the phylogeny of a population [8, 9], establishing the origin [10], and determining the genetic 
diversity of a population [11-13]. When conducting population-genetic research, the use of 
SNP chips is a more modern and preferred method. 
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2 Materials and Methods 

2.1 Sample collection and genotyping  

Samples for the study were taken from 9 agricultural organizations in the Sverdlovsk region. 
For genotyping of brood stock, blood was taken from the tail vein into tubes with EDTA, and 
seed material was used for genotyping of Holstein breeding bulls (HOL). A total of 1,115 
full-aged cattle born in 2007-2022 were selected for the study group. Data on the birth years 
of the studied livestock were taken from the SELEX database. 

For some of the samples, DNA was isolated independently using a DNA Extran-1 kit 
(Syntol LLC, Russia) in accordance with the manufacturer's protocol, and some of the blood 
samples were sent to genotyping organizations without DNA isolation. DNA and blood were 
stored and transported at -20°C. 

The genotypes were deciphered in two organizations, namely the Center for the Collective 
Use of Scientific Equipment "Bioresources and Bioengineering of Farm Animals" on the 
basis of the FSBSI FRC for Animal Breeding n.a. L.K. Ernst and Miratorg LLC using GGP 
DNA biochips Bovine 150K (Neogen, USA) – 204 samples and Bovine 50K – 396 (Illumina, 
USA). In the same organizations, DNA was isolated from the blood, if necessary. The 
genotyping data of 515 heads of cattle in the Sverdlovsk region were obtained from [14, 15]. 
In addition, 24 samples of Black Pied (BP), 39 of Kholmogory (KHLM) and 19 of Tagil 
breeds were selected from open sources [16, 17]. The Jersey (JER) samples were used as an 
external group [18]. The genotypes of cattle were combined using the PLINK v1.9 software 
(option --merge) [19]. 

2.2 Population structure assessment over time 

In the combined database containing the genotypes of all analyzed animals, 
duplicate/identical twins, ancestor-descendant and first-degree relatives were identified and 
deleted using the KING software [20]. The data was then filtered in PLINK v1.9 with the 
following options --geno 0.01, --indep-pairwise 50 5 0.5, --maf 0.05, --hwe 0.000001, and --
mind 0.1. As a result, 688 samples (heads) and 8057 SNPs were available for the analysis of 
the population structure, the total frequency of genotyping was 1. The principal component 
method was performed using the --pca function in PLINK v1.9, and the results were 
visualized in the R-project [21] using the ggplot package [22]. Clustering of samples based 
on PCA results was performed using the k-means method, the fviz_nbclust() function and 
method = 'wss' factoextra v1.0.7 package [23]. The assessment of genetic homogeneity was 
carried out using the fastSTRUCTURE program, in which the value of K chooseK was 
determined [24], and the results were visualized by pong [25]. A total of 10 calculations of 
genetic uniformity with specified seed values 100, 1293, 8432, 3212, 7543, 9345, 1010, 1593, 
8472, and 8212 were performed. The genetic differentiation of FST was evaluated in 
ipADMIXTURE using the ipADMIXTURE() function and admixRatioThs=0.3 [26]. 

2.3 Assessment of the space-time structure  

The analyzed agricultural organizations of the Sverdlovsk region were divided into groups 
(productivity quartiles) based on data on milk yield per feed cow in the period 2011-2023. 
The genotypes of Black Pied cattle and Holstein bulls were used as external controls. As a 
result of filtering the data according to the procedure described above, 547 samples from 8 
farms and two breed groups were available for analysis, the number of SNPs was 23323, the 
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total frequency of genotyping was >0.97. The PCA process and FST assessment are described 
above. 

3 Results and Discussion 

3.1 Dynamics of cattle genetic structure over time  

At the first stage of the analysis, we examined the genetic similarity of cattle groups, namely 
five different breeds and cows of the Sverdlovsk region, considering the year of their birth 
(Figure 2). The results of the PCA analysis are shown in Figures 2a and 2b. The first, second, 
and third main components account for 7.39% of the total variance. PC1 separates the Jersey, 
Kholmogory, and Holstein breeds well. Jersey cattle, taken as an external comparison group, 
are the most distant from the Black Pied root breeds. According to PC1 and PC2, the breeds 
inside the Black Pied root are arranged in a row: Kholmogory – Tagil – Black Pied –Holstein. 
According to PC1 and PC3, Black Pied cattle and breeding stock of the Sverdlovsk region 
born in 2007-2014 are differentiated from Holstein cattle and cows born in 2015-2022. 

The fastSTRUCTURE analysis showed that the model with K=4 is the most informative. 
The average level of pairwise matching of fastSTRUCTURE results for K=2 is 0.999, K=3 
is 0.984, and K4 is 0.973. The results demonstrate the separation of the Jersey, Holstein, and 
Kholmogory breeds into independent clusters; the remaining groups are of mixed origin 
(Figure 2c). At the same time, in the groups of BP and cows of the Sverdlovsk region from 
2007 to 2014, a component that does not relate to other breeds prevails. The identified 
component decreases from generation to generation of Sverdlovsk cattle and gives way to 
the Holstein admixture. There was also a sharp increase in the "Holstein" component from 
22% to 62% in the period 2014-2015. 
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Fig. 2. Graphic representation of cattle genetic structure in the Sverdlovsk region. The results of the 
PCA analysis are shown on the left, each point corresponds to the average value for the group for PC1 
and PC2 (a), PC1 and PC3 (b). The dots are colored depending on the breed/group. c is a genetic 
admixture analysis showing the proportions of ancestral populations for K=4. Each sample is 
represented by a separate column. KHLM – Kholmogory; TAGIL – Tagil; BP – Black Pied; HOL - 
Holstein; JER – Jersey; numbers from 2007 to 2022 indicate groups of breeding stock in the Sverdlovsk 
region of the corresponding years of birth.  

At the second stage of the analysis, the genotypes of individual heads were examined, the 
results are shown in Table 1 and Figure 3. Based on PCA results, clustering using the k-
means method was performed, the number of clusters (k=4) was determined using PC1, PC2, 
and PC3. According to the clustering results (Table 2), Jersey cattle and the Kholmogory 
breed with Tagil cattle are separated into separate clusters. An individual of one of the farms 
under study was assigned to the Jersey breed cluster. The samples of the local breeding stock 
were grouped into age groups; the starting point for the separation was the revealed increase 
in Holstein admixture in cows, which occurred in 2015. The majority of cows born in the 
period 2007-2014 are in a common cluster with Black Pied cattle, and cows born in 2015 and 
subsequent years with a group of Holstein cattle.  
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Table 1. Distribution of cattle samples by clusters based on the PCA result. 

Breed/ Age group Number of samples in cluster 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 

KHLM 0 32 0 0 
TAGIL 0 12 4 0 
BP 0 2 22 0 
2007-2011 0 2 51 0 
2012-2014 0 1 126 13 
2015-2017 1 0 15 114 
2018-2020 0 0 7 103 
2021-2022 0 0 2 115 
HOL 0 0 1 10 
JER 55 0 0 0 

 

 
Fig. 3. Clusterization of groups of dairy cattle generations in the Sverdlovsk region, relative to breeds, 
using the k-means method of the PCA result. Each point represents the eigenvalues PC1 and PC2 (a), 
PC1 and PC3 (b) for a separate head. The corresponding color indicates the selected clusters. c is the 
determination of the optimal value of k by the silhouette method. KHLM – Kholmogory; TAGIL – 
Tagil; BP – Black Pied; HOL – Holstein; JER – Jersey; SRC – dairy cattle of the Sverdlovsk region 
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To assess the genetic differentiation of breeds and age groups of livestock in the 
Sverdlovsk region, the FST index was calculated (Figure 4). The greatest differentiation 
values were noted between Jersey cattle and a group of cows born in 2021-2022 (FST=0.135), 
as well as Jersey cattle and Holstein bulls (FST=0.136). The pairs KHLM/HOL and 
KHLM/2021-2022 are most distanced within the Black Pied root breeds (FST is 0.081 and 
0.08, respectively). The FST value of the Black Pied breed (BP) and cows of the Sverdlovsk 
region increases from generation to generation from 0.012 to 0.037. In pairs of Holstein bulls 
and generations of Sverdlovsk cattle, on the contrary, FST decreases from 0.029 to 0.003. 
Between different generations of cows in the Sverdlovsk region, the lowest FST value was 
observed in the pair 2015-2017/2018-2020, the highest 0.029, in the pair 2007-2011/2021-
2022.  

 
Fig. 4. Genetic differentiation of breeds and generational groups of dairy cattle. Negative FST values 
are replaced by 0. The color gradient from white to red reflects the FST value. The SE of the estimates 
varies from 0.0004 to 0.0013. 

3.2 The spatial and temporal structure of the population 

To assess the spatial structure, the sample was divided considering agricultural organizations 
and generational groups. In addition to cattle from the Sverdlovsk region, Black Pied cattle 
and Holstein bulls were included in the analysis. Farms were assigned quartiles of 
productivity according to the average milk yield per feed cow in the period from 2011 to 
2023 [27]: Q1 – Farm4, Farm6, Farm9; Q2 – Farm2, Farm3; Q3 – Farm1, Farm7; Q4 – 
Farm5. At the same time, there are significant differences in the average milk yield per cow 
between the quartiles (Figure 5). 
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Fig. 5. Productivity quartiles of average milk yield per cow by year. Pairwise comparisons were 
performed using the exact Wilcoxon criterion, the p-value<0.05 between quartiles, and the correction 
method was the Bonferroni correction. 

Both in the case of the analysis of the entire livestock and in the case of sample division 
by farm, over the course of 15 years, the transformation of the gene pool of livestock from 
the Black Pied breed to the Holstein breed has been noted, Figure 6. At the same time, there 
are no differences in the transformation rate of the gene pool between farms or productivity 
quartiles. 

To avoid deviations in the comparison of groups of different sizes, we used the formation 
of subsamples within each group of 10 samples and the FST estimate for groups of equal size 
in 500 repetitions, the average value and 95% confidence interval for each group are shown 
in Figure 7. The assessment of the genetic fixation index (Figures 8) showed a decrease in 
FST between farms of different quartiles of productivity from 2012 to 2020. So, the higher 
the quartile, the greater the FST relative to the HOL group. Interestingly, the FST scores in the 
latest generation are starting to rise in relation to the past in all the pairs being compared. The 
indices of genetic differentiation of cattle from Sverdlovsk farms for 2021-2022 and Black 
Pied cattle (BP) not only reach the value of FST=0.4 BP/HOL pairs, but exceed it. The genetic 
differentiation between farms is increasing, as well as between farms and Holstein bulls.
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Fig. 7. Mean values (red points) and 95% confidence interval (red lines) FST. Generations are marked 
in the upper-left corner of each graph. 
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Fig. 8. Genetic differentiation of breeds and generational groups of dairy cattle from different farms. 
Negative FST values are replaced by 0. The color gradient from white to red reflects the FST value. The 
SE of the estimates varies between 0.0005–0.0011. 
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4 Conclusion 
The data obtained indicate that in the territory of the Sverdlovsk region, the transformation 
of the gene pool of dairy cattle in the direction of the Black Pied breed – Holstein breed 
occurred in less than 15 years. At the same time, the most "dramatic" change in the gene pool 
took place in 2015. The reasons for this "leap" will be discussed in subsequent papers, but it 
can already be linked to the expansion of the range of suppliers of sperm products to the 
regional market. Thus, all the studied heads born up to 2014 were obtained using bull seed 
of European and domestic breeding from a regional supplier. Whereas, after 2014, two more 
organizations supplying sperm products appeared on the market, mainly distributing the seed 
of American-bred bulls. 

The clustering of PCA coordinates by the k-means method made it possible to divide the 
regional livestock population into two differentiated groups, one of which is close to Black 
Pied cattle, and the other to Holsteins. A similar approach can be used to determine the breed 
of livestock, provided that reference genotypes of other breeds are used. 

According to the results of the analysis of the influence of the factors "farming" and "dairy 
productivity of animals (productivity quartile)" on the genetic structure of livestock in the 
Sverdlovsk region has not been established. The increase in the values of genetic 
differentiation (FST) in the last analyzed generation of cows and the group of Holstein bulls 
may be related to the inclusion in the sample of relatively old bulls born in 2006-2015 (the 
average year of birth is 2012). The high value of FST in the Farm4 Q1/Farm7 Q3 pair in the 
2021-2022 generation can be explained by the fact that in Farm4 the herd consists mainly of 
cows whose fathers are bulls of American breeding, and in Farm7 – European and domestic. 
Previously, the genetic difference between breeding bulls has already been shown on 
microsatellite data [5]. 

Acknowledgment 
The work was supported by the Russian Science Foundation (RSF), grant No. 23-26-00260 
(https://rscf.ru/project/23-26-00260/). 

References 
1. Yu.A. Stolpovsky, S.V. Beketov, E.V. Solodneva, B.M. Absalikov, A.S. Abdelmanova, 

E.A. Gladyr, N.A. Zinovieva, Genetic structure of native Tagil cattle by STR and SNP 
markers, Agricultural biology, 56(6), 1123-1133 (2021). DOI 
10.15389/agrobiology.2021.6.1123rus. 

2. S.L. Gridina, Increasing the genetic potential of Ural Black Pied cattle productivity. 
Abstract of the dissertation for the degree of Doctor of Agricultural Sciences (St. 
Petersburg-Pushkin, 2006) 40. Dissertation of the All-Russian Scientific Research 
Institute of Genetics and Breeding of Farm Animals (SSI VNIIRGZH), 2006. 

3. O.I. Leshonok, I.V. Tkachenko, M.Yu. Sevostyanov, et al., Breeding work with dairy 
cattle in the Ural region in 2022, Ural Federal Agrarian Research Center of the Ural 
Branch of the Russian Academy of Sciences (Yekaterinburg: Raritet LLC, 2023) 120. 
ISBN. 

4. URL: https://www.uralplem.ru/rists/porodnaya-inventarizatsiya/573-metodicheskie-
rekomendatsii-po-provedeniyu-porodnoj-inventarizatsii-plemennogo-pogolovya-
krupnogo-rogatogo-skota-molochnogo-napravleniya-produktivnosti (Accessed 
22.06.2024) 

BIO Web of Conferences 179, 03002 (2025) https://doi.org/10.1051/bioconf/202517903002

IDSISA 2025

12



 

5. M.V. Modorov, I.V. Tkachenko, A.A. Green, M.Yu. Sevostyanov, N.N. Zezin, 
Population genetic structure of Ural Black Pied cattle, Rus J. Genet, 57(4), 453-459 
(2021). DOI 10.1134/S1022795421040104. 

6. S. Wilkinson, P. Wiener, A.L. Archibald, A. Law, R.D. Schnabel, S.D. McKay, J.F. 
Taylor, R. Ogden, Evaluation of approaches for identifying population informative 
markers from high density SNP chips, BMC Genet, 12, 45 (2011). DOI 10.1186/1471-
2156-12-45 

7. S. Dash, A. Singh, A.K. Bhatia, S. Jayakumar, A. Sharma, S. Singh, I. Ganguly, S.P. 
Dixit, Evaluation of Bovine High-Density SNP Genotyping Array in Indigenous Dairy 
Cattle Breeds, Anim Biotechnol., 29(2), 129-135 (2018). DOI 
10.1080/10495398.2017.1329150 

8. R. Negrini, L. Nicoloso, P. Crepaldi, E. Milanesi, L. Colli, F. Chegdani, L. Pariset, S. 
Dunner, H. Leveziel, J.L. Williams, P. Ajmone Marsan, Assessing SNP markers for 
assigning individuals to cattle populations, Anim Genet., 40(1), 18-26 (2009). DOI 
10.1111/j.1365-2052.2008.01800.x 

9. J.E. Decker, S.D. McKay, M.M. Rolf, J. Kim, A. Molina Alcalá, T.S. Sonstegard, O. 
Hanotte, A. Götherström, C.M. Seabury, L. Praharani, M.E. Babar, L. Correia de 
Almeida Regitano, M.A. Yildiz, M.P. Heaton, W.S. Liu, C.Z. Lei, J.M. Reecy, M. Saif-
Ur-Rehman, R.D. Schnabel, J.F. Taylor, Worldwide patterns of ancestry, divergence, 
and admixture in domesticated cattle, PLoS Genet. 10(3), e1004254 (2014). DOI 
10.1371/journal.pgen.1004254 

10. M.P. Heaton, G.P. Harhay, G.L. Bennett, R.T. Stone, W.M. Grosse, E. Casas, J.W. 
Keele, T.P. Smith, C.G. Chitko-McKown, W.W. Laegreid, Selection and use of SNP 
markers for animal identification and paternity analysis in U.S. beef cattle, Mamm 
Genome. 13(5), 272-81 (2022). DOI 10.1007/s00335-001-2146-3 

11. Z. Edea, H. Dadi, S.W. Kim, T. Dessie, T. Lee, H. Kim, J.J. Kim, K.S. Kim, Genetic 
diversity, population structure and relationships in indigenous cattle populations of 
Ethiopia and Korean Hanwoo breeds using SNP markers, Front Genet., 4(35) (2013). 
DOI 10.3389/fgene.2013.00035 

12. S.B. Jemaa, N. Thamri, S. Mnara, E. Rebours, D. Rocha, M. Boussaha, Linkage 
disequilibrium and past effective population size in native Tunisian cattle, Genet Mol 
Biol., 42(1), 52-61 (2019O. DOI 10.1590/1678-4685-GMB-2017-0342 

13. N. Moravčíková, R. Kasarda, Use of High-densitySNP analyses to develop a long-term 
strategy for conventionalpopulations to prevent loss of diversity – review, 
Actafytotechnica et zootechnica, 23(4), 236-240 (2020). DOI 
10.15414/afz.2020.23.04.236-240  

14. A.A. Sermyagin, O.A. Bykova, O.G. Loretz, O.V. Kostyunina, N.A. Zinovieva, 
Assessment of genomic variability of productive traits in animals of Holstein black-and-
white breed based on GWAS analysis and ROH patterns, Agricultural biology, 55(2), 
257-274 (2020). DOI 10.15389/agrobiology.2020.2.257rus. 

15. A.V. Stepanov, O.A. Bykova, O.V. Kostyunina, S.D. Pilnikova, Determination of the 
relationship of SNP genotypes with the content of fatty acids of various spatial 
configurations in cow's milk, Agrarian Bulletin of the Urals, 24(1), 108-118 (2024). DOI 
10.32417/1997-4868-2024-24-01-108-118. 

16. A.A. Yurchenko, H.D. Daetwyler, N. Yudin, R.D. Schnabel, C.J. Vander Jagt, V. 
Soloshenko, B. Lhasaranov, R. Popov, J.F. Taylor, D.M. Larkin, Scans for signatures of 
selection in Russian cattle breed genomes reveal new candidate genes for environmental 

BIO Web of Conferences 179, 03002 (2025) https://doi.org/10.1051/bioconf/202517903002

IDSISA 2025

13



 

adaptation and acclimation, Sci Rep., 8(1), 12984 (2018). DOI 10.1038/s41598-018-
31304-w 

17. A. Yurchenko, N. Yudin, R. Aitnazarov, A. Plyusnina, V. Brukhin, V. Soloshenko, B. 
Lhasaranov, R. Popov, I.A. Paronyan, K.V. Plemyashov, D.M. Larkin, Genome-wide 
genotyping uncovers genetic profiles and history of the Russian cattle breeds, Heredity 
(Edinb). 120(2), 125-137 (2018). DOI 10.1038/s41437-017-0024-3 

18. M. Gautier, D. Laloë, K. Moazami-Goudarzi, Insights into the genetic history of French 
cattle from dense SNP data on 47 worldwide breeds, PLoS One. 5(9), e13038 (2010). 
DOI 10.1371/journal.pone.0013038 

19. C.C. Chang, C.C. Chow, L.C. Tellier, S. Vattikuti, S.M. Purcell, J.J. Lee, Second-
generation PLINK: rising to the challenge of larger and richer datasets, Gigascience, 4, 
7 (2015). DOI 10.1186/s13742-015-0047-8 

20. A. Manichaikul, J.C. Mychaleckyj, S.S. Rich, K. Daly, M. Sale, W.M. Chen, Robust 
relationship inference in genome-wide association studies, Bioinformatics, 15(22), 
2867-2873 (2010). DOI 10.1093/bioinformatics/btq559 

21. R Core Team (2023). R: A Language and Environment for Statistical Computing_. R 
Foundation for Statistical Computing, Vienna, Austria. URL: https://www.R-
project.org/ (Accessed 01.09.2024) 

22. H. Wickham, ggplot2: Elegant Graphics for Data Analysis (Springer-Verlag New York, 
2016). ISBN 978-3-319-24277-4  

23. A. Kassambara, F. Mundt, _factoextra: Extract and Visualize the Results of Multivariate 
Data Analyses_. R package version 1.0.7 (2020) URL: https://CRAN.R-
project.org/package=factoextra (Accessed 30.09.2024) 

24. A. Raj, M. Stephens, J.K. Pritchard, fastSTRUCTURE: Variational Inference of 
Population Structure in Large SNP Data Sets, Genetics, 197(2), 573-589 (2014). DOI 
10.1534/genetics.114.164350 

25. A.A. Behr, K.Z. Liu, G. Liu-Fang, P. Nakka, S. Ramachandran, pong:fast analysis and 
visualization of latent clusters in population genetic data, Bioinformatics, 32(18), 2817-
2823 (2016). DOI 10.1093/bioinformatics/btw327 

26. C. Amornbunchornvej, P. Wangkumhang, S. Tongsima, ipADMIXTURE: R package for 
inferring sub-population clusters based on genetic admixture, Bio Rxiv. (2020). DOI 
10.1101/2020.03.21.001206  

27. URL: https://www.uralplem.ru/rists/itogi-raboty-plemennykh-khozyajstv (Accessed 
05.06.2024) 

BIO Web of Conferences 179, 03002 (2025) https://doi.org/10.1051/bioconf/202517903002

IDSISA 2025

14




