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Data S1: Genomic SNP-scanning of the Russian White gene pool population for studying its 

structure and developing the genomic selection methodology 
 

Genomic SNP scan 

 

 
Fig. S1-1. A Russian White laying hen. 

The population of Russian White chickens (RW; Fig. S1-1), selected in the 

RRIFAGB gene pool for 25 generations using individual selection, was 

examined using a genome-wide SNP scan to study the genetic features of the 

structure of its population when comparing the modern subpopulation of the 

RW, RWG, with the 2001 RWS ancestral subpopulation (Dementeva et al. 

2017). Despite the high computerization of the process, the final quality of 

the decoding of animal genotypes was different, but within the acceptable 

norm. The quality of sample genotyping exceeded 90%, given the importance 

of preparing genotypic data as a necessary technical step for subsequent 

bioinformatic analysis. In view of the different sexes of the animals in the 

sample, the sex chromosomes were removed in order to prevent distortion 

of the analysis. 

 

Estimating the genetic distances between subpopulations within the same breed is an important part of controlling 

variation within a breed. In particular, three subpopulations of the RW breed were studied. Two subpopulations from 

2001 (RWP, of the ARPRTI, 10 animals; and RWS, of the RRIFAGB, 6 animals) and a modern RRIFAGB subpopulation 

(RWG, 170 animals) were analysed. The greatest genetic distance was found between RWP and RWS. The results are 

presented in Table S1-1 and Fig. S1-2. 

 

Table S1-1. Genetic divergence of pairwise compared subpopulations of the Russian White chicken breed obtained by whole 

genome SNP scanning. 

Subpopulation 1 Subpopulation 2 FST SD Chi squared p-value 

RWG (n=170) RWS (n=6) 0.112 0.003 34.566 0.000148055

RWP (n=10) RWS (n=6) 0.209 0.005 216.678 5.29722e-41

RWP (n=10) RWG (n=170) 0.101 0.001 233.848 1.33943e-44

 

Based on the principal component analysis (PCA; Fig. S1-2), the current RWG subpopulation had a higher variability as 

compared to both the ancestral RWS and the RWP subpopulation and showed an adequate pattern of the distribution 

of the studied animals. Significant differences were found between the RRIFAGB subpopulations (RWG and RWS) and 

the RWP subpopulation (p<0.05). 
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Thus, the population structure was studied and the analysis of the genomic architecture of the RW breed was carried 

out. The practical value of analysis at the level of various subpopulations was to use its results to assess and control 

variability in the breed. As a result, it was found that the greatest difference was observed between the historical RWP 

and RWS bird groups, while the current RWG subpopulation showed higher variability as compared to the ancestral 

RWS subpopulation. The data obtained suggest the intensive development of the current RWG subpopulation and the 

successful breeding process. Variation, being the source of breeding progress, was studied more deeply in the current 

RWG subpopulation. The analysis revealed a clear distribution of animals into four subgroups, and information about 

the belonging of individuals to subgroups will be used in future breeding work. In particular, it was found that a key 

factor in the observed distribution was the use of four main roosters in breeding the animals of the sample. A more 

accurate genomic characterization of the identified groups was carried out by studying the characteristics of the 

groups in terms of the presence and length of regions where LD of SNP markers was observed. The group of maximum 

LD was found to be the RWS historical subpopulation. Despite the common position of the third group of the current 

RWG subpopulation and the ancestral RWS subpopulation on the MDS plot, they differed in the number of 

monomorphic SNPs. Using a linear model, the significance of the effect of group, chromosome, interaction, and SNP 

interval on LD was also assessed. 

 

Methodology of genomic selection 

 

One of the bioinformatic criteria for assessing the genetic characteristics of small populations for planning the 

breeding process, including genomic selection, is the assessment of dynamic changes in the molecular architecture in 

a population over time. The need for this is due to the preservation of the characteristics of the breed. 

 

The second of the criteria is the structure of the breed, which is based in a small population on the presence of related 

similarity and is determined by the presence of SNPs that are in LD. The structural features of the groups are studied 

in terms of the presence and length of regions where LD of SNP markers was observed. The average value of LD, and 

the number of monomorphic and minor alleles in each group is determined. 

 

The calculation of the frequencies of LD occurrence equal to 1 at various distances, especially large ones, between SNP 

markers provides information about the saturation of the population with haploblocks. Based on this, a conclusion is 

made about the accumulation or decay of long LD regions in the population over time. 

 

The third important criterion is the assessment of the level of inbreeding. Using an example of comparing breeds with 

different levels of genetic diversity, one shows the effect of breeding methods on indicators of genetic variability, such 

as FIS and ROH (presence and length of homozygous regions). 

 

The fourth important criterion is the formulation of the tasks of the selection process and the determination of 

solutions. By implementing genomic association analysis, the search for SNPs that are in LD at the localization sites of 

a putative QTL, as well as the study of the localization of homozygous regions, it is possible to determine markers for 

conducting a directed selection process. 

 

The development of the genomic selection methodology (Fig. S1-4), stated as a research goal, was carried out on the 

example of finding solutions when creating a biotechnological line of poultry based on the gene pool RW breed for the 

production of viral vaccines (Kudinov et al. 2019; Dementieva et al. 2020a). Evaluation of the breeding value of the RW 

chicken breed on the basis of productivity is a necessary element for building a breeding program and implementing 

genetic progress in the population. Among modern methods for assessing breeding value, the most promising and 

proven method is the use of genome-wide information to predict breeding value. This method is widely known as a 

genomic prediction method, whereas genomic breeding of chickens is little described in the literature due to the 

limited dissemination of relevant information by large commercial breeding companies. 
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methods described in the literature. In particular, the VanRaden method 1 (VanRaden, 2008) was used to create a 

genomic kinship matrix. It is a combined matrix of kinship and genotypes that makes it possible to successfully use the 

method on small and closed populations. The absence of the need to divide the population into validating and 

validated (or estimating and estimated) leads to a balanced use of all data available for analysis. This eliminates the 

loss of information when a historical animal has phenotypic productivity indicators, but does not have biological 

material for genotyping, and a current young animal is available for genotyping, but does not have productivity 

indicators taken into account. This scheme makes it possible to saturate the young population with data from 

ancestors, while the ancestral part receives potential information about alleles and their frequencies due to the 

current (genotyped) population. The studied population of the RW chicken breed can be divided into the current RWG 

subpopulation and the ancestral RWS subpopulation, genotyped in proportions of 65% and 35%, while the availability 

of data on productivity in genotyped chickens for individual traits will make it possible to assess the transfer of the 

trait more accurately from ancestor to descendant. 

 

Thus, genomic selection of animals and birds is based on the algorithm for making a selection decision using the 

results of genomic prediction. The classical breeding model of a population implies the appearance of individuals of 

average productivity, below and above average, which corresponds to a normal distribution. The classical model of 

population breeding involves the selection of the best individuals (above average) as parents of future generations. A 

distinctive feature of poultry farming is a shortened reproductive (genetic) interval, which allows the use of several 

generations of live chickens with an assessment of breeding value. The greatest potential of genomic selection is the 

selection of individuals for traits that have lower heritability or require additional costs for their measurement. 
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