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Abstract. We have analyzed the distribution of alleles and genotypes of three polymorphic variants: rs11385942 of the 

LZTFL1 gene, rs657152 of the AB0 gene, and rs2109069 of the DPP9 gene previously associated with COVID-19 in a 

sample of 80 presumably healthy individuals of the Permsky Bashkirs from the Permsky region of Russia, 48 represent-

atives of the Burzyan region and 47 representatives of the Arkhangelsky district of the Republic of Bashkortostan of 

Russia.   No statistically significant differences were shown between the Burzyan Bashkirs and the populations of South-

ern Siberia in the rs11385942 LZTFL1 locus, in contrast to the subpopulations of the Permsky and Arkhangelsky Bash-

kirs. We also revealed statistically significant differences in the frequency of the minor allele, the rs11385942 LZTFL1 

and rs657152 loci of the ABO gene between Burzyan Bashkirs and a mixed sample of Komi and Udmurts. In turn, the 

subpopulations of the Permsky and Arkhangelsky Bashkirs in the rs657152 locus of the ABO gene were statistically 

significantly different from the Tatars. 
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Introduction 

The study of how gene variants are distrib-

uted in the population, particularly those that af-

fect the course and the development of infec-

tious diseases, COVID-19 included, is an ex-

tremely relevant research field worldwide,  pre-

dicting which regions host populations that may 

experience complications after a certain  illness 

and a generally severe course of illness more 

frequently can ensure timely distribution of 

equipment for patients, the supply of correct 

amount of medicines and implementation of ad-

equate preventive measures to minimize cata-

strophic consequences. In recent years, a large 

number of scientific publications have focused 

on certain aspects of the development of 

COVID-19. Many of those works have been de-

voted to the study of polymorphic variants of 

genes associated with the severe course of the 

disease. One of the first major studies was the 

work of Ellenhaus et al., where based on a sam-

ple of 1980 patients from Italy and Spain a ge-

nome-wide association study (GWAS) was 

conducted and an association of severe course 

of COVID-19, defined as respiratory failure, 

with a multigene cluster on chromosome 3 

(3p21.31) was revealed (Ellenhaus et al., 2020). 

The 3p21.31 locus is ~50 kb long and includes 

6 genes (SLC6A20, LZTFL1, CCR9, FYCO1, 

CXCR6, and XCR1); it was presumably ob-

tained by humans from Neanderthals (Zeberg & 

Pääbo, 2020). Meta-analysis data allows us to 

isolate the LZTFL1 gene (rs11385942), actively 

expressed in human lung cells (Ellenhaus et al., 

2020). For the first time, the frequency of the 

COVID-risk allele (GA) rs11385942 was 

shown to be ~1.5 times higher among ventilated 

hospitalized patients than among those who re-
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ceived only supplemental oxygen (Ellenhaus et 

al., 2020). An association of rs657152 of the 

9q34.2 locus of the AB0 gene with COVID-19 

was also confirmed, and it was shown that the 

risky blood group is - blood type A, while 0 is 

protective (Ellenhaus et al., 2020; Wu et al., 

2021; Zhao et al., 2021). The significance of the 

LZTFL1 gene in the pathogenesis of COVID-19 

has been confirmed in a number of studies 

based on genome-wide analysis (GWAS) (An-

gulo-Aguado et al., 2022; Cruz et al., 2022; 

Downes et al., 2021). When studying the popu-

lation of China, no such association with the lo-

cus 3p21.31 and rs11385942 of the LZTFL1 

gene was found, which the authors attribute to 

the fact that the risk allele identified for Euro-

pean populations is not typical for populations 

of East Asia (Wu et al., 2021). 

Even though the role of the AB0 gene has 

been questioned, and a number of studies 

demonstrating no association with the severe 

course of COVID-19, there is numerous evi-

dence proving the significance of AB0 gene 

(Dzik et al., 2020; Latz et al., 2020), in particu-

lar in the study of patients and control groups 

from Japan, the association of severe COVID-

19 with AB blood group was revealed (Nam-

koong et al., 2022). 

Another variant involved in the pathogenesis 

of COVID-19is rs2109069 of the dipeptidyl 

peptidase 9 (DPP9) gene (Pairo-Castineira et 

al., 2021). This locus has previously been 

shown to be associated with idiopathic pulmo-

nary fibrosis (Wu et al., 2021). DPP9 encodes 

serine protease that performs a variety of intra-

cellular functions, including break down of the 

key antiviral signaling mediator CXCL10 

(Zhang et al., 2015), and plays a key role in the 

activation of inflammation processes (Griswold 

et al., 2019). 

Despite the fact that the study of the distri-

bution of polymorphic variants of genes associ-

ated with the severe course of COVID-19 is be-

ing carried out worldwide, data on such distri-

bution in populations and subpopulations of 

Russia are very limited. To date, a major article 

is published by Balanovsky et al. (Balanovsky 

et al., 2021) that includes data on the distribu-

tion of alleles of the rs11385942 variants of the 

LZTFL1 gene and rs657152 of the AB0 gene in 

Russian populations. However, in the paper, 

many ethnic groups were mixed together as part 

of a general sample, for example, the Chuvash 

and Mari or the Udmurts and Komi, while the 

actual subethnic groups were not studied at all. 

The study considers a general sample of Bash-

kirs, however, territorial subpopulations that 

have significant differences in the genetic struc-

ture (Trofimova, 2015), were not considered. 

The Bashkirs are a Turkic-speaking ethnic 

group living mainly in the South Urals. Accord-

ing to the 2020 census, its population is approx-

imately 1 million people 572 thousand people 

(All-Russian population census, 2020). The 

ethnonym «kort» has so far raised controversy 

in scientific circles. So, V.N. Tatishchev be-

lieves that it means «the main wolf» - «Bash-

kurt», in connection with the wolf that brought 

missionaries preaching Islam to the Ural Moun-

tains to enlighten the ancestors of the Bashkirs 

who at the time practiced paganism (Tat-

ishchev, 1962). Kuzeev supports the Turkic 

origin of the ethnonym and also associates the 

self-name of the Bashkirs with five wolves 

(«bish» – «kurt» – wolf; or «boz» – gray, «kurt» 

– wolf), taking into account the special rever-

ance of the Bashkirs, and in general the attitude 

of all the Turk peoples, to the wolf. So, in the 

southeastern regions of Bashkiria, a legend is 

widespread that the Bashkirs came to the Urals 

from the lower reaches of the Syr Darya, from 

Altai, following the wolf that showed them the 

way (Kuzeev, 1974). Most of the Bashkirs live 

within the administrative territories of the Re-

public – Bashkortostan. Our study involved  

2 samples from the territory of Bashkortostan, 

namely the Bashkirs from the Burzyansky dis-

trict and the Bashkirs from the Arkhangelsky 

district. Previously, significant genetic differ-

ences were identified in uniparental markers, 

mtDNA, it was found that in the subpopulation 

of the Burzyan Bashkirs, the East Eurasian 

component is 44.2%, and in the subpopulation 

of the Arkhangelsky Bashkirs, 25.1% (Tro-

fimova, 2015). The location of this subpopula-

tion is also important, if the Burzyan district be-

longs to the southeastern part of the republic, 

the Arkhangelsky is centrally located. Another 
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extremely interesting subpopulation of the 

Bashkirs is the Permsky Bashkirs, who also oc-

cupy an important place in their gene pool of 

East Eurasian mtDNA lines – 52.2% (Tro-

fimova, 2015). The endonym of the Permsky 

Bashkirs of Russia corresponds to the ethno-

nym of one of the most ancient Bashkir tribes - 

«Gaynitsy». The language of the Permsky 

Bashkirs in terms of vocabulary and phonetic 

features belongs to the Gayn dialect of the 

northwestern Bashkir language (Mirzhanova, 

2006). Since ancient times, agriculture has been 

the basis of the economy of this group of Bash-

kirs, as well as cattle breeding, hunting, fishing 

and gathering (Yusupov et al., 2009). Anthro-

pologically there are 2 types prevalent among 

the Bashkir-Gaynians: Pontic (dark-pigmented 

of southern origin), more typical for men; and 

Ural (with variants), more common for women 

(Yusupov, 1987; Yusupov, 1991; Yusupov, 

2002; Yusupov, 2006; Yusupov et al., 2009). 

According to historical legends, the ancestors 

of the Gaynians moved to the basin of the Tulva 

river in the pre-Mongolian period, from the 

«Minzelin side», and were «natives of the Bul-

gars» and their clan begins «from the genera-

tion of Tarkhans» (Nebolsin, 1852). 

In our work, we present a study of the Perm-

sky, Burzyan and Arkhangelsky Bashkirs sub-

populations, which will significantly comple-

ment the available data on such a fascinating 
ethnic group, from the point of view of genetics 

and anthropology, as the Bashkirs. 

 

Materials and Methods 

The study included 80 presumably healthy 

individuals of the Permsky subpopulation of 

Bashkirs from the Permsky region of the Rus-

sian Federation, 48 representatives of the 

Burzyan region and 47 representatives of the 

Arkhangelsky district of the Republic of Bash-

kortostan. Sampling was carried out in accord-

ance with the ethical standards of the Bioethics 

Committee, developed by the WMA Declara-

tion of Helsinki – «Ethical Principles for the 

Conduct of Medical Research Involving Hu-

man Subjects». All subjects filled out a ques-

tionnaire taking into account their ethnicity up 

to three generations, year of birth. All respond-

ents signed an informed voluntary consent to 

participate in the study. The work was approved 

by the Local Ethics Committee of the Institute 

of Biochemistry and Genetics of the UFRC 

RAS (protocol No. 19 of November 25, 2021). 

The DNA was extracted from peripheral 

blood samples using phenol-chloroform 

(Mathew, 1984). Vacutainer® tubes were used 

to collect, transport, and store the blood sam-

ples using 0.5 M EDTA solution as a preserva-

tive. After drawing the sample each tube was 

shaken and stored at 4 °C. Genotyping was car-

ried out by determining single nucleotide poly-

morphisms using the KASP (Kompetitive Al-

lele Specific PCR) method. The KASP geno-

typing method is based on competitive allele-

specific PCR and makes it possible to deter-

mine both single nucleotide and insertion-dele-

tion polymorphisms in both alleles. A mixture 

of SNP-specific primers and a 2-fold reaction 

mixture universal for genotyping (mastermix) 

were added to the DNA sample, then a poly-

merase chain reaction was performed, followed 

by endpoint fluorescence reading on a BioRad 

CFX96 TouchTM Real-Time PCR Detection 

Systems instrument. For RFLP genotyping, 

specific primers were selected for rs1 1385942 

of the LZTFL1 gene (F-5'-AAGCACAG-

TCACAGCACATCAGAT-3', R 5'-AGCAC-

CACCTTCTCAGAGTTTTCT-3'). The inci-

dence of allele variants in given population 

were calculated based on observed genotype 

frequencies. The correspondence of the geno-

type frequencies to the Hardy – Weinberg equi-

librium was assessed using Pearson's χ2 test (at 

p > 0.05). The significance of differences in al-

lele frequencies in the sample was calculated by 

the χ2 test using the Yates correction for conti-

nuity. 

 

Results 

In our work, we studied the distribution of 

alleles and genotypes of three polymorphic var-

iants rs11385942 of the LZTFL1 gene, 

rs657152 of the AB0 gene, and rs2109069 of the 

DPP9 gene previously associated with severe 

COVID-19. For all studied loci, the distribution 

of genotype frequencies corresponded to the 

Hardy–Weinberg equilibrium (Tables 1, 2, 3). 



 
Table 1 

 
Distribution of the rs11385942 genotypes of the LZTFL1 Permsky, Burzyan and Arkhangelsky Bashkirs subpopulations  

of the Russian Federation 
 

Population N 

G/G G/GA GA/GA 
Minor allele 

frequency(95% CI) 
χ2 

Deviations 

from HWE, 

р 

Observed 

(N) 

Expected 

(N) 
% 

Observed 

(N) 

Expected 

(N) 
% 

Observed 

(N) 

Expected 

(N) 
% 

Permsky Bashkirs 80 63 63.9 78.75 17 15.2 21.25 0 0.9 0 10.63 (6.31-16.47) 1.131 0.29 

Burzyan Bashkirs 48 41 41.3 85.42 7 6.5 14.58 0 0.3 0 7.29 (2.98-14.45) 0.297 0.58 

Arkhangelsky 

Вashkirs 
47 37 36.6 78.72 9 9.7 19.15 1 0.6 2,13 11.70 (5.99-19.97) 0.253 0.61 

 
 

Table 2 
 

Distribution of the rs657152 genotypes of the ABO Permsky, Burzyan and Arkhangelsky Bashkirs subpopulations  
of the Russian Federation 

 

Population N 

С/С С/A A/A 
Minor allele frequency 

(95% CI) 
χ2 

Deviations 

from HWE, 

р 

Observed 

(N) 

Expected 

(N) 
% 

Observed 

(N) 

Expected 

(N) 
% 

Observed 

(N) 

Expected 

(N) 
% 

Permsky Bashkirs 80 26 26.5 32.50 40 39.1 50 14 14.5 17.50 42.50 (34.73-50.55) 0.042 0.84 

Burzyan Bashkirs 48 11 10.5 22.9 23 23.9 47.9 14 13.5 29.2 53.13 (42.66-63.39) 0.069 0.79 

Arkhangelsky 

Вashkirs 
47 17 15.5 36.17 20 23 42.55 10 8.5 21.28 42.55 (32.41-53.18) 0.790 0.37 

 
 
 
 
 
 
 
 
 



  

 
Table 3 

 
Distribution of the rs2109069 genotypes of the DPP9 Permsky, Burzyan and Arkhangelsky Bashkirs subpopulations  

of the Russian Federation 
 

Population N 

G/G G/A A/A 
Minor allele frequency 

(95% CI) 
χ2 

Deviations  

from HWE, 

р 

Observed 

(N) 

Expected 

(N) 
% 

Observed 

(N) 

Expected 

(N) 
% 

Observed 

(N) 

Expected 

(N) 
% 

Permsky Bashkirs 80 45 4.1 56.25 34 27.9 42.50 1 48.1 1.25 22.50 (16.28-29.76) 3.824 0.05 

Burzyan Bashkirs 48 35 34.2 72.92 11 12.7 22.92 2 1.2 4.17 15.63 (9.02-24.46) 0.822 0.36 

Arkhangelsky 

Вashkirs 
47 29 28.3 61.70 15 16.3 31.91 3 2.3 6.38 22.34 (14.39-32.10) 0.303 0.58 
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We carried out the pairwise comparisons of the 

allele frequencies of all studied variants of the 

Permsky and Arkhangelsky Bashkirs subpopu-

lations with data on the distribution of alleles in 

some other world populations, previously pub-

lished in the academic literature, as well as from 

The1000 Genomes project (Supplementary ta-

bles 1, 2) (The 1000 Genomes Project Consor-

tium, 2012).  

Based on the distribution of alleles of the 

rs11385942 variant of the LZTFL1 gene, which 

is associated with the severe course of COVID-

19 and shows the strongest relationship based 

on a number of studies (Angulo-Aguado et al., 

2022; Cruz et al., 2022; Downes et al., 2021; 

Ellenhaus et al., 2020; Wu et al., 2021; Zhao et 

al., 2021) we found statistically significant dif-

ferences in the distribution of alleles with the 

populations of Altaians, Siberian Tatars, Mon-

gols, Japanese, mixed samples of Africans; Na-

tive Americans; southern India; Tuvans and 

Tofalars; Buryats, Khaminigans and Yakuts; 

Chukchi, Koryaks and Itelmens; Nanais, Uli-

ches, Nivkhs and Evens; Khanty, Mansi and 

Nenets; Uzbeks, Turkmens and Kirghiz. It 

should be noted that we recorded differences in 

the distribution of alleles only with the popula-

tions of East Asia, Africa, and America. Differ-

ences with the populations of the Volga-Ural 

region and the Caucasus were not identified, 

and no statistically significant differences were 

found with the general sample of the Bashkirs, 

previously published in the article by Bala-

novsky et al. (Balanovsky et al., 2021).  It 

should be noted that the picture changes when 

a similar analysis is carried out for the Burzyan 

Bashkirs, who traditionally live in the eastern 

range of the population. Unlike the Permsky 

and Arkhangelsky Bashkirs, there are no statis-

tically significant differences with the popula-

tions of Altaians, Tuvans, Tofalars, Buryats, 

Yakuts, and, on the contrary, there is a statisti-

cal difference with the population of Ukrainians 

(Table 1, Supplementary table 1). 

In the study of the rs657152 locus of the AB0 

gene, the differences in allele frequencies be-

tween the studied subpopulation of Permsky 

and Arkhangelsky Bashkirs and the populations 

of the world were found to be much less signif-

icant, we recorded statistically significant dif-

ferences in the distribution of alleles of the 

Permsky and Arkhangelsky  Bashkirs with the 

populations of Tatars, Mongols, a mixed sam-

ple of the Western Caucasus, populations of 

Anatolia and the Levant and Native Americans 

(Table 2, Supplementary table 2). In turn, the 

Burzyan Bashkirs showed a much more com-

plex picture with statistically significant differ-

ences from the Finno-Ugric populations of 

Komi, Udmurts, Karelians and Veps, Khanty 

and Mansi, Samoyed Nenets, Turkic and Mon-

golian populations of Yakuts, Tuvans, Tofalars, 

Buryats, Khamingans, mixed Caucasian sam-

ple, as well as some European populations. 

The study of the distribution of alleles of the 

rs657152 variant of the DPP9 gene revealed 

statistically significant differences between the 

subpopulation of Permsky Bashkirs and the 

populations of South America (Peruvians), East 

Asia (Japanese, Han and Dai Chinese), and Eu-

ropeans (Finns, British, and Spaniards) (Ta-

ble 3, Supplementary table 3) 

 

Discussion 

Our data on the distribution of alleles and 

genotypes showed that statistically significant 

differences in the distribution of the minor al-

lele rs11385942 of the LZTFL1 gene in the sub-

population of Permsky and Arkhangelsky 

Bashkirs are present with the populations of 

Asia, Africa and America (Supplementary table 

1). At the same time, there is no difference be-

tween the Burzyan Bashkirs and the popula-

tions of Siberia. Of particular interest in such a 

difference in the distribution of the GA risk al-

lele in various subpopulations of the Bashkirs 

can be observed both in connection with the 

wide area of residence and in connection with 

the different genetic background of different 

subethnic groups of the Bashkirs. Of particular 

interest are the differences in the distribution of 

the risk allele GA with Asian populations, 

since, according to one hypothesis, the origin of 

the Bashkirs is from South Siberia (Yanguzin et 

al., 2007) moreover after bioinformatic pro-

cessing of genome-wide analysis data, using the 

ADMIXTURE method, it was shown that the 

Bashkirs typically have the largest Siberian and 
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East Asian component in their genetic compo-

sition among all the populations of the VUR 

(Yunusbayev et al., 2015). This suggests that 

the distribution of alleles of the rs11385942 

variant of the LZTFL1 gene is consistent with 

data from European populations, for which a 

strong association of this variant with the severe 

course of COVID-19 was shown. 

When studying the rs657152 variant of the 

AB0 gene, we showed that the strongest differ-

ences in the distribution of alleles were rec-

orded between all studied subpopulations of the 

Bashkirs and Native Americans, in whose gene 

pool one of the alleles was completely absent. 

Also, interestingly, statistically significant dif-

ferences are reported between the subpopula-

tions of Permsky and Arkhangelsky Bashkirs 

and the population of Tatars (p = 0.005) (Sup-

plementary table 2), belonging to the Kipchak 

group of Turkic languages common with the 

Bashkirs and living in close proximity. How-

ever, the easternmost subpopulation of the 

Burzyan Bashkirs does not show such a differ-

ence (p = 0.587). We also found statistically 

significant differences the subpopulations of 

Permsky and Arkhangelsky Bashkirs with the 

populations of the Western Caucasus, Mongo-

lia, and the Middle East, but none were found 

with the populations of Africa, Europe, and 

East Asia (with the exception of the Mongols). 

In turn, the Burzyan Bashkirs showed a much 

more complex picture with statistically signifi-

cant differences from various Finno-Ugric, 

Turkic and Caucasian populations. 

When studying the variant rs2109069 of the 

DPP9 gene, we found that the risk allele A oc-

curs with a frequency of 22.2% and the risk 

genotype AA with a frequency of 1.3%. With a 

slightly lower frequency of the genotype 

(22.3%), but a higher frequency of the A allele 

(6.38%) in the subpopulation of the Arkhan-

gelsky Bashkirs and with a frequency of the AA 

genotype of 15.6% and the A allele of 4.17% in 

the subpopulation of the Burzyan Bashkirs. It 

should be noted that the highest rates are ob-

served in European populations, where the fre-

quency of allele A is more than 30%, particu-

larly in the Spanish population (32.7%), a 

mixed sample from Britain and Scotland 

(35.2%) and the population of Finns (36.4%). 

We found that the all studied subpopulations in 

this paper in terms of the distribution of alleles 

is statistically significantly different from the 

listed European populations. We also demon-

strated differences in the distribution of alleles 

between the studied subpopulation of Permsky 

and Arkhangelsky Bashkirs and the populations 

of East Asia: Chinese Dai in Xishuandbanna, 

Han Chinese in Bejing, and Japanese in Tokyo, 

which also confirms the differences between 

the populations of the VUR and East Asia. No 

statistically significant differences with the in-

digenous populations of Africa were found. 

Thus, it was found that the lowest frequency 

of risk alleles of the rs11385942 LZTFL1 and 

rs2109069 DPP9 variants was found in the sub-

population of Burzyan Bashkirs, 7.3% and 

15.6%, respectively, while the highest fre-

quency was observed for the rs657152 locus of 

the ABO gene in this subpopulation – 53.1%. 

Statistically significant differences between the 

studied subpopulations were not identified. 

However, statistically significant differences 

were shown with other populations included in 

the study. Thus, it was shown that there were no 

statistically significant differences between the 

Burzyan Bashkirs and the populations of South-

ern Siberia at the rs11385942 LZTFL1 locus, in 

contrast to the subpopulations of the Permsky 

and Arkhangelsky Bashkirs. 

The significance of polymorphic variants in 

the pathogenesis of COVID-19, the distribution 

of which was studied in this work, was con-

firmed in a number of genome-wide studies 

(GWAS) and meta-analyses (Dzik et al., 2020, 

Ellenhaus et al., 2020, Downes et al., 2021 , 

Pairo-Castineira et al., 2021, Wu et al., 2021; 

Zhao et al., 2021; Latz et al., 2020, Angulo-

Aguado et al., 2022; Cruz et al., 2022; Nam-

koong et al., 2022). The study of the distribu-

tion of their risk alleles in different populations 

can contribute to early diagnosis and more ac-

curate prediction of the risks associated with the 

severe course of the disease. Also, it can be as-

sumed that such a distribution of alleles affects 

not only the risk of severe COVID-19, but also 

the effectiveness of treatment and, conse-

quently, the survival of patients. 
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Supplementary table 1 

 

Frequencies of the minor allele rs11385942 LZTFL1 gene in the studied samples of Permsky,  

Burzyan and Arkhangelsky Bashkirs peoples, as well as in some subpopulation of the world 

 

Population N 
Minor allele 

frequency% 
Permsky 

Bashkirs 
Burzyan 
Bashkirs 

Arkhangelsky 

Bashkirs 

Permsky Bashkirs 80 10.5  0.506 0.954 

Burzyan Bashkirs 48 7.3 0.506  0.429 

Arkhangelsky Вashkirs 47 11.7 0.954 0.429  
Russians, northernmost 1 140 6 0.125   
Ukrainians 1 158 16 0.137 0.044 0.373 
Komi and Udmurts 1 168 15 0.169 0.077 0.540 
Chuvash and Mari 1 106 10 0.957 0.599 0.786 
Mordovians 1 80 5 0.096 0.630 0.087 
Tatars 1 104 8 0.295 0.098 0.532 
Bashkirs 1 86 12 0.779 0.292 0.940 
Karelians and Veps 1 118 14 0.405 0.130 0.711 
Altaians 1 154 4 0.008 0.273 0.009 
Tuvinians and Tofalars 1 110 4 0.022 0.360 0.023 
Buryats, Khamnigans and Yakuts 1 114 4 0.017 0.323 0.018 
Chukchi, Koryaks and Itelmens 1 134 1 0.00002 0.005 0.00002 
Far East (Nanais. Ulchi. Nivkh. Evens) 1 168 2 0.00009 0.027 0.0001 
Khanty, Mansi and Nenets 1 106 2 0.0007 0.042 0.0007 
Siberian Tatars 1 136 2 0.0001 0.024 0.0002 
West Caucasus 1 174 11 0.957 0.394 0.977 
East Caucasus (Dagestan) 1 158 11 0.995 0.378 0.986 
Central Caucasus 128 5 0.053 0.589 0.053 
Transcaucasia (South Caucasus) 1 154 14 0.380 0.120 0.697 
Khalkha Mongols 1 98 1 0.0002 0.011 0.0001 
Uzbeks, Turkmens and Kyrgyz 1 160 4 0.009 0.305 0.011 
Tajiks, Pamiris and Yaghnobis 1 144 15 0.255 0.080 0.542 
South Indians 1 96 22 0.008 0.003 0.055 
Pakistanis 1 336 15 0.151 0.059 0.484 
Italians 1 88 13 0.602 0.211 0.897 
Finns 2 99 10.1 0.990 0.571 0.832 
North Europeans 1 66 9 0.811 0.808 0.677 
Central Europeans 1 90 11 0.975 0.421 0.957 
Anatolian and Levant populations 1 114 11 0.952 0.419 0.997 
Ethiopians 1 38 8 0.670 0.887 0.571 
Africa 2 661 5.3 0.011 0.548 0.018 
Native Americans from South America 1 58 0 0.0008 0.008 0.0004 
Japanese 1 56 0 0.001 0.010 0,0005 

 

Note: Bold indicates statistically significant differences (P < 0.05). 1 – (Balanovsky et al., 2021); 2 – (The 

1000 Genomes Project Consortium, 2012) 
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Supplementary table 2 

Frequencies of the minor allele rs657152 AB0 gene in the studied samples of Permsky, 

 Burzyan and Arkhangelsky Bashkirs peoples, as well as in some subpopulation of the world 

Population N 
Minor allele 

frequency% 
Permsky 

Bashkirs 
Burzyan 
Bashkirs 

Arkhangels-
ky Bashkirs 

Permsky Bashkirs 80 42.4 0.128 0.902 

Burzyan Bashkirs 48 53.1 0.128 0.189 

Arkhangelsky Вashkirs 47 42.4 0.902 0.189 

Russians. northernmost 1 140 42 0.942 0.062 0.959 
Ukrainians 1 158 51 0.081 0.797 0.189 
Komi and Udmurts 1 168 40 0.579 0.028 0.728 
Chuvash and Mari 1 106 46 0.474 0.318 0.637 
Mordovians 1 80 38 0.425 0.027 0.573 
Tatars 1 104 57 0.005 0.587 0.025 
Bashkirs 1 86 42 0.906 0.099 0.984 
Karelians and Veps 1 118 36 0.193 0.006 0.327 
Altaians 1 154 48 0.253 0.452 0.350 
Tuvinians and Tofalars 1 110 38 0.396 0.019 0.468 
Buryats, Khamnigans and Yakuts 1 114 42 0.938 0.089 0.960 
Chukchi, Koryaks and Itelmens 1 134 42 0.946 0.083 0.956 
Far East (Nanais, Ulchi, Nivkh, Evens) 1 168 38 0.348 0.012 0.507 
Khanty, Mansi and Nenets 1 106 38 0.403 0.020 0.555 
Siberian Tatars 1 136 41 0.788 0.043 0.911 
West Caucasus 1 174 27 0.0005 0.000003 0.005 
East Caucasus (Dagestan) 1 158 52 0.053 0.925 0.141 
Central Caucasus 128 42 0.950 0.086 0.952 
Transcaucasia (South Caucasus) 1 154 47 0.345 0.358 0.514 
Khalkha Mongols 1 98 32 0.044 0.0009 0.109 
Uzbeks, Turkmens and Kyrgyz 1 160 51 0.081 0.795 0.189 
Tajiks, Pamiris and Yaghnobis 1 144 46 0.496 0.262 0.663 
South Indians 1 96 40 0.649 0.049 0.789 
Pakistanis 1 336 45 0.577 0.163 0.745 
Italians 1 88 35 0.172 0.006 0.293 
Finns 2 5287 47.8 0.181 0.351 0.360 
North Europeans 1 66 39 0.504 0.042 0.650 
Central Europeans 1 90 42 0.959 0.109 0.939 
Anatolian and Levant populations 1 114 54 0.026 0.989 0.082 
Ethiopians 1 38 50 0.279 0.800 0.416 
Africa 2 661 51.5 0.743 0.079 0.883 
Native Americans from South America 1 58 0 0 0 0 
Japanese 1 56 32 0.084 0.003 0.162 

Note: Bold indicates statistically significant differences (P < 0.05). 1 – (Balanovsky et al., 2021); 2 – (The 

1000 Genomes Project Consortium. 2012) 
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Supplementary table 3 

 

Frequencies of the minor allele rs2109069 DPP9 gene in the studied samples of Permsky,  

Burzyan and Arkhangelsky Bashkirs peoples, as well as in some subpopulation of the world 

 

Population N 
Minor allele 

frequency% 

Permsky 

Bashkirs 

Burzyan 
Bashkirs 

Arkhangelsky 

Bashkirs 

Permsky Bashkirs 80 22.5  0.241 0.899 

Burzyan Bashkirs 48 15.6 0.241  0.319 

Arkhangelsky Вashkirs 47 22.3 0.899 0.319  

African Caribbean in Barbados 2 96 16.7 0.213 0.955 0.318 

Esan in Nigeria 2 99 20.2 0.690 0.433 0.790 

Yoruba in Ibadan, Nigeria 2 108 16.2 0.159 0.969 0.258 

Luhya in Webuye, Kenya 2 99 23.7 0.881 0.148 0.908 

Mende in Sierra Leone 2 85 17.6 0.335 0.801 0.446 

Gambian in Western Division, The 

Gambia 2 

113 22.1 0.971 0.239 0.916 

Colombian in Medellin, Colombia 2 94 25.5 0.594 0.080 0.659 

Peruvian in Lima, Peru 2 85 12.9 0.033 0.672 0.070 

Puerto Rican in Puerto Rico 2 104 24 0.825 0.130 0.860 

Chinese Dai in Xishuandbanna, China 2 93 10.8 0.005 0.324 0.016 

Han Chinese in Bejing, China 2 103 13.6 0.037 0.769 0.083 

Southern Han Chinese, China 2 105 18.1 0.358 0.714 0.479 

Japanese in Tokyo, Japan 2 104 12.5 0.016 0.575 0.044 

Kinh in Ho Chi Minh City, Vietnam 2 99 14.6 0.075 0.963 0.143 

Finnish in Finland 2 99 36.4 0.004 0.0004 0.023 

British in England and Scotland 2 91 35.2 0.010 0.001 0.040 

Iberian populations in Spain 2 107 32.7 0.030 0.003 0.089 

Toscani in Italy 2 107 26.6 0.427 0.048 0.512 

Bengali in Bangladesh 2 86 23.3 0.974 0.158 0.986 

Punjabi in Lahore, Pakistan 2 96 18.8 0.462 0.623 0.578 

 

Note: Bold indicates statistically significant differences (P < 0.05). 2 – (The 1000 Genomes Project Con-

sortium, 2012). 




