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Abstract 

The purpose of the study was to consider the distribution of Y-chromosome DNA markers in 

samples from the populations of the three largest megalopolises (Moscow, Saint Petersburg, 

and Novosibirsk) in the Russian Federation, in the context of developing genetic databases. 

The study aimed to compare the frequency profiles of 18 Y-chromosome STRs (Short tandem 

repeats) and the level of genetic differentiation. Based on FST estimates for the distribution of 

these 18 Y-chromosome STRs, the senior generations of Moscow and Novosibirsk were found 

to be similar. Statistically significant differences were detected between the Novosibirsk 

sample and the samples from Saint-Petersburg and from the young generation of Moscow 

(FST = 0.0087, p < 0.05 and FST = 0.0084, p < 0.01, respectively). For probability prediction of Y-

chromosome haplotypes, analysis of 18 STR-haplotypes using Internet-predictor - Whit 

Athey’s Haplogroup Predictor was performed. The distribution of Y-chromosome haplogroups 

in the studied samples from the three megalopolises largely corresponds to the Russian gene 

pool, with the most frequent haplogroups being R1a, R1b, E1b1b1, N, I1, I2, J1, and J2 — 

predominantly R1a. This aligns with the predominance of ethnic Russians within the 
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populations of these large urban centers. Significant differences for two samples representing 

senior generations in two megalopolises were detected by the “Southern origin” haplogroups 

(G2a, G2c, J1, J2, L, O2, O3, Q, R2, and T): 3.4% in Novosibirsk and 11.2% in Moscow (G = 

6.1081, df = 1, p < 0.05). These frequencies are notably higher in the sample from the young 

generation of Moscow (21%) and in the sample from Saint-Petersburg (16%). The observed 

distribution of Y-chromosome DNA markers is consistent with the observed migration 

parameters, reinforcing the conclusion regarding the necessity of developing reference 

databases of Y-chromosome DNA markers specific to each megalopolis, based on both 

molecular studies and genetic-demographic questionnaires. These databases must be subject 

to timely updates to account for the changes in the gene pool, particularly those driven by 

migration. Such an approach is particularly relevant for monitoring the gene pool dynamics of 

populations in megalopolises and ensuring the ongoing applicability of genetic databases. 
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1. Introduction 

Affiliation to a definite haplogroup is determined by the presence of the main substitutions (SNP 

– Single nucleotide polymorphism of Y-chromosome), which are cataloged in haplogroup 

nomenclature [1, 2]. These definitive markers for Y-chromosome haplogroups are localized in the 

Non-Recombinant Region of the Y-chromosome (NRY) and are inherited as a single block. A standard 

method for detecting Y-chromosome haplogroups is based on the definition of SNP markers with 

relatively low mutation rates and the accumulation of mutations in the absence of recombination 

across generations. During the transmission of the Y chromosome across generations, not only does 

a specific SNP profile accumulate, but linked STR-markers — markers with higher mutation rates — 

also accumulate. This provides a theoretical basis for predicting affiliation with a specific haplogroup 

from the STR haplotype of the human Y chromosome. This recent advancement relies on 

sophisticated computational models and large reference databases to predict an individual's 

haplogroup affiliation from their STR profile across various populations [3-9]. 

For comparison of probable detection results or prediction of Y-chromosome haplogroups, 

various predictors were used; overall, good agreement between prediction of haplogroup affiliation 

by STR-haplotype and the direct SNP-detection method was observed [10, 11]. The reliability of Y-

chromosome haplogroup prediction is typically assessed through two main criteria: the estimated 

probability of correct assignment and the concordance of haplogroups predicted across different 

predictors [3, 4, 11]. To minimize the risk of incorrect haplogroup assignment, it is recommended 

to utilize multiple predictors or a sufficiently large number of STR loci [3, 4, 11]. 

Individuals belonging to the same Y-chromosome haplogroup are typically related, either as full 

siblings or as paternally descended descendants of a common male ancestor. These defining SNPs 

are crucial for tracing ancient migration routes and understanding demographic processes, thereby 

contributing significantly to our knowledge of modern human population formation. Simultaneous 
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analysis of variability in STR and SNP markers of Y chromosome is applied for studying of subclade 

differentiation within haplogroup and dating of events related to history of human settlement due 

to rapid mutation rate of STR [12-14]. 

Due to the uniqueness and high informativity of Y-chromosome DNA markers, they are 

successfully used in forensic genetics. Databases, including these markers, are widely developed 

worldwide [15, 16]. The resolution of modern DNA technologies is very high, allowing DNA 

identification and establishing kinship. At present, more detailed analysis of the Y chromosome 

based on sequencing data opens additional possibilities for population studies [17]. The probability 

of a random coincidence of a single genotype by DNA-markers in the test sample with the genotype 

of another resident in the population might be estimated based on the frequency data of 

corresponding DNA-markers in a concrete population. Reference database for application in DNA-

identification might be equivalent to a representative population database, in which informative 

DNA-markers for performing forensic examination are included [18, 19]. Autosomal STR panels [20], 

and also, molecular markers of mtDNA and Y-chromosome are applied [19, 21-23]. 

The study of Y-chromosome haplogroups allows us to analyze the genetic structure of 

populations of mixed origin, which are historically formed as a result of the mixing of different-origin 

population flows [24, 25]. For megalopolises, as populations of mixed type, specific characteristics 

of genetic and demographic processes, including a large population, multi-ethnicity, a high 

percentage of interethnic marriages, intensive migration, territorial subdivision, and population 

reproduction through external migration, are typical [26]. Migration is established as the main 

factor of megalopolis gene pool dynamics [27]. According to the results of the All-Russian census of 

2010, the migration rate for the population of Saint Petersburg was 0.438, for Moscow – 0.418 [28, 

29]. 

Study of molecular markers and haplogroups of the Y chromosome is very informative for 

assessing migration to megalopolises and detecting the impact of various gene flows only of male-

line gene pool of megalopolis populations line [30, 31]. Developing reference forensic databases for 

megalopolises is in high demand both in the social sphere for kinship establishment and in forensics, 

as threats from artificial disasters, terrorist attacks, and crime are growing. The specificity of 

developing reference databases must take into account the structure of megalopolises and 

characteristic genetic-demographic processes that determine the dynamics of their gene pool. 

Earlier, it was shown that the regions of migration attraction of the three megalopolises under 

consideration – Moscow, Novosibirsk, and Saint-Petersburg – with a prevailing Russian population 

differ noticeably, which evidences the necessity of developing megalopolis-specific reference 

databases [28, 29, 32]. It is essential to account for the age distribution of megalopolis residents 

when studying the distribution of DNA markers to develop reference databases, because varying 

migration flows influence different generations. 

The population of Novosibirsk, the third most populous megalopolis of the Russian Federation, 

has previously been characterized in relation to genetic-demographic processes and their 

parameters. For the young generation of the Novosibirsk population, gender differences in intensity 

of migration and its ethno-regional composition were demonstrated [32]. 

The aim of investigation was to study distribution of 18 STR-haplotypes and predicted 

haplogroups of Y-chromosome in the population of Novosibirsk (representing senior generation), 

and to perform comparative analysis with earlier studied samples from senior and young 

generations of Muscovites [30] and inhabitants of Saint - Petersburg [31], for comparison of 
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distribution of these markers of Y-chromosome in the population of megalopolises in Siberia and 

the European part of Russia. 

2. Materials and Methods 

2.1 Characteristics of the Samples Studied 

In 2001-2004 years in the frames of the budget fund of the Novosibirsk Research Institute of 

therapy and prevention – branch of the Institute of Cytology and Genetics of Siberian department 

of the Russian Academy of Sciences, population study of Novosibirsk inhabitants was performed 

based on medical institutions, which included genetic-demographic questionnaire survey and 

collection of blood samples (additional collection of samples was conducted in 2014-2016). For the 

study, men residing in various regions of Novosibirsk were selected (N = 116). Criterium of inclusion 

– healthy inhabitants of Novosibirsk, of male gender, aged over 18 years old, who are non-relatives. 

Average age of men in the sample was 57.1 ± 0.6 years and average year of birth was 1944.9 ± 0.6 

(years of birth: 1934-1958). 

Comparative data from earlier studies of Moscow samples were included [29, 30]. United sample 

from senior generations, which included two samples from the male population of Muscovites: the 

first (N = 73) with an average year of birth 1950.7 ± 2 (1914-1984), and the second (N = 96) with 

average year of birth 1981 ± 0.35 (1956-1989), were studied. Additionally, a sample from the young 

generation, consisting of newborns born in 2017-2018 (N = 400), was investigated. Two samples 

from the senior generations of Moscow included Muscovites born in the Soviet Union before its 

collapse, which caused intensive migration into the megalopolis. Samples were combined because 

earlier, the absence of significant differences in the haplogroup profiles of the Y chromosome was 

demonstrated [30]. Established age parameters from the senior generations provide opportunities 

for studying the gene pool in the male populations of two megalopolises before the modern 

intensive migration from regions of the North Caucasus and Transcaucasia, and subsequent 

migration from countries of Central Asia generated by the collapse of the Soviet Union (1991). The 

sample from the young generation of the Moscow population represents residents born a 

generation after 1991 – the year of the collapse of the Soviet Union and the emergence of intensive 

migration from the North Caucasus and Transcaucasia, and from Central Asia into the population of 

the megalopolis [29, 30]. For comparison, the earlier studied sample from Saint-Petersburg, which 

included residents born before and after 1991 (N = 150), was included [28, 31]. 

2.2 Genetic-Demographic Questionnaire Survey 

For residents of megalopolises, genetic-demographic data were collected by questionnaire 

survey and included data about date and place of birth, ethnic affiliation, and also, analogous data 

for the ancestors in two previous generations. 

2.3 Genotyping by 18 STR of the Y-Chromosome 

Variability of 18 STRs of the Y chromosome was studied. For residents of Novosibirsk, total DNA 

was isolated from peripheral blood lymphocytes using the standard method with phenol-

chloroform extraction and proteinase K [33]. Genotyping of the samples of DNA by 18 STR of Y-

chromosome (DYS389I, DYS389II, DYS390, DYS19, DYS385A, DYS385B, DYS456, DYS437, DYS438, 
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DYS447, DYS448, DYS449, DYS391, DYS392, DYS393, DYS439, DYS635 and DYS576) performed on 

the basis of OOO «Gordiz» (Moscow) by multiplex PCR with fluorescent primers and subsequent 

laser-induced fluorescent detection by means of automatic genetic analyzer («Nanafor 05» 

produced by company «Synthol»). For typing 18 STR of human Y-chromosome, a multiplex set for 

amplification «18 STR of human Y-chromosome» produced by OOO «Gordiz» (Moscow) was used 

[34]. 

2.4 Prediction of Haplogroups of the Y-Chromosome 

For the identified 18 STR-genotypes, prediction of the probability of affiliation to haplogroups of 

the Y chromosome was performed by Internet predictor - Whit Athey’s Haplogroup Predictor [35]. 

In complicated cases, haplogroup prediction was performed using an additional predictor, 

NEVGEN.ORG [36], especially for predicting subhaplogroups of haplogroup N. 

2.5 Statistical Analysis 

Statistical analysis was performed in the software «WinPepi2» [37], «Arlequin 3.5.2.2» [38], 

«GenAlEx 6.5» [39], and «MS Excel». 

2.6 Ethics Statement 

All procedures performed in the study with the participation of people comply with the ethical 

standards of the institutional and/or national committee, as outlined in the Helsinki Declaration in 

1964 and its subsequent changes, or comparable ethical standards. The study is approved by the 

Ethical Committee (protocol № 16 from 26.11.2019) of Novosibirsk Research Institute of Therapy 

and Preventive Medicine (branch of the Institute of Cytology and Genetics, Siberian Department of 

RAS). 

From each participant included in the study, informed agreement was received. Demographic 

data obtained from the questionnaire survey and as a result of the study are stored anonymously. 

3. Results 

3.1 Genetic Differentiation of the Studied Samples by 18 STR Haplotypes 

Genetic differentiation among the samples, as measured by the variability of 18 STRs, was 

estimated using FST. Two samples of the senior generation in Moscow and Novosibirsk were 

considered, and a sample of the young generation in Moscow and a sample from Saint Petersburg 

[30, 31] were used for comparison (Table 1). 
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Table 1 Estimates of genetic differentiation FST* for pairwise comparisons of the studied 

samples from the population of the three megalopolises. 

Pairwise comparisons of samples FST P ± SE 

Moscow (senior generations) – Moscow (young generation)** 0.0035 0.1081 ± 0.0297 

Moscow (senior generations) – Novosibirsk 0.0033 0.4955 ± 0.0412 

Moscow (senior generations) – Saint-Petersburg*** 0.0050 0.1802 ± 0.0.0332 

Moscow (young generation) – Novosibirsk 0.0084 0.0090 ± 0.0091**** 

Moscow (young generation) – Saint-Petersburg 0.0018 0.5676 ± 0.0526 

Novosibirsk – Saint-Petersburg 0.0087 0.0270 ± 0.0139**** 

All samples 0.0019 0.8280 ± 0.0128 

Note. * – FST calculated using the Arlequin 3.0 program (Excoffier and Lischer, 2010); ** – 

previously published data were used [30]. *** – previously published data were used [31]. **** 

– statistically significant differences taking into account the error by thresholds of validity: p < 

0.05 and p < 0.01. 

3.2 Prediction of Y-Chromosome Haplogroups by 18 STR Haplotypes 

Statistically significant differences were found in frequency profiles between the sample from 

Novosibirsk and the young generation of Moscow. No statistically significant differences were found 

between the samples from Novosibirsk and from the sample from the senior generations of Moscow 

by the variability of 18 STR of the Y-chromosome, as well as between the sample from the senior 

generations and the young generation of Moscow. Analysis of RST values between the samples from 

the senior generations from Moscow and from Novosibirsk revealed zero differences. Between the 

sample from Novosibirsk and the young generation of Moscow, RST = 0.005; between the samples 

from the senior and young generations of Moscow, RST = 0.007. 

For probability detection of haplogroups of the Y chromosome, the obtained STR-haplotypes in 

the studied samples were analyzed with Internet-predictor. Over 92% of the samples of inhabitants 

of Novosibirsk are predicted with probability 100%, 6% with probability 99%, 2% with probability 

over 86%. Therefore, the prediction was performed with high reliability. In Novosibirsk, with a 

prevailing Russian population, distribution of haplogroups of the Y chromosome, on the whole, 

corresponds to the Russian gene pool with the most frequent haplogroups R1a, R1b, E1b1b1, N, I1, 

I2, (excluding haplogroups J1 and J2) — predominantly R1a (Table 2) [40]. 
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Table 2 Frequency of haplogroups of the Y chromosome in the population of three 

megalopolises. 

Haplogroup 
Novosibirsk 

Moscow 

(senior generations)** 

Mocow 

(young generation)** 
Saint-Petersburg*** 

N P N P N P N P 

C3* 1 0.009 0   7 0.018 2 0.013 

E1b1b 5 0.043 3 0.018 17 0.043 15 0.100 

G2a* 0   3 0.018 7 0.018 3 0.020 

G2c* 0   0   1 0.003 1 0.007 

H* 0   0   1 0.003 0   

I1 9 0.078 10 0.059 21 0.053 14 0.093 

I2a 0   0   1 0.003 2 0.013 

I2a(xI2a1) 12 0.103 22 0.130 35 0.088 9 0.060 

I2a1 0   0   2 0.005 0   

I2b(xI2b1) 0   0   1 0.003 0   

I2b1 2 0.017 1 0.006 3 0.008 0   

J1* 2 0.017 2 0.012 16 0.040 3 0.020 

J2a* 0   5 0.030 15 0.038 8 0.053 

J2a1b* 1 0.009 2 0.012 3 0.008 1 0.007 

J2ab1 0   0   1 0.003 0   

J2a1bh* 0   1 0.006 0   0   

J2a4(xbh)* 0   0   3 0.008 0   

J2b* 0   0   7 0.018 3 0.020 

J2a1(xJ2a1-bh)* 0   1 0.006 0   0   

L* 0   0   2 0.005 1 0.007 

N 15 0.129 25 0.148 29 0.073 17 0.113 

R1a 63 0.543 79 0.466 181 0.452 62 0.414 

R1b 6 0.052 10 0.059 26 0.065 7 0.047 

R2* 0   0   4 0.010 0   

T* 0   3 0.018 5 0.013 0   

O2* 0   1 0.006 0   0   

O3* 0   0   5 0.013 0   

Q* 0   1 0.006 7 0.018 2 0.013 

Total 116 1.000 169 1.000 400 1.000 150 1.000 

Note. * – “Southern origin” haplogroups; ** – quoted from [30]; *** – quoted from [31]. 

The studied sample of the male population of Novosibirsk is characterized by the practical 

absence in the gene pool of modern gene flows from the Caucasus and Central Asia, which are 

marked in our studies of megalopolises by uncharacteristic haplogroups of the Y chromosome, 

designated as “Southern origin” haplogroups (C3, G2a, G2c, H, J1, J2, L, O2, O3, Q, R2, and T). These 

haplogroups were previously identified in Moscow and Saint-Petersburg with a frequency of 21 and 

16%, respectively [30, 31]. In Novosibirsk, the frequency of these haplogroups (represented by 

haplogroups C3, J1, and J2) is only 3.4%. In Novosibirsk, haplogroup C3 (M217) was detected in one 
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resident with a probability of 99.9%. (according to the NEVGEN.ORG predictor). This haplogroup 

was not detected in the sample from the senior generation of Moscow. However, in contrast to the 

sample from Novosibirsk, for the sample from the senior generations of Moscow, “Southern origin” 

haplogroups were identified with a frequency of 11.2% (haplogroups represented: G2a, J1, J2, T, O2, 

and Q). 

The obtained data on the distribution of Y-chromosome haplogroups agree well with the 

questionnaire data on the places of origin and ethnic composition of Novosibirsk residents. 

3.3 Differentiation of the Studied Samples by “Southern Origin” Haplogroups 

Statistically significant differences in the proportion of “Southern origin” haplogroups between 

sample from Novosibirsk and all the samples studied was observed: from the senior generations of 

Moscow (G = 6.1081, df = 1, p < 0.05), the young generation of Moscow (G = 25.1640, df = 1, p < 

0.001), sample from Saint-Petersburg (G = 12.0926, df = 1, p < 0.01), as well as, between samples 

from the senior generations and the young generation of Moscow (G = 8.1565, df = 1, p < 0.05). 

According to questionnaire data, the migration coefficient for the sample from the senior 

generation in Moscow was 0.485, and the migration distance was 774.43 ± 61.52 km; for the sample 

from the young generation, it was 0.649 and 1781.59 ± 105.99 km, respectively [29]. A higher 

proportion of «Southern origin» haplogroups in the sample from the young generation of Moscow 

compared to the sample from senior generations is in agreement with the ratio of migration 

coefficients detected for the samples. Analogous data for the sample from Saint-Petersburg, 0.356 

and 1741 ± 130.81 km [28], and from Novosibirsk were 0.300 and 893 ± 181 km. In Figure 1, the 

geographic positions of the three megalopolises (Moscow, Saint-Petersburg, and Novosibirsk) are 

shown, along with the migration coefficients and the proportions of the “Southern origin” 

haplogroups of the Y-chromosome for the studied samples. 

 

Figure 1 Geographic position of the three megalopolises (Moscow, Saint-Petersburg, 

and Novosibirsk), migration coefficients (m), proportion of the “Southern origin” 

haplogroups of the Y chromosome determined for the samples from the population of 

megalopolises is indicated in yellow. a. – senior generations, b. – young generation. 
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In Figure 2, the more detailed distribution of frequency features for Y-chromosome large 

haplogroups is shown. The statistically significant increase in the considered component for the 

sample from the young generation (21%) compared to the sample from the senior generations 

(11.2%) in Moscow is due to the presence of migrants from the North Caucasus, Transcaucasia, and 

Central Asia, confirmed by the pedigrees of the studied Moscow residents [29, 30]. The noted 

peculiarities of the senior generations of Moscow (megapolis on the European territory of the 

Russian Federation) compared to the sample of Novosibirsk (Siberian megapolis) demonstrate the 

presence of higher proportion “Southern origin” haplogroups, which is in good agreement with the 

questionnaire data showing the presence of ancestors of Jewish or Armenian nationality, natives of 

Dagestan, or of unknown nationality in the carriers of these haplogroups. 

 

Figure 2 Frequencies of large haplogroups of the Y chromosome in the studied samples 

from the population of three megalopolises: Novosibirsk, Moscow (senior and young 

generations), and Saint-Petersburg. 

3.4 Geographic Peculiarities of Y-Chromosome Haplogroups Distribution 

In Moscow and Novosibirsk, the ratios of haplogroups I1 and I2 are 0.48 and 0.64, respectively, 

and in Saint Petersburg - 1.3. Haplogroup E1b1b has the highest frequency in Saint-Petersburg 

(10.0%) and a much lower frequency in the total sample of Moscow (3.5%) [30, 31] and Novosibirsk 

(4.3%). 

In Novosibirsk, the N1a1 (M46) subhaplogroup of haplogroup N (12.9%) was the most frequent, 

with a frequency of 10.3%, compared to N1a2 (CTS6380) (2.6%). In the sample from the senior 

generations of Moscow, only the N1a1 subhaplogroup was present [40]. 

4. Discussion 

The results obtained allow us to state that in the senior generations, the gene pools of the male 

population of megalopolises, both in the European part of the Russian Federation (Moscow) and in 

Siberia (Novosibirsk), show similarity in the spectra of Y-chromosome STR-haplotypes, but 

demonstrate differences by the presence of “Southern origin” haplogroups. High informativity and 
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polymorphism of microsatellites, simultaneous study of variability of 18 STR markers contributed to 

obtaining a statistically significant estimate of FST – the level of genetic differentiation for the sample 

from Novosibirsk, the young Moscow sample, and the sample from Saint-Petersburg. The absence 

of differences in STR haplotypes between the senior generations of Moscow and the Novosibirsk 

sample was established for both FST and RST estimates. 

The difference in the proportions of «Southern origin» haplogroups between the compared 

samples is consistent with estimates of the migration coefficient. Compared to the sample from the 

young generation, the sample from the senior generations of Moscow revealed a lower 

representation of “Southern origin” haplogroups, which penetrated megalopolises with a prevailing 

Russian population by the flows of migrants from other ethnic groups (Armenians, Jews, Dagestanis, 

and of unknown ethnicity) before 1991 [30]. 

For Saint-Petersburg, we compared the frequency profiles of Y-chromosome haplogroups in 

samples of men with Russian grandfathers and fathers, and only with Russian fathers, based on 

questionnaire data: an increase in the presence of “Southern origin” haplogroups from 4.2% to 10% 

was observed, respectively. In the total sample, “Southern origin” Y-chromosome haplogroups are 

present at a frequency of 16%, demonstrating their accumulation due to migration flows [31]. 

Earlier, the haplogroups of the Y-chromosome of “Southern origin” under consideration were 

identified as introduced with migrant flows from the North Caucasus, Transcaucasia, and Central 

Asia into the gene pools of the male populations of the Moscow and Saint-Petersburg megalopolises 

in the European territory of the Russian Federation [30, 31]. Our study of the frequency profile of 

Y-chromosome haplogroups in the sample from Novosibirsk confirmed that the accumulation of 

“Southern origin” Y-chromosome haplogroups occurs due to gene flows brought to the megapolis 

by modern waves of migration from the Southern regions of the country to the megalopolises under 

consideration, where these haplogroups originated and occur with high frequency. With rare 

exceptions, the haplogroups under consideration are not characteristic of the Russian population 

[40], which constitutes the overwhelming majority of the residents of the megalopolises under 

consideration. 

In the Novosibirsk population, migrants from the North Caucasus, Transcaucasia, and Central 

Asia are not represented in the studied sample, as indicated by questionnaire data, consistent with 

the low representation of the haplogroups under consideration. For the Novosibirsk sample, the 

lowest migration coefficient estimate was obtained (0.300), consistent with the lowest frequency 

of “Southern origin” haplogroups among the samples studied. 

The age features of the Novosibirsk sample suggest the practical absence of modern migration 

waves from the North Caucasus, Transcaucasia, and Central Asia, a conclusion also supported by 

the questionnaire data and consistent with the absence of haplogroups penetrating the gene pool 

of megalopolises. On the contrary, the presence of “Southern origin” haplogroups in the sample 

from the senior generations of Moscow is due to earlier migrations to Moscow (before 1991) as the 

capital, which is more attractive to migrants from various regions of the country and neighboring 

regions. The sample from the young generation of Moscow shows the highest migration coefficient 

(0.649), consistent with the highest frequency of “Southern origin” haplogroups (21%). 

In the studied samples from the megalopolis population, the frequency profiles of Y-

chromosome haplogroups show differences associated with geographical location, including 

regional peculiarities in distribution and differences in migration parameters. 
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Subhaplogroups of haplogroup N N1a1 and N1a2 are spread in the population of the 

megalopolises studied, consistent with their ethno-geographic peculiarities. Haplogroup N1a1, in 

addition to being found among indigenous peoples of Siberia and Finno-Ugrians, is also found in 

Russian populations across various regions, with frequencies ranging from 13 to 27%. Haplogroup 

N1a2 is found at high frequency among Samoyeds, Finno-Ugrians of the Urals and Western Siberia, 

and other indigenous peoples of Siberia, and is virtually absent from Russian populations, except 

for the northern ones [40]. The revealed peculiarities of the distribution of N1a1 and N1a2 

subhaplogroups in megalopolises were distinguished by the geographical location of the considered 

megalopolises and the geographical distribution of haplogroups. 

Haplogroup C3 is distributed at high frequency among the peoples of Central Asia and among 

some indigenous peoples of Siberia [41]. 

The results of our study confirm the necessity of developing specific reference genetic databases 

for three megalopolises by Y-chromosome DNA markers based on the established features of 

haplogroup distribution and haplotype frequency profiles by 18 STRs of the Y-chromosome [42], 

determined by the geographical location of megalopolises and geographical peculiarities of Y-

chromosome haplogroup distribution. Essential factors in the dynamics of gene pools across 

generations are migration parameters. 

This conclusion aligns with the previously demonstrated significant ethno-territorial subdivisions 

in megalopolises [43-45], which underscores the probable need for distinct genetic databases 

(including reference databases) for each region within these megalopolises. 

The study of genetic-demographic processes within each megalopolis allows for predicting the 

dynamics of the frequencies of specific Y-chromosome haplogroups in the megalopolis's gene pool 

over generations, particularly driven by migration [21]. 

4.1 Limitations of the Samples 

The limitation of the sample for Novosibirsk in the study must be considered. However, the 

residents from all regions of Novosibirsk are included in the sample. The sample consists of residents 

of a particular megalopolis of a specific age. The high informativity and polymorphism of 

microsatellites, along with the simultaneous analysis of 18 STR markers, contributed to obtaining 

reliable results. The sample limitation may have led to the underrepresentation of rare haplogroups 

in the megalopolis's gene pool, with frequencies below 1%, which might not significantly affect our 

main conclusion based on the summarized frequency of “Southern origin” haplogroups. Additionally, 

molecular data are consistent with questionnaire data analysis. 

For further studies to obtain more reliable and systematic results, it will be relevant to consider 

larger samples that are representative of megalopolises' gene pools, and to investigate alternative 

generations from each megalopolis with comparable age characteristics. 

5. Conclusions 

Detection of the frequencies of Y-chromosome markers in concrete generations of the 

megalopolis population is important for developing population reference databases. When creating 

population reference databases of DNA data on the Y-chromosome in megalopolises, the identified 

parameters of migration and changes in the gene pool under the influence of migration processes 

should be taken into account. For developing population reference databases for DNA-identification 
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in megalopolises, it is necessary to obtain genetic-demographic questionnaire data, simultaneously 

with molecular genetic analysis. For obtaining representative sample for the population of 

megalopolis, special approaches might be used accumulating data on territorial and ethnic 

subdivision [46] and formation of the groups of alternative age. 
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