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ABSTRACT 
Genetic variations present in the Y chromosomal and mitochondrial DNA provide the 

molecular basis to support the archeological and anthropological evidence that formulates the 

theories for describing the trajectory of human migration, which started almost 200,000 years 

ago out of Africa. These genetic variations have long been used as ancestry informative 

markers (AIMs) in forensics and evolutionary studies, primarily because of their uniparental 

inheritance and lack of recombination, despite the fact that gender specific gene flow and 

socio-cultural practices may cause discrepancies. Moreover, the genetic markers on the Y- 

chromosome constitute only a minor fraction of the entire human genome. Here, we analyzed 

over 75 million genetic variants (single nucleotide variants (SNVs) and short insertion-

deletion (InDels)) within consecutive 2500000 base pair windows in the autosomal as well as 

non-autosomal chromosomes of 22 populations in four major geographic regions that are 

cataloged in the 1000 Genomes Project to understand the clustering patterns of the autosomal 

and non-autosomal variants. While autosomal and X-chromosomal variants cluster the 

populations of similar geographic regions together, Y-chromosomal variants constantly place 

the East Asian Japanese, and the European Finnish populations in a single clade in 

hierarchical clusters. In conclusion, this comprehensive genome-wide analysis essentially 

introduces new insights into mapping the path of human migration based on the Y-

chromosomal and other chromosomal variants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

One of the most widely accepted human migration theories, ‘Out of Africa Theory’ 

proposes that the first anatomically modern humans arose in Africa more than 200,000 

years ago [1]. It also suggests that the other populations around the globe are 

descendants of the Africans [2]. The distribution of the Y chromosomal haplogroup by 

geographical area supports the 'Out of Africa' theory [3]. From Africa, modern humans 

headed toward Asia and other distant regions [4]. Despite the widespread acceptance 

of the idea that modern humans left Africa and dispersed worldwide, the next route 

they took remains a subject of debate. Two proposed theories potentially support the 

migration of modern humans out of Africa: the northern route of dispersal and the 

southern route of dispersal. The northern dispersal theory suggests that modern 

humans left Africa around 120,000 years ago and migrated through the Sinai Peninsula 

to the Levant [5]. The southern dispersal route suggests that early human migration 

occurred along the southern coast of Asia, extended from the Arabian Peninsula, via 

Persia and India, and eventually reached Southeast Asia and Oceania [6]. The theory 

that depicts the emergence of modern humans in Africa and the migration trajectory of 

modern humans was defined based on the mitochondrial DNA [7]. Detailed 

phylogenetic analyses of mitochondrial DNA support the southern dispersion. At the 
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same time, investigation of the non-recombining portion of the Y chromosome (NRY) 

haplogroups indicates this pattern of migrations from south to north [8].  

The primary reason for using Y chromosomal DNA and mitochondrial DNA in these 

studies is that their inheritance is rather straightforward. The Y chromosome is 

inherited only from the father, while mitochondria are inherited only from the mother. 

These do not undergo recombination events [7]. That is why genetic variants of the Y 

chromosome and mitochondria are used as potential tools to trace the migration 

trajectory [9].  

Many genetic loci are geographically stratified, and these show significant differences 

in allele frequencies among people from different geographic regions [10]. These loci 

are called ancestry-informative markers (AIMs). AIMs not only help determine the 

geographical ancestry of a population, but they also have important applications in 

fields such as forensics, genetic association studies, drug response testing, admixture 

mapping, and reconstructing evolutionary histories. While mitochondrial DNA and Y 

chromosomal variants serve as excellent markers for determining the ancestry and 

lineage of individuals, these have limitations as they offer information for either 

paternal or maternal inheritance [11]. On top of that, local and cultural traditions 

influence these markers over time. Most human societies practice patrilocality. 

Therefore, Y-chromosome variants exhibit greater territorial localization compared to 

mitochondrial DNA variants [12]. Again, the migration of Tibeto-Burman-speaking 

tribes from China to Southeast Asia and then to northern India demonstrated a male-

biased dispersal pattern and a paucity of genetic diversity in mitochondrial DNA as a 

result of agricultural expansion [13]. Therefore, the dispersal of genetic variants of 

mitochondrial DNA and the Y chromosome is not aligned with the same flow [8]. It 

might create some inconsistencies in defining the exact inheritance and migration 

patterns of humans. We, therefore, sought to analyze all genetic variants of the 22 

autosomal and the non-autosomal chromosomes to find any deviation in the clustering 

pattern. By entailing all the variations in autosomal and non-autosomal chromosomes, 

a more comprehensive depiction of human migration is expected to be generated. 

 

MATERIALS AND METHODS   

Data source 

The allele frequency calculator (AFC) tool at Ensembl genome browser [14]  provides 

an interface to retrieve allele frequency for variants within a given genomic interval 

(the maximum range is 2500000 base pairs) for any of the given populations listed in 

the 1000 Genomes Project [15]. We used the AFC tool at Ensembl genome browser [14] 

to retrieve the allele frequencies of 75,160,938 genetic variants, including single 

nucleotide variants (SNVs) and short insertions and deletions (InDels), from 2,504 

people from 22 populations in four major geographic regions around the globe: Africa 

(AFR), Europe (EUR), East Asia (EAS), and South Asia (SAS). Table 1 provides the 

chromosome-wise breakdown of variant numbers analyzed in this study. 

Supplementary table 1 provides the list of populations and their geographic 

distributions. The variants on each chromosome were downloaded with a window of 

consecutive 2500000 base pairs (e.g., variants in chromosome 1 were retrieved within 

the ranges: 1- 2500000, 2500001-5000000, ... , 247500001-248956422). This study involved 

neither any human nor animal, and hence, no ethical approval was required. 
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Table 1. Number of genetic variants of all chromosomes. 

Chromosome name Number of the analyzed genetic variants 

Chromosome 1 6282365 

Chromosome 2 6129314 

Chromosome 3 5168423 

Chromosome 4 5222847 

Chromosome 5 4598412 

Chromosome 6 4309905 

Chromosome 7 3732058 

Chromosome 8 4008094 

Chromosome 9 2976482 

Chromosome 10 3587378 

Chromosome 11 2739479 

Chromosome 12 3466751 

Chromosome 13 2591224 

Chromosome 14 2430495 

Chromosome 15 2217303 

Chromosome 16 2735862 

Chromosome 17 2150903 

Chromosome 18 2076866 

Chromosome 19 1661121 

Chromosome 20 1810178 

Chromosome 21 960495 

Chromosome 22 1104586 

Chromosome X 3138846 

Chromosome Y 61551 

Total number of genetic variants 75160938 

 

Data formatting 

We applied a Python script to reformat and organize the downloaded data. The Python 

script is provided in supplementary table 2. An example of the data format is provided 

in supplementary table 3. The coordinates of centromeric regions were retrieved from 

the UCSC genome browser database [16]. The coordinates of centromeric regions are 

given in supplementary table 4.  

 

Clustering and analysis of data 

The statistical tools available at the web-based Metaboanalyst 5.0 platform [17] were 

used for unsupervised clustering of the variant frequency data by principal component 

analysis (PCA) as well as hierarchical clustering for each 2500000 base pair window. 

The input data format is shown in supplementary table 3. The variant frequencies were 

not normalized, scaled, transformed, or filtered. Hierarchical clustering was done 

following the Euclidian distance measure and Ward’s clustering algorithm.   

 

RESULTS 

Clustering based on the variants on autosomes and X chromosome 

By analyzing over 75 million SNVs and InDels among 22 populations distributed in 

four geographic regions through principal component analysis and hierarchical 

clustering in a total of 1146 plots, we have identified a notable pattern difference 

between variants of the autosomes and X chromosome with those of the Y chromosome. 

In the PCA plots, the allele frequencies at the variant loci in all autosomes and the X 

chromosome cluster the populations based on the geographic locations (Figure 1). In 

these plots, AFR populations remain closely clustered and positioned distantly from the 

http://www.bsmiab.org/jabet


142 

 

www.bsmiab.org/jabet 

 

Tuli et al., J Adv Biotechnol Exp Ther. 2025 Jan; 8(1): 139-149 

other populations. The EAS populations also exhibit more or less close clusters, 

although, unlike the AFR populations, the cluster positions were not strictly distinctive.   

In population dendrograms, too, the AFR populations form a distinct and separate 

clade, while the other populations appear in a second clade (Figure 2). The SAS and 

EUR populations generally share a single node in this latter branch for both the 

autosomal and the X chromosomal variants. This pattern significantly portrays that the 

SAS and EUR populations have higher similarities in their autosomal and X 

chromosomal genetic material (Figure 2).  

 

 

Figure 1. Clustering of genetic variants in four super-populations in PCA plot (A-I). Randomly selected plots 

are shown. Chromosome number and genetic regions are shown in each plot (e.g., “1: 47500001-50000000” 

indicates base positions between 47500001 and 50000000 in human chromosome 1). AFR- African, EAS- East 

Asian, EUR- European, SAS- South Asian. 
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Figure 2. Hierarchical clustering of autosomal and X chromosomal variants (A-I). Chromosome number and 

genetic regions are shown in each plot (e.g., “1: 1-2500000” indicates base positions between 1 and 2500000 in 

human chromosome 1). African super-population (AFR)- ((Yoruba in Ibadan, Nigeria (YRI); Luhya in 

Webuye, Kenya (LWK); Gambian in Western Divisions in the Gam-bia (GWD); Mende in Sierra Leone (MSL); 

Esan in Nigeria (ESN); Americans of African Ancestry in SW USA (ASW); African Caribbeans in Barbados 

(ACB)); East Asian (EAS)- ((Han Chinese in Beijing, China (CHB); Japanese in Tokyo, Japan (JPT); Southern 

Han Chinese (CHS); Chinese Dai in Xishuangbanna, China (CDX); Kinh in Ho Chi Minh City, Vietnam 

(KHV)); European (EUR)- ((Utah Residents (CEPH) with Northern and Western European Ancestry (CEU); 

Toscani in Italia (TSI); Finnish in Finland (FIN); British in England and Scotland (GBR); Iberian Population in 

Spain (IBS)); South Asian (SAS)- ((Gujarati Indian from Houston, Texas (GIH); Punjabi from Lahore, Pakistan 

(PJL); Bengali from Bangladesh (BEB); Sri Lankan Tamil from the UK (STU); Indian Telugu from the UK 

(ITU)). 
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Clustering based on the variants on the Y chromosome 

Like the autosomes and the X chromosome variants, the allele frequencies at the Y 

chromosome variant loci cluster the AFR populations together (Figure 3). The common 

observation from the variants of the Y chromosome is that the SAS populations and the 

EUR populations, except the Finnish (FIN) population, emerge from the common node 

in the dendrograms (Figure 4). A distinctive clustering pattern of the Y chromosomal 

variants is observed for the Japanese (JPT) and the FIN populations. The FIN 

population of the EUR superpopulation separately clusters with the JPT population, 

which belongs to the EAS superpopulation (Figure 4). Only Y chromosome variants 

exhibit this specific clustering pattern. 

 

 

Figure 3. Clustering of Y chromosomal variants in PCA plot (A-I). Randomly selected plots are shown. 

Chromosome number and genetic regions are shown in each plot (e.g., “Y: 2500001-5000000” indicates base 

positions between 2500001 and 5000000 in human chromosome Y). AFR- African, EAS- East Asian, EUR- 

European, SAS- South Asian. 
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Figure 4. Hierarchical clustering of Y chromosomal variants (A-I). Chromosome number and genetic regions 

are shown in each plot (e.g., “Y: 12500001-15000000” indicates base positions between 12500001 and 15000000 

in human chromosome Y). African super-population (AFR)- ((Yoruba in Ibadan, Nigeria (YRI); Luhya in 

Webuye, Kenya (LWK); Gambian in Western Divisions in the Gambia (GWD); Mende in Sierra Leone (MSL); 

Esan in Nigeria (ESN); Americans of African Ancestry in SW USA (ASW); African Caribbeans in Barbados 

(ACB)); East Asian (EAS)- ((Han Chinese in Beijing, China (CHB); Japanese in Tokyo, Japan (JPT); Southern 

Han Chinese (CHS); Chinese Dai in Xishuangbanna, China (CDX); Kinh in Ho Chi Minh City, Vietnam 

(KHV)); European (EUR)- ((Utah Residents (CEPH) with Northern and Western European Ancestry (CEU); 

Toscani in Italia (TSI); Finnish in Finland (FIN); British in England and Scotland (GBR); Iberian Population in 

Spain (IBS)); South Asian (SAS)- ((Gujarati Indian from Houston, Texas (GIH); Punjabi from Lahore, Pakistan 

(PJL); Bengali from Bangladesh (BEB); Sri Lankan Tamil from the UK (STU); Indian Telugu from the UK 

(ITU)). 

 

Clustering based on the variants around the centromere of the chromosomes 

The regions of centromeres constitute common heterochromatin sites in chromosomes 

and the loci near centromeres exhibit low levels of recombination [18-20]. Coordinates 

of centromeric regions in different chromosomes are shown in supplementary table 4. 

The variants at loci encompassing the regions of the centromere cluster the populations 

of the similar geographic regions together (Figure 5). However, in many of these plots, 

the EUR and the SAS populations cluster very close- a pattern observed with the Y-

chromosome variants (Figure 3), which might be indicative of the comparatively more 

genetic relatedness between EUR and SAS populations.  
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Figure 5. Clustering of variants located near the centromeric regions in PCA plot (A-I). Randomly selected 

plots are shown. Chromosome number and genetic regions are shown in each plot (e.g., “1: 120000001-

122500000” indicates base positions between 120000001 and 122500000 in human chromosome 1). AFR- 

African, EAS- East Asian, EUR- European, SAS- South Asian. 

 

DISCUSSION 

The 22 autosomes constitute the major portion of the human genome. By incorporating 

and analyzing autosomal variants along with non-autosomal variants, we produced an 

extensive genome-wide study to interpret human geographical ancestry more 

persuasively. We observed that autosomal and X-chromosomal variants cluster 

differently than Y-chromosomal variants, not at random, but rather consistently. The 

clustering pattern with autosomal and X-chromosomal variants (Figures 1 and 2) 

reiterates the fossil and genetic evidence [21-23] suggesting that anatomically, modern 

humans evolved in Africa and then migrated into Europe and Asia in an approximately 

West-to-East pattern. Geographic isolation, interbreeding, and adaptation in new 

environments later differentiated human populations from each other [24]. EUR and 

SAS populations have been reported to be more related in multiple studies [10, 25-27]. 

There is greater Neanderthal mixing in EAS populations than in EUR populations, and 

part of it occurred after East Asians and Europeans separated [28-30].  

Mitochondrial DNA, having a small circular genome with a higher mutation rate than 

nuclear DNA, serves as a potential marker to identify the migration pattern of humans. 

As the mitochondrial genome is inherited solely from the mother, it essentially helps to 
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understand the maternal ancestry, thereby the pattern of migration in light of 

movement and inheritance of female genetic material. In comparison to mitochondrial 

markers, Y chromosomal markers offer several advantages as ancestry markers. The Y 

chromosome contains a wide range of polymorphisms such as base substitution, indels, 

duplication, and inversion due to its larger size and higher complexity than those of 

mitochondrial DNA [31]. Y chromosomal DNA regions have a lower mutation rate 

compared to that of the mitochondrial genome. The lower mutation rate of the Y 

chromosome helps to ascertain the ancestry of humans more accurately, as these 

mutations pass down to the descendants more stably [32]. Therefore, polymorphisms 

found in the Y chromosomes have emerged as important markers to distinguish human 

genetic diversity according to geographic locations. Also, Y chromosomal regions do 

not undergo recombination like the other parts of the human genome, such as the 

autosomes and X chromosome [33, 34], which may explain the close clustering of the 

EUR and SAS populations for the variants in the Y-chromosomal and the near-

centromeric regions of other chromosomes (Figures 3 and 5).    

This study reveals an intriguing pattern in the Y chromosomal variants, leading to a 

notable distinction in the hierarchical clustering patterns between the Y chromosomal 

and other chromosomal variants (Figure 4). Specifically, the FIN population, distinct 

from other EUR populations, consistently aligns with the JPT population, a part of the 

EAS super population. For the autosomal and X-chromosomal variants, this pattern is 

not completely absent. There is archaeological and cultural evidence that might support 

this clustering pattern. In the past, Finnish people spoke the Uralic language, which is 

distinct from the Indo-European languages generally spoken by Europeans. The Uralic 

language group was previously known as Finno-Ugric, which originated in north-

central Asia. Also, a study of Y chromosome markers showed that Europeans who 

speak Uralic languages share Y-chromosome haplotypes with people from central and 

northeastern Asia, indicating a significant paternal genetic contribution from Asia to 

these northern European populations [35]. The sea plays an enormous role in Japanese 

culture, history, society, art, and identity. The Pacific Ocean, the Sea of Okhotsk, the Sea 

of Japan, and the East China Sea surround Japan. Human habitation in Japan certainly 

occurred by sea routes [36]. Is it possible that during any such voyage, a group of the 

early ancestors of the Japanese population, dominated mostly by males, set foot on a 

European coast? 

Estimation of the ancestry of individuals based on their genetic inheritance is an 

emerging area of research. Understanding human migration routes and history in light 

of the genetic structure of the populations can be a great way to hypothesize and 

comprehend how the individuals of a population are susceptible to any disease. Many 

studies have already found that susceptibility to diseases varies from population to 

population. For example, individuals from African lineages have been identified as 

having a greater susceptibility to asthma compared to those of European descent [37]. 

Again, people of African ancestry are more susceptible to encountering strokes as a 

consequence of cardiovascular diseases, whereas individuals of South Asian descent 

are more likely to suffer from heart attacks [38]. Also, infectious diseases with higher 

prevalence and extensive geographic distributions may induce substantial genetic 

variation in susceptibility [39-41].  

This study only analyzed the genome-wide variant data available for 2,504 people from 

22 populations in four major geographic regions. The inclusion of more samples from a 

wider number of populations from different geographic regions would give a more 

complete picture of the trajectory of human migration.  
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CONCLUSIONS 

The current investigation reveals distinct differences in population-specific clustering 

patterns of genetic variants that reside on the Y and other chromosomes. Finally, this 

comprehensive analysis of autosomal and non-autosomal variants brought additional 

perspectives to the human migration trajectory.  
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