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Abstract 

 

Introduction: Uniparentally inherited molecular markers for forensics and other applications where human identification 

from tainted samples is a crucial problem. The current study aimed to identify region-specific mitochondrial haplotypes 

for human identification from complex samples by assessing the Precision ID mtDNA panels, examining maternal 

lineages, and investigating prehistoric migration episodes in Indian populations. 

Materials and Methods: We considered 40 unrelated people from India's Eastern, Northern, Western, and Southern 

regions when processing the extracted DNA samples to resemble forensic specimens. In addition, 38 Indian sequences had 

already been for the haplotype-based evaluation of mtDNA-based markers. 

Results: Among those investigated, the mitochondrial macro-haplogroup M predominated (58%). Due to their distinct 

coalescent histories, we projected various expansion dates for North Indians (26kya), East Indians (22kya), and West 

Indians (15kya). However, because of frequent free mingling and the quick expansion of the Indo-European language, 

these populations are admixed and lack any meaningful subpopulation structure. Due to the high incidence of endogamy 

in this area, we found a substantially older expansion time (28kya) and minimal genetic variation among South Indians. 

Finally, we have discovered seven hotspot sites relevant for human identification: five West Indian-specific (16069, 

16169, 16206, 215 & 243), four North Indian-specific (16170, 16181, 16185 & 285), three East Indian-specific (16224, 

16344 & 41), and one South Indian-specific (480). To validate the results of this pilot-scale study, however, a more in-

depth investigation with a bigger cohort and a variety of genetic markers is required. 

Conclusion: The Precision ID CR panel for human identification by this comprehensive pilot-scale genetic investigation 

evaluates the Precision ID mtDNA panels on unrelated individuals from four zones of India. 

 

Keywords: Precision ID mtDNA Panel; region-specific mitochondrial haplotypes; hotspot mtDNA positions; 

mitochondrial haplogroup diversity; human identification from challenging samples. 

 

 

Introduction 

 

In the current Next-Generation Sequencing (NGS) 

era, the two widely used molecular marker types 

for human identification are DNA sequence 

polymorphisms and DNA repeat variations. It is 

due to the ability of the latest advanced NGS 

platforms to generate unbiased high-throughput 

data cost-effectively, as anticipated in an earlier 

study (1). The maternally inherited mitochondrial 

DNA (mtDNA) and the paternally inherited Y-

chromosome are reasonably effective in human 

identification through inferring ancestry 

information. Due to a lack of recombination, 

polymorphisms in these portions of the genome can 

provide ancestry identification by determining 

variable haplotypes and corresponding haplogroups 

(HGs). 

 

Moreover, we believe that several successive pre-

historic migration events caused the evolution of 

these HGs (2). Therefore, studying their patterns is 

also essential for human identification by 

reconstructing ancestral genetic history (3). 

 

Among these two markers, mtDNA-based markers 

are advantageous in forensic, medical, and 

population genetics studies (1, 4). Firstly, its 

mutation rate is more rapid than the nuclear 

genome (5), especially the control region (CR) or 

the displacement loop (D-loop) region, which 

evolves approximately five times more rapidly 

than the rest of the mitogenome (mt-genome) (6). 

This D-loop segment is the most polymorphic 

region, and it has two hypervariable regions, 
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Hypervariable Region I (HVR-I), which spans 

around 16024-16569bp, and Hypervariable Region 

II (HVR-II), which spans around 1-576bp (7). 

Secondly, being the powerhouse of the cell, 

mitochondria, bearing the circular double-stranded 

DNA, are present in hundreds to thousands of 

copies, whereas nuclear DNA only has two copies 

per diploid cell. It increases the sensitivity of 

mtDNA-based analysis and the probability of 

successful PCR amplification, even from very 

challenging biological or forensic specimens that 

contain a limited amount of DNA or degraded DNA 

(8). Thirdly, being maternally inherited, there is no 

chance of recombination. 

 

Still, it has a higher substitution rate and follows a 

non-Mendelian inheritance pattern (9). 

Consequently, it can effectively establish lineages 

with close or distant relationships and differentiate 

closely related individuals. Moreover, some earlier 

studies have shown that the hypervariable regions 

of the mt-genome can as an individual 

identification marker or barcode in humans (10). 

 

In the pre-NGS era, there was a limitation in 

sequencing the whole mt-genome using Sanger 

sequencing due to practical and technical reasons. 

However, due to modern high-throughput 

sequencing platforms, massively parallel 

sequencing has become a routine job, and we can 

perform whole-genome sequencing in a simplified 

manner (8). In this context, the recent development 

of the Applied Biosystems™ Precision ID System 

facilitates a better prospect of generating whole mt-

genome (16569bp) sequencing data from highly 

compromised samples (4, 11). The system contains 

Precision ID mtDNA Panels, a solution for 

automated library and template preparation using 

the Ion Chef™ system, sequencing and analysis 

with Ion S5™ Semiconductor Sequencer, and 

Converge™ software (12). The whole-genome 

panel uses two multiplexed primer pools with 81 

primer pairs each to target the whole mt-genome. 

Furthermore, the control area panel uses two 

multiplexed primer pools with seven primer pairs 

each to target both hypervariable regions of the mt-

genome. 

 

The effectiveness of these Precision ID panels on 

diverse mainland Indian populations to identify 

hotspot mt-genome positions facilitating human 

identification from challenging samples is yet to be 

ascertained. Therefore, the current study aimed to 

assess the Precision ID system on some degraded 

samples collected randomly from unrelated 

individuals to determine the mitochondrial HGs 

diversity and the probable migration patterns of 

studied population groups. We also attempted to 

identify some region-specific hotspot mitochondrial 

polymorphisms for aiding human identification in 

forensic and other applications. Moreover, we 

endeavored to provide an analytical workflow, 

from sample processing to data analysis, which 

could be effective in human identification through 

inferring ancestral genetic history from any 

molecular marker. 

 

Materials and methods 

 

Subject Details 

 

We randomly collected buccal swab samples from 

unrelated individuals from the East, North, South, 

and West zones of India and finally considered ten 

individuals from each zone for this study who were 

age and ethnically-matched and provided duly 

signed informed consent. In addition, we filled up 

a questionnaire with essential demographic data like 

age, weight, gender, type and duration of smoking 

and drinking habits, and other related information 

from each participant through personal interviews. 

We carried out all the methods following relevant 

guidelines and regulations. 

 

Extraction of genomic DNA and its 

modifications 

 

The genomic DNA (gDNA) was extracted from 

the buccal swab samples using the PrepFiler 

Express™ Forensic DNA Extraction Kit (Cat. No 

4441352) in the AutoMate Express™ Instrument 

(Applied Biosystems, USA) and quantified by 

Qubit® 2.0 Fluorometer (Thermo Fisher 

Scientific, USA). Then they were treated with 300 

ng/µl of Humic acid (Sigma Aldrich, SKU: 53680) 

and subjected to random fragmentation through 

sonication in COVARIS (p/n 600028) for 20-30 

minutes to mimic compromised forensic samples. 

Furthermore, we assessed the degree of 

fragmentation through the E-gel Electrophoresis 

system (Thermo Fisher Scientific, USA). 

 

Assessment of Applied Biosystems™ 

Precision ID System 

 

In this study, initially, we ran the Precision ID 

mtDNA Control Region (CR) Panel (Cat. No 

A31443) to get the mtDNA D-loop region 

information. Afterward, to verify CR panel data, 

we ran the Precision ID mtDNA Whole Genome 

(WG) Panel (Cat. No. A30938). We prepared the 

library from the treated DNA samples on the Ion 
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Chef™ robotics system (12) and quantified the 

amplified pooled libraries in qPCR using the 

Quantifiler™ Trio DNA Quantification Kit (Cat. 

No 4482910). The final libraries were clonally 

amplified via emulsion PCR and loaded onto Ion 

S5™ 530 sequencing chip to carry out sequencing 

in the Ion S5™ instrument. After sequencing, we 

used Converge™ v2.3 software for primary 

analysis of raw sequencing data (from BAM to 

VCF) and exported the observed mt-genome 

variants into XLSX format for further analysis. 

 

Phylogenetic analysis 

 

We determined mtDNA HGs based on the 

complete mt-genome [1-16569] and control region 

[16024-16569; 1-576] using Haplogrep2 (13) and 

EMPOP Haplogroup Browser  

(https://empop.online/hg_tree_browser). Then we 

constructed the Quasi-median (QM) network using 

the EMPOP-NETWORK tool  

(https://empop.online/network) employing the 

EMPOPspeedy filter. The generated HGs network 

was visualized and adjusted in the DrawNetWork 

v1.24 tool (https://empop.online/downloads). 

 

In addition, we inferred the evolutionary history by 

employing the Maximum Likelihood (ML) method 

based on the Hasegawa-Kishino-Yano (HKY) 

model (14) with 1000 bootstrap replicates (15) in 

MEGA7 (16). Apart from our generated 40 

sequences, we considered 38 other Mainland 

Indian (North, West, Central, and South Indian) 

sequences for the analysis (Table 1) and rooted the 

tree with one Chimpanzee sequence (Accession 

no. U84293.1) and 5 Neanderthals sequences 

(Accession no. AM948965.1, DQ836132.1, 

EU078680.1, FM865410.1, and KX198087.1), as 

used in a recent study (17). 

 

Statistical approaches 

 

We used ARLEQUIN v3.5.2.2 software (18) to 

estimate the molecular diversity indices, mean 

pairwise differences (MPD), nucleotide diversity 

(π), haplotype diversity (Hd), initial theta (θa), tau 

(τ), raggedness index (r), and the number of 

migrants (M). We also studied mismatch 

distribution to assess demographic dynamics under 

the spatial expansion model. We estimated the 

departure from neutrality by Fu's Fs and Tajima's 

D based on 1000 coalescent simulations. The 

genetic structure of the studied populations was 

evaluated by the Analyses of MOlecular VAriance 

(AMOVA) based on 10000 permutations in 

ARLEQUIN v3.1 software (19). Besides, Effective 

population size (Ne) and population expansion age 

(AYa) were also calculated as suggested in a recent 

study (17). Keeping because of our moderate 

sample size, we performed the R2 Test in DnaSP 

v5.10.01 software (20) based on 1000 coalescent 

simulations, as the behavior of this test was found 

superior for small sample sizes (21). Furthermore, 

we evaluated marginal likelihoods to estimate the 

migration flow among the study subjects and 

compared different migration models using 

MIGRATE-n v4.4.3 (22). Lastly, we generated the 

bi-directional migration plot (23) in R-Studio 

(https://www.rstudio.com/) to understand the 

probable courses of gene flows among the studied 

Indian populations. 

 

Table 1. Information on 18 sample populations 

 
 

Results 

 

Demographic characteristics of the studied 

individuals 

 

The summary statistic of the studied Indian subject 

demography, mentioned in Table 2, has shown 

that the mean age (±SE) of our studied individuals 

was 40.6 (±0.8) years and the mean body weight 

(±SE) of our studied individuals was 69.4 (±1.5) 

KG. Among the studied individuals, 65% were 

females. We observed a significant association 

between body weight and gender in our studied 

populations (p-value: 0.0001). We also observed 

that most females (61.5%) fell under the non-

smoker and non-drinker group, but among the male 

subjects, 35.7% were moderate smokers, and 

42.9% of them were moderate smokers as well as 

drinkers. The gender-wise distinction in non-

dietary habits was statistically significant (p-value: 

0.0058). Besides, we studied the combined effect 

of studied demographic parameters in our studied 

populations (Table 3), which showed that 

https://empop.online/downloads
http://www.rstudio.com/)
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combinations of bodyweight+non-dietary 

habits+gender and age+non-dietary habits+gender 

were significantly associated (p-value: 0.0173 and 

0.0111, respectively). Moreover, the variety of 

age+bodyweight+non-dietary habits+gender 

showed a strong association (p-value: 0.0468) in 

our studied individuals (Supplementary Table 

S1). 

Table 2. Subjects' demographics 

 
 

Note: P-value < 0.05 considered as statistically 

significant (bold). Only smoker: smoker 10-19 

cigarettes per day; Smoking +Drinking: smoker 

10-19 cigarettes per day and drinks 60-100 per day.   

 

Sequencing results 

 

In this study, after the treatment, the mean length 

of our gDNA fragments was ~125bp 

(Supplementary Figure S1). For the CR panel, 

we achieved an average depth (±SE) of 3,240.7X 

(±837.6X) with 95.3% (±1.0%) mean (±SE) 

sequence uniformity. In contrast, for the WG panel, 

we achieved an average depth (±SE) of 5,565.3X 

(±779.9X) with the mean (±SE) sequence 

uniformity of 90.8% (±2.7%) using the Ion S5TM 

530 sequencing chips. 

 

Supplementary Table S2 describes the detailed 

summary statistics of our sequencing runs. 

 

Status of the observed mitochondrial 

haplogroup diversity 

 

Keeping views on the nature of the samples, we 

initially assessed the mtDNA D-loop region 

(16024-16569; 1-576) using the CR panel and 

determined the HGs based on it (Supplementary 

Figure S2). Afterward, we verified this with the 

representative sequencing of the whole mt-genome 

(1-16569) using the WG panel (Supplementary 

Table S3). We observed that mitochondrial HGs 

affiliation from both methods was concordant 

(Supplementary Table S4), as we observed a 

match in 86.4% of cases. However, mitochondrial 

macro-haplogroup (macro-HG) affiliation was 

matched absolutely (100%). Furthermore, it 

revealed that among our studied 40 individuals 

from four different zones of India, 57.5% (23/40) 

of them belonged to the non-African haplogroup 

M, followed by R (20%; 8/40), other descendants 

of R like H / J / U / T (17.5%; 7/40), and 

haplogroup W (5%; 2/40). Among the observed 

individuals bearing the M macro-HGs, 39.1% 

(9/23) of them belonged to the Eastern region, 

followed by Western (21.7%; 5/23), Southern 

(21.7%; 5/23), and Northern (17.4%; 4/23) region. 

In contrast, North Indians mostly carried the 

haplogroup R and its descendants (40.0%; 6/15), 

followed by Western (33.3%; 5/15), Southern 

(20.0%; 3/15), and Eastern (6.7%; 1/15) Indians. 

However, the population-wise prevalence of 

observed HGs showed East Indians bearing the M 

haplogroup (90%; 9/10) and North Indians bearing 

the R and its descendant haplogroups (60%; 6/10). 

 

Table 3. Status of studied demographic parameters 

in dual combinations 

 
 

Note: P-value < 0.05 considered as statistically 

significant (bold). Only smoker: smoker 10-19 

cigarettes per day; Smoking +Drinking: smoker 

10-19 cigarettes per day and drinks 60-100 per day.   

 

Determining region-specific haplotypes 

 

Upon analyzing mitochondrial HV1 and HV2, we 

observed 26 haplotypes, of which eight haplotypes 

(30.8%) were shared (Table 4). The QM network 

based on 40 mtDNA HV1/HV2 haplotypes 
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depicted the region-wise clustering patterns of the 

observed singleton and shared haplotypes (Figure 

1). Among the observed haplotypes, we observed 

h1 to h10 in the Eastern region, of which 50% were 

unique haplotypes. In the Northern region, we 

observed h11 to h19 haplotypes, of which 80% 

were unique haplotypes. The shared haplotype h20 

was observed only in the South Indian population, 

and h21 was shared with the South and West Indian 

population. Likewise, h22 to h26 were uniquely 

observed (50%) among the West Indians. 

Moreover, we found some region-wise unique 

positions in the mtDNA-HV1 viz. variations in 

16069, 16169, and 16,206 among the West 

Indians, 16170, 16181, and 16185 among the 

North Indians, and 16224 and 16344 among the 

East Indians (Figure 2). Similarly, we found 

unique positions in mtDNA-HV2 viz. variation in 

41 among the East Indians, 215 and 243 among the 

West Indians, 285 among the North Indians, and 

480 among the South Indians. 

 

 
Figure 1: QM network of examined populations 

based on 40 mtDNA HV1 / HV2 haplotypes. 

Specific mitochondrial haplogroups are shown in 

region-specific groupings. *Haplotypes are shared. 

 

Table 4. Distribution of mitochondrial HV-I and 

HVII haplotypes in our generated 40 individuals 

 

 
 

 
Figure 2: The distribution of region-specific 

unique mitochondrial positions in the studied 

population 

 

Phylogenetic associations of studied Indian 

populations 

We inferred phylogenetic relationships of our 

studied Indian samples with other Indian 

populations through the ML method based on 

mitochondrial HV1 region (nucleotide positions: 

16024-16383). We selected the HKY+G 

substitution model based on the lowest Bayesian 

Information Criterion scores (Supplementary 

Table S5). The final tree with the highest log-

likelihood (-1313.9585) contained 17 clusters (I-

XVII), of which Cluster I was the first South 

Indian-specific deep cluster. Besides, we 

exclusively observed East Indian specific clusters 

(Cluster XV & XIII), North Indian Cluster (Cluster 

XI), and Central Indian clusters (Cluster XVI & 
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XVII). Moreover, we observed Eastern & Northern 

clusters (Cluster X & XII), Eastern & Southern 

clusters (Cluster II & IX), Northern & Western 

clusters (Cluster VI), and Southern & Western 

clusters (Cluster III & V). The remaining four 

clusters were mixed clusters, of which Northeast 

Indian sequences were present in three clusters 

(Cluster IV, VII & VIII), and cluster 

XIV contained East, West, North, and Central 

Indian sequences. However, we did not observe any 

South Indian samples in these mixed clusters 

(Figure 3). 

 

 
Figure 3: Molecular Phylogenetic analysis by 

Maximum Likelihood method. Summary 

information of the evolutionary relationships of 80 

mtDNA-HV1 sequences rooted with Neanderthal 

and Chimpanzee sequences. The tree-topology is 

represented on the left-hand side; N is the number 

of sequences in each cluster (I - XVII). The table 

provides the number of sequences in each cluster 

taken in this study from the following geographic 

areas: East, West, North, South, and Northeast 

India. 

 

Genetic structure evaluation of the studied 

populations 

 

We evaluated the genetic structure of studied 

Indian populations by AMOVA. In the Total 

Population group (model A), we observed 99.97% 

variance in the "within populations" and 0.03% 

variance in the "among populations within the 

group" category. Then these populations were 

grouped according to geographic criteria (model 

B), haplogroup pattern (model C), and ML 

clustering (model D). Among these models, model 

D showed the maximum variance among groups 

(2.98) and minimum variance among the 

populations within groups (-2.51), thus correctly 

describing the genetic structure of the studied 

individuals (Table 5). 

 

Table 5. Summary of the AMOVA for estimating 

the genetic structure of studied Indian populations 

Assessment of the demographic history of the 

studied populations 

 
 

Note. The best model should maximize the 

variance among groups minimize the variance 

among population within groups.  

 

The probable signatures of demographic changes 

in the studied populations were summarized in 

Table 6. The NORTH group showed higher MPD, 

Hd, and π than the remaining groups. The 

unimodal distribution (slightly positively skewed) 

was observed in all three groups except the 

SOUTH group, suggesting a prehistoric 

demographic expansion event in those three groups 

(Figure 4). A comparatively lower value of r also 

interpreted a similar observation. Moreover, in 

these three groups, insignificant Sum of squared 

deviations (SSD) values, significantly lower R2 

statistics values (<0.1), and significant Fs and D 

statistics were observed, which suggest that they 

probably underwent spatial expansion. Thus, we 

observed larger Effective population sizes 

(Ne>1000) and larger migrant sizes (M>50). We 

also noticed different expansion times calculated 

from τ due to probable diverse coalescent histories 

of these groups, as the NORTH group expanded 

earlier (~26kya), followed by the EAST group 

(~22kya) and the WEST group (~15kya). In 

contrast, we found the lowest Hd, π, and MPD 

values in the SOUTH group. Also, comparatively 

higher R2 statistics, higher r-value, slightly multi-

modal mismatch distribution pattern, and 

insignificant Fs and D statistics proposed a 

relatively stable population size over time in this 

group. However, we observed a much older 

demographic expansion time (~28kya), significant 

SSD value, comparatively smaller Ne (<1000), and 

M (<50) values. 

 

Table 6. Descriptive statistics of the studied 

population groups 
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Figure 4: The mismatch distributions of 359bp 

long mtDNA HV1 sequences of 40 Indian 

populations. (A) East Indian population, (B) North 

Indian Population, (C) South Indian population, 

and (D) West Indian population. The x-axis 

indicates the number of pairwise nucleotide 

differences, and the y-axis indicates their 

simulated frequency 

 

Estimating probable migration events 

 

Finally, we tried to predict the most possible 

courses of migration in mainland India from the 

observed mtDNA haplotypes. We evaluated the 

log-marginal likelihoods to compare different 

migration models in MIGRATE-n, and the 

migration model, model#19, showed the maximum 

(-1101.9) log-marginal likelihood compared to 

other models (Supplementary Table S6), whose 

model probability was 56.9% and showed five 

forward and five backward migration events.  

Figure 5 depicts the detailed directional bilateral 

migration plot for this model. 
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Figure 5: The directional bilateral migration plot 

for the source-sink migration dynamics among the 

studied Indian groups based on the mtDNA 

sequence variations. In this circos plot, the width 

of migration curves indicates the amount of 

migration. Both arrows illustrate the directions of 

the curves at the end (with the arrowhead) and a 

height difference. The ticks in the outer circle are 

showing the proportion of the migration events. 

 

Discussion 

 

In this study, we assessed two Precision ID 

mtDNA panels on randomly collected unrelated 

individuals from four zones of India to determine 

the most suitable panel for challenging samples. 

We also aimed to evaluate mtDNA HGs diversity 

and the probable course of migration that led to the 

current mainland Indian populations in the studied 

regions. Based on this, we attempted to identify 

region-specific hotspot mtDNA polymorphisms 

useful for human identification. The demographic 

characteristics of the studied individuals showed 

statistically insignificant differences in the gender-

wise distribution of age and region (Table 2), 

which follows our selection of Age and Ethnicity 

matched individuals and suggested that we 

adequately performed random sampling (24). 

 

Detailed descriptive statistics of our sequencing 

run results showed the effectiveness of both panels 

for challenging DNA samples. However, our 

comparative analysis recommended the use of the 

CR Panel in human identification or any other 

forensic applications (Supplementary Table S4), 

as this would be much cheaper and less time-

consuming compared to the WG panel for a large 

number of samples, and more importantly, it can 

predict mtDNA HGs much quickly and accurately. 

Additionally, the position-wise distribution of π 

across the mtDNA D-loop region accurately 

identified different segments of the control region 

(Supplementary Figure S3), which, in turn, proves 

the effectiveness of the studied panel. 

 

Previously, a study proposed that the Eurasian and 

Oceanian founder mtDNA macro-HG M, N, and R 

coexisted in South Asia, which were co-migrated 

intact along the southern coastal route across 

Arabia to India in one wave after the exit of 

modern humans from Africa at ~60kya (25), and 

subsequently differentiated into different sub-HGs 

in different regions (26). However, the deep-rooted 

lineages of macro-HG M in existing Indian 

populations suggested in situ origin of these HGs 

in South Asia (probably in India), which were not 

language-specific and dispersed over all the 

language groups in India (27). A previous 

autosomal marker-based study also showed the 

existence of the Ancestral North Indians (ANI) 

component associated with the Central Asians in 

the modern Indian populations (28). Similarly, in 

another study, the presence of the Ancestral 

Austro-Asiatic (AAA) component was observed in 

mainland Indian populations (29), and a recent 

study has indicated that these Austro-Asiatic (AA) 

speakers have maintained a maternal genetic link 

between Northeast and Mainland India (17). 

 

Consequently, in this study, the macro-HG M was 

predominant (78.3%; 18/23) and presented in East, 

West, and North India (Supplementary Table 

S3), which was due to the influence of Indo-

European (IE) and AA speakers. Thus, we found 

that our studied populations clustered as per ML 

phylogeny, that is, based on linguistic affiliations, 

accurately predicting the best genetic structure 

model. Besides, the haplotype analysis showed 

69.2% (18/26) unique haplotypes (Table 4), which 

suggested that an elevated mtDNA D-Loop 

variations exist among these populations (30), and 

shifting from the endogamous nature towards free-

mixing or spreading of IE language within Eurasia 

(31). Thus, we observed relatively high MPD, π, 

and Hd as North > West > East (Table 6). The 

observed mixed ML clusters (Cluster IV, VII, and 

VIII & XIV) support all these findings (Figure 3). 

Furthermore, a unimodal mismatch distribution 

pattern with a slight skewness (Figure 4) and 

significant negative Fu's Fs in these populations 

suggest a recent expansion from a relatively small 

population, for which we observed a larger 

effective population (Ne>1000) and migrant sizes 

(M>50). Besides, the North Indians showed an 

older expansion time (~26kya) than the East 

(~22kya) and West Indians (~15kya), probably due 

to the forward migrations as NORTH → EAST and 

SOUTH → EAST, and some backward migrations 
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as NORTH → WEST and EAST → NORTH, 

SOUTH & WEST (Figure 5). 

 

Next prevalent macro-HGs R and its descendants 

(37.5%) were mostly observed in North and West 

Indian populations, especially the macro-HG U, 

which was found in North Indians (20%), followed 

by the West Indian population (10%). It supports 

that the macro-HG U was brought to India by the 

founder population which led to the Aryan 

invasion of India (32). Likewise, we found North 

Indian Cluster (Cluster XI) and Northern & 

Western cluster (Cluster VI), containing the IE 

speakers (Figure 3). Conversely, we uniquely 

observed ancestral undifferentiated macro-HG R 

(30%) and W (20%) among the South Indians, the 

Dravidian speakers, for which we noticed a South 

Indian-specific deep cluster (Cluster I). We also 

observed macro-HG R in Southern and Western 

Indian groups, which probably reflected that the 

undifferentiated macro-HG R migrated to South 

India with the initial migrants from Africa 

following the southern coastal route through the 

Western Indian corridor at ~50kya (33). 

Consequently, we noticed Southern & Western 

Indian ML clusters (Cluster III & V) and forward 

migration as WEST → SOUTH & NORTH, and 

backward migrations as NORTH & SOUTH → 

WEST (Figure 5). However, the observed 

negative value of the variance among the 

populations within groups in AMOVA may also 

suggest good admixed populations, lacking an 

actual subpopulation structure. 

 

In contrast, none of the haplotypes among South 

Indians was unique (Table 4), suggesting very less 

genetic differentiation in this population bearing 

the Ancestral South Indians (ASI) component (29), 

which was congruent with an earlier study on 

South Indian populations (34). Consequently, we 

observed the lowest MPD, π, and Hd (Table 6). In 

addition, other descriptive statistics for the studied 

demographic parameters suggest that this group 

perhaps underwent a sudden demographic 

expansion in prehistoric times (~28kya), after 

which they have retained a relatively stable 

population size over time. We speculate that the 

prevalence of endogamous nature in this region 

(35), where free-mixing is infrequent, is probably 

responsible for such peculiar observations. 

 

Conclusions 

 

In conclusion, this systematic pilot-scale genetic 

study assessing the Precision ID mtDNA panels on 

unrelated individuals from four zones of India 

recommends the Precision ID CR panel for human 

identification. Additionally, detailed analysis 

reveals that present mainland Indian populations, 

especially North, West, and East Indians, are good 

admixed populations bearing ANI and AAA 

components. They do not have any real 

subpopulation structure due to frequent free-

mixing and rapid spreading of the Indo-European 

language across these regions. However, we saw 

an exception among the South Indians bearing the 

ASI component, as we observed very less genetic 

differentiation among them, probably due to their 

prevailing endogamous societal structure. 

Ultimately, we have identified 13 region-specific 

hotspot positions, of which five positions (16069, 

16169, 16206, 215 & 243) were West Indian-

specific, four positions (16170, 16181, 16185 & 

285) were North Indian-specific, three positions 

(16224, 16344 & 41) were East Indian-specific and 

one position (480) was South Indian-specific. 

However, a further in-depth study with a larger 

cohort and multiple molecular markers is essential 

to validate the findings mentioned above and to 

understand the evolutionary history by evaluating 

the degree of admixture in current Indian 

populations. 
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