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Abstract

With the advent of next-generation sequencing technology, SNP markers are being explored as a useful alternative to con-
ventional capillary electrophoresis—based STR typing. Low mutation rate and short-sized amplicons are added advantages
of SNP markers over the STRs. However, to achieve a sufficient level of discrimination among individuals, a higher number
of SNPs need to be characterized simultaneously. Hence, the NGS technique is highly useful to analyze a sufficiently higher
number of SNPs simultaneously. Though the technique is in its nascent stage, an attempt has been made to assess its usability
in the central Indian population by analyzing 124 SNPs (90 autosomal and 34 Y-chromosome) in 95 individuals. Various
quality parameters such as locus balance, locus strand balance, heterozygosity balance, and noise level showed a good qual-
ity sequence obtained from the Ion GeneStudio S5 instrument. Obtained frequency of SNP alleles ranged from 0.001 to
0.377 in autosomal SNPs. rs9951171 was found to be the most informative SNP in the studied population with the highest
PD and lowest MP value. The cumulative MP of 90 SNPs was found to be 4.76698 x 10737, Analysis of 34 Y-chromosome
SNPs reveals 11 unique haplogroups in 54 male samples with R1al as the most frequent haplogroup found in 22.22% of
samples. Interpopulation comparison by FST analysis, PCA plot, and STRUCTURE analysis showed genetic stratification of
the studied population suggesting the utility of SNP markers present in the Precision ID Identity Panel for forensic demands
of the Indian population.
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Introduction

Present-day forensic DNA analysis relies on the analysis of
short tandem repeat (STR) polymorphism using the cap-
illary electrophoresis (CE) technique. This technique is
widely accepted for databasing as well as analysis of crimi-
nal cases. However, over time, the technology experiences
few limitations of its own. The generation of large-sized
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STR amplicons poses a huge challenge in various biologi-
cal and compromised samples. Besides, low copy number
(LCN) and low template samples, degraded samples, and
samples exposed to harsh environmental conditions generate
low-quality STR profiles due to the high amplicon size of
the conventional STRs. Limited exclusion power in pater-
nity cases and significantly high mutation rate limit the use
of STR markers in motherless paternity and in conditions
where the relative of the tested man is considered as an alter-
native father [1].

To overcome the problems associated with STR-based
forensic DNA analysis, different other genetic markers such
as single-nucleotide polymorphisms (SNPs) and insertion/
deletion (indels) have been explored nowadays. SNP mark-
ers are the most abundant genetic variations in the human
genome occurring once in every 300 nucleotides having a
frequency of minor allele> 1% [2]. SNPs in the genome
arise due to base substitutions, insertions, or deletions at
a single position. Small-sized amplicons, fast genotyping,
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and low mutation rate of SNP markers provide an added
advantage over STR markers in challenging samples. Addi-
tionally, recent researches showed other useful applications
of SNP markers such as determination of parental lineage,
assessment of phenotypic traits, and determination of bio-
geographical ancestry [3].

Despite many advantages, few limitations are associated
with the SNP markers. Due to the biallelic nature of SNPs,
they provide less discrimination between individuals in com-
parison to the multiallelic STR markers. It has been reported
that the same level of discrimination is provided by 50-100
autosomal SNPs in comparison to the currently existing core
STR loci [4, 5]. As it is a huge task to multiplex such as a
huge number of markers for analysis by capillary electropho-
resis, next-generation sequencing (NGS) workflow makes it
easier. NGS allows simultaneous sequencing of a large num-
ber of SNP markers in a huge number of samples at a lesser
time. High coverage sequencing also facilitates ultimate
single-nucleotide resolution, and the associated automated
techniques minimize human intervention. Analysis of SNPs
using NGS technology provides added advantage over CE-
based technology by generating less artifacts such as stutter
products and no noise due to fluorescence. However, lack of
sequence interpretation guidelines, high cost, non-availabil-
ity of population-specific sequence databases, limited study
on forensic samples, and complicated workflow limits the
current use of NGS technology in forensic DNA analysis.
Though many commercial kits are available nowadays for
simultaneous analysis of a large number of SNP markers,
the Precision ID Identity Panel (Thermo Scientific) allows
the simultaneous detection of 90 autosomal SNPs and 34 Y
upper-clade SNPs.

The application of NGS-based SNP panels is still in its
nascent stage. Various community panels are being devel-
oped to predict the biogeographic ancestry, phenotype,
and mixture prediction to provide investigative leads [6,
7]. Though the International Society of Forensic Genetics
(ISFG) has envisioned the effective use of SNPs to solve
complicated forensic cases in conjugation with STRs,
a detailed recommendation is still pending in this regard
[8]. Thus, the SNP kits available in the market need to be
explored in various global populations before commencing
their application in real-time forensic case works. In this
regard, an attempt has been made to explore the forensic
usability of 124 SNP markers present in the Precision ID
Identity Panel (Thermo Scientific) in the central Indian pop-
ulation. This is the first report of a South Asian population
exploring SNP genomics using Precision ID Identity Panel
and Ion GeneStudio™ S5 System (Thermo Scientific, USA).
India has a rich migration history and the present-day Indian
population is considered to be a mixture of Ancestral North
Indians (ANI) related to Central Asians, Middle Eastern-
ers, Caucasians, and Europeans and Ancestral South Indians
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(ASI) mostly the tribal populations [9]. The state of Mad-
hya Pradesh of India is present at the center of the country
sharing its boundaries with five other neighboring states.
Madhya Pradesh harbors a total of 46 tribal populations, the
highest in India. The most common tribal populations inhab-
iting in Madhya Pradesh include Bhil, Kol, Korku, Sahariya,
and Baiga. Thus, the exploration of SNP diversity in the
central Indian population can give rise to the representative
genetic print of pan India.

Materials and methods
Ethical statement

The samples used in this study were collected from the sam-
ple donors after obtaining written informed consent from
them. During sample collection and experimentations,
the ethical principles mentioned in the Helsinki Declara-
tion were followed strictly. Before commencing this study,
approval was obtained from the Ethics Committee at the
Maharani Laxmi Bai Medical College, Jhansi, India (Ref.
No. 4648/IEC/2020/SC-1).

Sample collection, DNA extraction,
and quantification

A total of 95 samples were collected (54 males and 41
females) from the central Indian population. The blood
samples were collected from the participants after obtain-
ing written informed consent. The peripheral liquid blood
samples collected in K,EDTA vials were stored at 4 °C
until further use. Genomic DNA was extracted from the
blood samples by following recommended protocol of the
manufacturer using AutoMate Express™ Forensic DNA
Extraction System (Thermo Scientific, USA) and PrepFiler
Express™ Forensic DNA Extraction Kit (Thermo Scien-
tific, USA). Extracted genomic DNA was subjected to quan-
tification using QuantStudio™ 5 Real-Time PCR System
(Thermo Scientific, USA) using Quantifiler® Trio DNA
Quantification Kit (Thermo Scientific, USA). Further, the
DNA samples were normalized to 1.0 ng/ul in TE buffer and
stored at — 20 °C until further use.

Library preparation

DNA libraries were prepared on Ion Chef™ Instrument
(Thermo Scientific, USA) using Precision ID Identity Panel
(Thermo Scientific, USA) following the recommended
protocol. During the library preparation, samples were
grouped using Precision ID IonCode™ Barcode Adapters
1-32 Kit (Thermo Scientific, USA). After preparation of
libraries, they were quantified using Ion Library TagMan™
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Quantitation Kit (Thermo Scientific, USA) following the
manufacturer’s guidelines. Libraries were diluted to 30 pM
and an equimolar mixture of the libraries was prepared. Fur-
ther, emulsion PCR and Chip loading were performed on
Ton Chef™ Instrument (Thermo Scientific, USA) using the
template preparation module.

Sequencing and sequencing parameters

Sequencing was performed on an Ion GeneStudio™ S5
System (Thermo Scientific, USA) using Ion 530™ Chip.
For sequencing, a flow rate of 500 was maintained besides
other sequencing parameters to be the default. The efficiency
of sequencing was assessed by various parameters such as
percentage of loading, enrichment, the clonal, final library
of Ion Sphere Particle (ISP). Mean read length, percentage
of aligned bases, and percentage of mean raw accuracy were
also assessed before considering a sequencing result.

Data analysis

The sequencing results were analyzed using Converge™
Software (Thermo Scientific, USA). For allele and geno-
type calling, the recommended thresholds of various param-
eters were maintained for minimum allele frequency (0.1),
minimum coverage (20), minimum coverage on either strand
(10), maximum strand bias (1), MAF(Hom) (95), MAF(Het)
(35-65), mean autosomal coverage (10), and Mean Y cover-
age (20). Further, using Converge module, the random match
probability (RMP) of each profile was calculated and the
haplogroup of each male profile was determined.

Statistical analysis

Forensic and population parameters such as allele frequen-
cies, observed heterozygosity (Ho), expected heterozygosity
(He), match probability (PM), probability of exclusion (PE),
polymorphic information content (PIC), power of discrimi-
nation (PD), typical paternity index (TPI), linkage disequi-
librium (LD), Hardy—Weinberg equilibrium (HWE), and
pairwise Fgp along with different world populations were
performed using STRAF online software (available online at
http://cmpg.unibe.ch/shiny/STRAF/) and Arlequin 3.5.2.2.
[10, 11]. Population data obtained from 1000 Genomes Pro-
ject (available online at www.ensembl.org/Home_sapiens/
Info/Index) and the Brazilian population [12] were used for
the analysis. Multidimensional scaling analysis (MDS) based
on pairwise FST distances and principal component analysis
(PCA) of worldwide population allele frequencies were cal-
culated using the STRAF online software. Genetic structure
among 27 different world populations was carried out using
STRUCTURE v.2.3.4 software. Pairwise Fgp distances data
was used to draw cladogram graphics employing Molecular

Evolutionary Genetics Analysis v7.0 (MEGA v7.0) software
[13] using the neighbor-joining (N-J) method. Y haplogroup
was determined using Converge software and the Y haplo-
group frequencies were determined by direct counting.

Results and discussion

Sequencing performance of Precision ID Identity
Panel

Three 530 chips were used for sequencing the 124 identity
SNP markers. The obtained quality parameters to assess
the sequencing performance of samples in three chips are
given in Table S1 (Supplementary file). The total number
of reads in the sequencing results varied from 10,690,984
to 13,893,772. Loading of ion sphere particles (ISPs) in the
chips and percentage enrichment of ISPs were found at a
higher value suggesting the efficiency of emulsion PCR
and chip-loading process. Similarly, a higher percentage
of aligned reads (99.9-100%) and aligned bases (91-94%)
with higher mean raw accuracy (99.0-99.1%) suggests the
good quality of obtained sequences of the SNP markers.
Various statistical parameters were applied to evaluate the
efficiency of 124 SNPs using the Precision ID Identity Panel.
A two-fold higher average coverage of 90 autosomal SNPs
(3606.240 +1909.396) was found than that of the 34 upper
Y-clad SNPs (1657.883 +753.572). A similar result has also
been observed when the same panel is sequenced using Ion
PGM sequencer in the Brazilian population [12]. The aver-
age percentage of + ve strand coverage was found to be in
a similar range in both autosomal SNPs (48.721 +4.814)
and Y-chromosome SNPs (48.498 +8.351). Both these
values are close to the recommended 50% level of the + ve
strand coverage percentage value. This suggests the genera-
tion of high-quality sequences determined by the consensus
sequences obtained from both positive and negative primers.

Further, the sequencing performance of the Precision
ID Identity Panel was assessed marker-wise by calculat-
ing the locus balance, locus strand balance, heterozygous
balance of autosomal SNPs, and percentage of the noise
of all SNPs following Avila et al. [12] (Fig. 1). Locus bal-
ance (LB) was calculated by measuring coverage of each
locus by average coverage of all loci per sample. An ideal
LB value of 1 was achieved by most of the autosomal and
Y-chromosome loci. Two autosomal SNPs, i.e., rs1498553
and rs1413212 (0.979), showed the lowest LB values in
comparison to all SNPs tested. Similarly, locus strand bal-
ance was assessed by estimating forward strand coverage
divided by total locus coverage. With a 0.5 optimal value,
most of the tested loci showed a similar value with the high-
est deviation observed at rs876724 (0.596) and rs733164
(0.241). Heterozygous balance (HB) was assessed only for
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Fig. 1 Marker-wise quality parameters to assess sequencing perfor-
mance of the Precision ID Identity Panel. Open whiskers represent
values for average plus standard deviation, while capped bars indicate
maximum or minimum values. a Locus balance of all SNPs calcu-
lated as coverage of each locus divided by mean coverage of all locus

90 autosomal SNPs included in this study by calculating
the coverage ratio of one allele to the other for heterozy-
gous genotypes only. With the optimal value of 1, none of
the markers showed significant variation except 1s7520386
(1.453). Finally, the noise level of each SNP was evaluated
by dividing coverage of non-alleles by total locus coverage,
the ideal value of which should be 0. Most of the SNPs
showed an absolute 0 noise level after sequencing. However,
autosomal SNPs with observed higher noise level include
rs445251 (0.062), rs321198 (0.042), rs1109037 (0.032), and
rs1031825 (0.028). Similarly, Y-chromosome SNPs with
higher noise level includes rs16981290 (0.034), rs2534636
(0.022), and rs2032673 (0.015). However, in comparison
to the previous study [12] using the same panel in the Ion
PGM™ sequencer, the present study showed significant
high-quality data for all the quality parameters tested. This
suggests that the use of an automated platform for library
preparation, templating, and sequencing by Ion GeneStudio
S5 minimizes the noise level and increases the quality of
SNP sequences. In a similar line, van der Heijden et al. [14]
also advocated the use of Ion Chef™/Ion S5™ workflow for
better quality sequencing results and less hands-on time in
the laboratory in comparison to the manual library prepara-
tion procedure.

Only single source DNA samples were taken into con-
sideration for SNP genotype determination in this study.
Mixture analysis was not performed, and it is envisioned
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per sample. b Locus strand balance of all SNPs calculated as forward
strand coverage divided by total locus coverage. ¢ Heterozygous bal-
ance of autosomal SNPs calculated as coverage ratio of one allele to
the other. d Percentage of noise of all SNPs calculated as coverage of
non-alleles divided by total locus coverage

that biallelic nature of SNPs will provide less useful infor-
mation for mixture analysis as they are not as discriminat-
ing as STRs and it is immensely difficult to determine the
number of contributors in a mixed sample by SNP analysis
only. However, as NGS technology provides quantitative
data of each allele in terms of coverage, Petrovick et al. [15]
used low minor allele frequencies to analyze complex DNA
mixtures using NGS. Additionally, another study demon-
strated major: minor SNP allele ratio approach to estimate
the contributor’s proportion in a mixed sample [16]. Hence,
the quantitative SNP genotype determination through NGS
approach is also helpful in complex mixture analysis.

Forensic parameters of 124 SNPs for the central
Indian population

Complete SNP genotypes for 124 SNPs included in this
panel are given in Supplementary Table S2. Representa-
tive forensic and paternity parameters of the 90 autosomal
SNPs are given in Supplementary Table S2. However, the
detailed allele frequencies and other forensic parameters
of 90 autosomal SNPs are given in Table S3 (Supplemen-
tary file). The highest frequency of T (0.831) and lowest
frequency of C (0.168) was observed at rs873196 among
all the SNPs tested in the studied population. A previous
study on the central Indian population reported the allele
frequency of STR markers in the range of 0.001 to 0.377
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[17]. As most of the SNP markers are biallelic, most of
the previous studies have also reported the allele frequen-
cies in a similar line in the US, African-American, and
Hispanic populations [18, 19]. Out of 90 polymorphic loci,
the highest observed heterozygosity and expected hete-
rozygosity were found at rs964681 (0.610) and rs993934
(0.549), respectively, whereas the lowest observed (0.242)
and expected (0.260) heterozygosity were recorded at
rs10495407 and rs938283, respectively. In the studied cen-
tral Indian population, rs938283 showed the lowest PIC,
and PD, and the highest PM among 90 SNPs. The highest
PIC was observed at rs993934, whereas rs9951171 showed
the lowest MP and highest PD. Similarly, rs964681 and
rs10495407 showed the highest and lowest PE and TPI
among the SNPs tested. P values of HWE tests of all loci
have been represented in Table S3 (Supplementary File).
Out of 90 autosomal SNPs, four of them, i.e., rs1024116,
rs1736442, rs1979255, and rs2342747, showed significant
deviation (p <0.05) (Table S4). Such HWE deviations of
the autosomal SNP markers may be a result of genetic
stratification observed in the central Indian population.
Statistical significance level was updated to 1.23 x 107
after Bonferroni correction, where original significance
level (0.05) was divided by the total number of executed
pairwise comparisons. Thirty-four SNP marker pairs
(highlighted in Table S5) displayed significant linkage
disequilibrium. For these 34 SNPs showing linkage dis-
equilibrium, the conservative approach was applied in the
statistical analysis (with the use of Bonferroni method and
consequent significance level threshold reduction) was
adopted to effectively minimize the possibility of such
results being observed by chance only. Therefore, statisti-
cal support for effective occurrence of linkage disequilib-
rium in these 34 marker pairs is strong enough to suggest
that such phenomenon is actually present in Central India
population.

Fig.2 Predicted Y-chromosome 14 -
haplogroups in the central
Indian population based on 34
upper-clade Y-SNPs (n=>54)

No. of occurences

When PM and PE were calculated under the assumption
of independence, the cumulative PM and PE of all studied
SNP markers in the central Indian population were calculated
as 4.76698 x 107 and 0.99999692962281, respectively. Pre-
vious studies on the central Indian population reported the
cPM and cPE values as 1.11x 107 and 0.999998 when 20
CODIS STR loci are used [20]. This signifies higher poly-
morphism and discriminatory power of the 90 autosomal
SNPs, and they can be used in the identification and kinship
analysis for forensic purposes. Combinatorial use of STR
and SNP markers has been reported to further increase the
combined RMP to 3.21 x 107 in the Northeastern Peruvian
Andes populations [21]. Thus, population-specific analysis
of autosomal SNP markers will further explore their useful-
ness in the human identification process.

Y haplotype analysis using 34 Y upper-clade SNPs

Thirty-four Y upper-clade SNPs were analyzed in 54 male
individuals included in this study. Based upon the obtained
haplotypes, haplogroups were predicted using Converge
software. A total of 11 distinct haplogroups were observed
in 54 samples (Fig. 2). Out of which, haplogroup R1al was
found in 22.22% of samples, whereas haplogroup 1J and R
were found in 1.85% of samples. Other predicted haplo-
groups include H1 (20.37%), R2 (12.96%), 02 & G (9.26%
each), J (7.41%), L & C (5.55% each), and Q (3.70%). Hap-
logroup R1al has been widely reported in Eurasia, Central
Asia, and the Indian subcontinent based on Y-STR analy-
sis [22]. Other studies have also reported R (38.50%), H
(16.10%), L (11.20%), and J (11.10%) haplogroups in Indian
populations [23]. Another study on the Indian population
also predicted R1a, H, and L haplogroups in 51.5%, 16.2%,
and 15.8% samples which was concordant with the predicted
haplotypes using 34 Y upper-clade SNPs in the present study
[24]. Though the number of samples used in this study to

1 J L 02 Q R
Observed Haplogroups

Rlal R2
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Fig.3 PCA plot to evaluate the relativeness of the central Indian
population with other global populations. The PCA plot was auto-
matically generated by STRAF analysis tool (STRAF Job Id:
1,629,489,656). Each point represents an individual, colored accord-
ing to the subject’s biogeographic origin. For each distinct popula-
tion, the 95% confidence ellipse is also presented (representing the
region containing 95% of samples belonging to the group, drawn
from the underlying Gaussian distribution), with the same color pat-
terns as the individuals belonging to the group

predict the haplotypes is less, 34 Y upper clade SNPs are
envisioned to predict appropriate haplogroups to understand
paternal lineage in the central Indian male individuals.

Interpopulation studies

To study the relatedness of the central Indian population
with 27 other global populations, pairwise Fgr values
were calculated based on 88 overlapped autosomal SNPs
(Table S6, Supplementary file) and the obtained heatmap
result is given in Fig. S1. Calculated Fg values of the cen-
tral Indian population (INC) with other global populations
ranged from 0.074 to 0.139. Populations such as the Brazil-
ian population (BRA) (0.074073337); the Mexican Ances-
try in Los Angeles, CA, USA (MXL) (0.123872582); the
African ancestry in SW USA (ASW) (0.126350027); the
Toscani in Italia (TSI) (0.126886487); and Colombian in
Medellin, Colombia (CLM) (0.127857129) showed close
affinity with the central Indian populations. Considering the
population data from other regions, the central Indian popu-
lation showed the most genetic distance with the African
population followed by East Asian populations. However, a
close similarity was observed with the South Asian popu-
lation, European populations, and American populations.
First and second principal components were evaluated as
PCA plot (Fig. 3) and were used to evaluate the relevance
of genetic distance among different global populations with
respect to the central Indian populations. AFR, AMR, and
EUR populations and EAS populations clustered in extreme
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Fig.4 Genetic distance evaluation for inter population analy-
sis of 27 worldwide populations and the central Indian popula-
tion, presented as a MDS plot based on pairwise FST values for
88 overlapped autosomal SNPs included in Precision ID Identity
Panel (S-Stress=0.09302 RSQ=0.96082). Acronyms used are
STU, Sri Lankan Tamil in the UK; PJL, Punjabi in Lahore, Paki-
stan; ITU, Indian Telugu in the UK; GIH, Gujarati Indi-
ans in Houston, Texas, USA; BEB, Bengali in Bangladesh; TSI,
Toscani in Italia; IBS, Iberian populations in Spain; GBR, Brit-
ish from England and Scotland; FIN, Finnish in Finland; CEU,
Utah residents with Northern and Western European ancestry from

@ Springer

the CEPH collection; KHV, Kinh in Ho Chi Minh City, Vietnam;
JPT, Japanese in Tokyo, Japan; CHS, Han Chinese South, China;
CHB, Han Chinese in Beijing, China; CDX, Chinese Dai in Xish-
uangbanna, China; PUR, Puerto Rican in Puerto Rico; PEL,
Peruvian in Lima, Peru; MXL, Mexican Ancestry in Los Ange-
les CA United States; CLM, Colombian in Medellin, Colombia;
YRI, Yoruba in Ibadan, Nigeria; MSL, Mende in Sierra Leone;
LWK, Luhya in Webuye, Kenya; GWD, Gambian in Western Divi-
sion — Mandinka; ESN, Esan in Nigeria; ASW, African ances-
try in SW USA; ACB, African Caribbean in Barbados; BRA, the Bra-
zilian population; INC, the Central Indian population
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positions, whereas the currently evaluated central Indian
population (INC) clustered along with the SAS popula-
tions. The PCA plot was automatically generated by STRAF
analysis tool (STRAF Job Id: 1,629,489,656). Each point
represents an individual, colored according to the subject
biogeographic origin. For each distinct population, the 95%
confidence ellipse is also presented (representing the region
containing 95% of samples belonging to the group, drawn
from the underlying Gaussian distribution), with the same
color patterns as the individuals belonging to the group. This
is following the geographical limitations, genetic, historical,
or ethnographic information of the individuals included in
this study [25, 26]. Thus, the PCA plot further strengthens
the relatedness among the central Indian population with
other South Asian populations based on 88 overlapped auto-
somal SNPs. It shows that the influence of continental origin
or ethnicity (as indicated by colors) is not strong enough to
provide a good separation of the samples. This information
is clear in the graphic, as well as in the low percentage of
total variation represented by these components (presented
near both axes). Keep in mind that the panel is not designed
for ancestry determination, but to human individualization
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Fig.5 Population structure of the central Indian population (INC)
along with other 27 global populations on the basis of 88 overlapped
autosomal SNPs. Acronyms used are STU, Sri Lankan Tamil in
the UK; PJL, Punjabi in Lahore, Pakistan; ITU, Indian Telugu in
the UK; GIH, Gujarati Indians in Houston, Texas, USA; BEB, Ben-
gali in Bangladesh; TSI, Toscani in Italia; IBS, Iberian populations
in Spain; GBR, British from England and Scotland; FIN, Finn-
ish in Finland; CEU, Utah residents with Northern and Western
European ancestry from the CEPH collection; KHV, Kinh in Ho
Chi Minh City, Vietnam; JPT, Japanese in Tokyo, Japan; CHS, Han
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instead. To visualize population-based separation, the MDS
image is presented in Fig. 4.

For further characterization of the genetic differences
among different global populations with the central Indian
population, the Bayesian interference method was studied by
STRUCTURE software (Fig. 5). All populations displayed
clear distinct clusters as per their geographical origin with
the currently studied central Indian population (INC) clus-
tering with other South Asian populations. This further
strengthens the utility of autosomal SNPs in population data
analysis in the central Indian population. Previous genetic
analysis on Indian populations has revealed their descend-
ants from Central Asians, Middle Easterners, Caucasians,
and Europeans [9]. Studies have also revealed the African,
Chinese, and Great Andamanese ancestry of varied Indian
populations based on analysis of 560,123 autosomal SNPs
[27]. This is consistent with the history of the Arab slave
trade, and Tibeto-Burman language-speaking inhabitants in
the Indian population [28]. The presence of Indo-European
populations in many Indian states [29] has also supported
the European association of the currently studied central
Indian population by autosomal SNP analysis.
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Chinese South, China; CHB, Han Chinese in Beijing, China; CDX,
Chinese Dai in Xishuangbanna, China; PUR, Puerto Rican in Puerto
Rico; PEL, Peruvian in Lima, Peru; MX,: Mexican Ancestry in Los
Angeles, CA, USA; CLM, Colombian in Medellin, Colombia;
YRI, Yoruba in Ibadan, Nigeria; MSL, Mende in Sierra Leone;
LWK, Luhya in Webuye, Kenya; GWD, Gambian in Western Divi-
sion — Mandinka; ESN, Esan in Nigeria; ASW, African ances-
try in SW USA; ACB, African Caribbean in Barbados; BRA, the Bra-
zilian population; INC, the Central Indian population
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Conclusions

Forensic DNA analysis is witnessing a paradigm shift from
the conventional capillary electrophoresis—based STR typ-
ing to next-generation sequencing of SNP markers. Low
mutation rate and short-sized amplicons are added advan-
tages of SNP markers over the STRs. However, to achieve
a sufficient level of discrimination among individuals, a
higher number of SNPs need to be characterized simul-
taneously. Hence, the NGS technique is highly useful to
analyze a sufficiently higher number of SNPs simultane-
ously. Though the technique is in its nascent stage, an
attempt has been made to assess its usability in the central
Indian population by analyzing 124 SNPs (90 autosomal
and 34 Y-chromosome) in 95 individuals. Various quality
parameters such as locus balance, locus strand balance,
heterozygosity balance, and noise level showed a good-
quality sequence obtained from the Ion GeneStudio S5
instrument. Obtained frequency of SNP alleles ranged from
0.001 to 0.377 in autosomal SNPs. rs9951171 was found
to be the most suitable SNP in the studied population with
the highest PD and lowest MP value. The cumulative MP
of 90 SNPs was found to be 4.76698 x 107", Analysis of 34
Y-chromosome SNPs reveals 11 unique haplogroups in 54
male samples with R1al as the most frequent haplogroup
found in 22.22% of samples. Interpopulation comparison
by FST analysis, PCA plot, and STRUCTURE analysis
showed genetic stratification of the studied population
suggesting the utility of SNP markers present in the Preci-
sion ID Identity Panel for forensic demands of the Indian
population.
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