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ABSTRACT Population substructure analysis and ancestry tracing are the critical issues for association studies of
health, behaviors and forensic genetics. STR (short tandem repeat) markers are being extensively used to analyze
genetic diversity among the populations. In the present study, allele frequencies and statistical pa rameters were
estimated with 15 STR loci from 208 unrelated individuals from Delhi (India). A total of 146 alleles was found with
corresponding allelic frequencies ranging from 0.001 to 0.3869. The MP (matching probability), PD (power of
discrimination), PIC (polymorphism information content), PE (power of exclusion) and TPI (typical paternity
index) ranged from 0.035 to 0.146, 0.854 to 0.965, 0.65 to 0.850, 0.416 to 0.774, and 1.76 to 4.52, respectively.
Deviations were observed from the Hardy-Weinberg Equilibrium for D16S539, D18S51, D21S11 and TPOX
Markers. The genetic proximity of the studied population was observed with central Indian population. The
population’s genetic structure analysis of this population can assist to contrive future genetic stu dies.
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INTRODUCTION

Short tandem repeats are repeated after ev-
ery ten thousand nucleotides and constitute
three percent of the total genome (Butler 2015).
Their widespread distribution, relatively low in-
cidence of mutation, ease of multiplexing and
high statistical capability of discrimination and
individualization made these markers routine for
forensic, anthropological and medical studies
since last two decades (Osman et al. 2015). These
markers are suitable for analyzing degraded, con-
taminated and minute amounts of human DNA
samples (Jha et al. 2012; Brinkmann 1992).
Throughout history, society had been ranked
on the basis of caste, race, region, ethnicity, gen-
der, age and socioeconomic status. It is ethnici-
ty and racial discrimination that distinguishes
one nation from the other (Tamang et al. 2012).
The STR based population data is increasing

with add-on numbers of laboratories employing
this technology (Narkuti et al. 2008; Dubey et
al. 2009; Ghosh et al. 2011; Chaudhari and Da-
hiya 2014; Preet et al. 2016; Yadav et al. 2016;
Shrivastava et al. 2017). The studies have been
conducted on Delhi random and Rajput popula-
tion (Chauhan et al. 2015, Raina et al. 2009) and
the allelic frequencies were observed for these
populations.

The present study was accomplished to de-
termine the allele frequencies for 15 short tan-
dem repeats (STR) loci, forensic and genetic di-
versity parameters from 208 individuals under-
going paternity testing from the capital region
of India. The National Capital Territory of Delhi
is located at 28.61oN 77.23oE and lies in northern
India. It is the largest city in the country as it
covers an area of 1484 km2, of which approxi-
mately fifty-three percent area is designated as
rural, and rest forty-seven percent is urban (Cen-
sus of India 2011). Delhi is the second most pop-
ulated city in the world with 18.25 million people
with 79.8 percent Hindu population (Statistical
Abstract of Delhi 2016). Approximately 2-3 lakh
people settle in Delhi permanently from other
states of India per year due to higher employ-
ment and education opportunities.
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Objectives

The aim of this study was two-fold, one was
to determine the genetic structure of Delhi pop-
ulation and the second objective of the study
was to evaluate the importance of STR loci for
forensic genetic analysis purposes.

METHODOLOGY

Samples

A total of 208 unrelated (as stated in their iden-
tification form) individual casework samples were
collected as the source of the study samples.

DNA Extraction, PCR Amplification and
Genotype Determination

The organic extraction method was utilized
to extract DNA from blood samples (Sambrook
et al. 1989). DNA amplification was carried out
by using the Amp FlSTR® Identifiler® PCR Am-
plification Kit containing 15 Autosomal STR
markers (D8S1179, D21S11, D7S820, CSF1PO,
D3S1358, THO1, D13S317, D16S539, D2S1338,
D19S433, vWA, TPOX, D18S51, D5S818 and
FGA) with amelogenin marker for gender deter-
mination. DNA purification, PCR amplification
and genotype determination were carried out by
following the standard protocols provided by
Applied Biosystems (Applied Biosystems 1998).

Data Analysis

The statistical parameters of population ge-
netics and forensic utility of these markers was

evaluated by calculating the allele frequencies,
matching probability (MP), polymorphism infor-
mation content (PIC), typical paternity index
(TPI), power of discrimination (PD) and power
of exclusion (PE) using Powerstats software ver-
sion 1.2 (Promega Corporation 2009). The popu-
lation’s genetic structure deviation from Hardy-
Weinberg equilibrium (p), observed heterozy-
gosity (Ho) and expected heterozygosity (He)
were calculated using methods implemented in
the Arlequin V3.5 software (Excoffier et al. 2005).

Quality Control

Allelic ladder and positive control DNA pro-
vided along with AmpFlSTR® Identifiler® PCR
Amplification kit were used for quality control.

RESULTS

Allele frequencies for the 15 STR loci in the
AmpFlSTR® Identifiler® and statistical param-
eters were estimated from a sample of 208 unre-
lated individuals from Delhi. The observed and
expected allele frequencies and statistical pa-
rameters based on the 15 STR loci in Delhi pop-
ulation are summarized in Table 1. The allelic
variation was observed from 6 (THO1, TPOX,
and D5S818) to 17 (D21S11, D18S51 and FGA).
These 15 STR markers are found to be highly
polymorphic in the populations. A total of 146
alleles was observed at 15 STR loci with accom-
panying allelic frequencies ranging from 0.0028
to 0.3966 in the Delhi population (Table 2). The
number of alleles varied from 7 (CSFIPO) to 14
(D18S51). Though, the number of alleles was
high, the number of effective alleles was com-

Table 1: The observed and expected heterozygosity in the Delhi population of North India

Locus Sample size Obs_Hom        Obs_Het          Exp_Hom*       Exp_Het*         Nei**   Ave_Het

D8S1179 208 0.1285 0.8715 0.151 0.849 0.8466 0.8466
D21S11 208 0.162 0.838 0.1351 0.8649 0.8625 0.8625
D7S820 208 0.162 0.838 0.1929 0.8071 0.8048 0.8048
CSF1PO 208 0.3296 0.6704 0.2852 0.7148 0.7128 0.7128
D3S1358 208 0.2402 0.7598 0.2398 0.7602 0.7581 0.7581
THO1 208 0.2011 0.7989 0.1911 0.8089 0.8067 0.8067
D13S317 208 0.1508 0.8492 0.1841 0.8159 0.8136 0.8136
D16S539 208 0.1955 0.8045 0.19 0.81 0.8078 0.8078
D2S1338 208 0.1061 0.8939 0.1299 0.8701 0.8677 0.8677
D19S433 208 0.162 0.838 0.1641 0.8359 0.8336 0.8336
VWA 208 0.2346 0.7654 0.2212 0.7788 0.7766 0.7766
T PO X 208 0.2793 0.7207 0.266 0.734 0.732 0.732
D18S51 208 0.2291 0.7709 0.1586 0.8414 0.839 0.839
D5S818 208 0.2793 0.7207 0.3008 0.6992 0.6972 0.6972
FGA 208 0.1955 0.8045 0.1389 0.8611 0.8587 0.8587
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paratively low for a few loci, that is, TH01, D5S818
and D3S1358. The expected heterozygosity was
significantly high in case of D8S1179, FGA,
D2S1338 whereas it was quite low for D5S818,
CSFIPO. The expected heterozygosity and the
power of discrimination calculated from allele
frequencies obtained from Delhi population re-
vealed that in combination, the 15 autosomal
STRs have a high forensic efficacy. There was
not much variation between observed and ex-
pected heterozygosity. The MP, PD, PIC, PE and
TPI ranged from 0.035 to 0.146, 0.854 to 0.965,
0.65 to 0.850, 0.416 to 0.774, and 1.76 to 4.52,
respectively. Nei’s unbiased genetic distances
(Nei 1978) were measured and the population
was compared with previously studied Indian
populations for genetic distance (Ashma and
Kashyap 2002; Sarkar and Kashyap 2002;  Tan-
don et al. 2002; Agrawal and Khan 2005; Moha-
patra et al. 2004; Mohpatra et al. 2016; Yadav et
al. 2016; Shrivastava et al. 2017). The clustering
of the Delhi population was observed with cen-
tral Indian populations as the least genetic dis-
tance was observed in these populations.

 DISCUSSION

Great variation in the total number of alleles
and effective number of alleles was observed in
the studied population. The higher value of com-
bined matching probability in the present work
also proved to be suitable for forensic applica-
tions. The observed and expected heterozygos-
ity was comparable with the previously studied
Delhi population (Raina et al. 2009) but variation
was observed from Delhi’s Rajput population
(Chauhan et al. 2015). When compared to the
previously studied Indian populations, it was
observed that the population is having least
genetic distance with Madhya Pradesh’s popu-
lation (Sarkar and Kashyap 2002) and the high-
est genetic distance was observed from the Pa-
tel community of Gujarat (Mohapatra et al. 2004).
The variation was revealed by computing DA
distances and represented in the form of the
Neighbor Joining Tree (Fig.1). Among the stud-
ied populations, Delhi’s population was found
clustered along with Central Indian population
(Sarkar and Kashyap 2002). However, the tribal

Fig. 1. Phylogenetic relationships of Delhi Population with other Indian populations conducted with
MEGA6

Tribal Hmar
Tribal Mara

MP Gond
Chitpavan

TMV

Desasht
TTK

Delhi
Central India

KS Muslim
Bihar Brahman

MP Brahmin
Bhihar Bhumihar

Vaish
Ch Brahmin

Craon
UP-Kurmi
UP Jat

Saraswats

Thakur
Khatri

Patel
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populations were far apart from this popula-
tion (Shrivastava et al. 2017). Populations from
Uttar Pradesh (Kurmi, Jat, Thakur) (Tandon et
al. 2002) and Saraswat Brahmins (Yadav et al.
2016) and Kasmiri Muslims (Mohpatra et al.
2016) were observed to have comparatively high
genetic distance from Delhi population, indi-
cating less genetic mixing in these populations.
The Delhi population was observed to be far away
from Patels of Gujarat as weighted against other
populations.

CONCLUSION

The STR markers used in the current study
are highly polymorphic for the population and
these can be used in forensic identity establish-
ment. The population has significant diversity
and genetic affinity was observed with central
Indian population. The population has higher
genetic distance, to neighbouring states, indi-
cating less genetic admixture.

RECOMMENDATIONS

The studied population database can be
used for further genetic diversity analysis. The
Delhi population may be further analyzed by di-
viding it in the subgroups.
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