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The objective of this research was to conduct an analysis of the frequency of alleles as well as forensically relevant
parameters such as match probability, power of exclusion, polymorphic information content, observed, and expected
heterozygosity, homozygosity, paternity index, and discrimination capacity (DC). In all, 209 unrelated people from
South Indian groups and 201 people from West Indian populations were examined, and their frequency and statistical
attributes were compared. In this research, 15 short tandem repeats (STRs) loci were examined utilizing a multiplex
PowerPlex 16 System kit. These loci were CSF1PO, TPOX, D8S1179, THO1, Penta E, D18S51, D21S11, D3S1358,
FGA, Vwa, Penta D, D16S539, D7S820, D13S317, and D5S818. With the help of the FORSTAT program, 15 STRs
frequencies and forensic significance parameters were computed. Within the population, there was no evidence of
any departure from the Hardy—Weinberg equilibrium. The maximal allele frequency at TPOX was found to be 0.4976
in the South Indian population, 0.4925 in the West Indian population, and 0.5040 in the combined Indian population,
respectively. Similar to the previous statement, the minimum allele frequency was seen at several loci throughout
all three investigations. The Penta E and TPOX were found to be the locus with the highest and the lowest degree
of polymorphism in the south and combined Indian population, respectively; whereas the locus D18S51 and TPOX

recorded the highest and lowest degree of polymorphism in the West Indian population.

1. INTRODUCTION

India has the greatest polygenetic population of any secular nation. Known
to be a cultural melting pot, India is home to people of many different
languages, cultural backgrounds, and religious traditions [1]. There are
4693 recognized demographic subgroups in India. They are comprised
2205 recognized communities, 589 subgroups, and 1900 separate
administrative regions [2]. South India consists of the Indian regions of
Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, and Telangana, as well
as the Union territories of Lakshadweep and Puducherry. As of April of
2020, there were 253,051,953 people living in 635,780 km? or 245,480
sq miles [3]. The western part of India includes the states of Maharashtra,
Rajasthan, Gujarat, and Goa. As of April 2020, there were 173,343,821
people living in 508,032 km? or 196,152 sq miles [4].

Forensic scientists now commonly utilize DNA analysis based on
short tandem repeats (STRs) to determine paternity and to examine
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more complex criminal cases, such as those involving rape, murder,
and mass rape [S]. Due to their high diversity and widespread
distribution throughout the human genome, short tandem repeats
(STRs) are useful genetic identifiers for identifying specific people.
Multiplex polymerase chain reaction (PCR) has made it possible to
amplify numerous loci at once, making STR typing a viable tool for
human identification [6]. Autosomal STR loci are widely employed
in forensics and paternity testing [7,8]. The odds of two unrelated
people having identical STR profiles, or fingerprints, are “about one
in 57 trillion,” as shown by the frequencies of the STR alleles [9].
Several nations now have their own forensic DNA databases. To prove
the identification of missing individuals, victims, criminals, under
trial, unknown dead persons, etc., the “DNA Technologies (Use and
Application) Regulation Bill — 2019” was drafted in India. The Bill
includes language creating a DNA Regulatory Board (DRB) charged
with performing the duties and exercising the authority specified
in the Bill. The national forensic DNA database for the purpose of
identifying the aforementioned class of individuals will be maintained
through the establishment of National and Regional DNA Data Banks,
which are also provided for in the bill. This will help improve the
scientific level and efficiency of DNA testing in the India [10]. The
Indian government is now debating the bill, which is evidence that
a comprehensive regional and state-level DNA database is necessary.
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studied genetic polymorphism of 15 STR loci in 123 unrelated
individuals of Madhya Pradesh population and evaluated autosomal
STR diversity and forensic important parameters. They concluded that
locus Penta E showed the highest power of discrimination (0.978) the
highest polymorphism information content (0.900) and also suggested
all loci are highly polymorphic, showed significant genetic diversity,
and have the potential for forensic application carried out the research
to investigate the genomic diversity and population structure in the
Muslim community of Telangana using 23 autosomal STR in 184
randomly selected unrelated healthy individuals and concluded that
locus SE33 showed 37 observed alleles, which is the highest number
of observed alleles among all the studied loci and SE33 showed the
highest number of observed alleles (37) among all the studied loci.
The locus SE33 was the most polymorphic and discriminatory locus
and may be useful for forensic application. Similar to these studies, lot
of research had been done using STR focusing on specific community
such as Muslim community of Telangana, Teli population of
Mabharashtra, Mina, Gujjar, and the admixed population of Rajasthan
and Sikh population of central India. In this research, it is attempted
to cover two regions of India (South and West) and also compared
their genetic parameters and frequency that can be applied in forensic
application. In India to prove the identification of missing individuals,
victims, criminals, under trial, unknown dead persons, etc., the“DNA
Technologies using STR has not been used as prevalent as in other
countries. The objective of the research was to determine the allele
frequencies and statistical parameters for medicolegal interest of
15 loci Penta E, D18S51, D21S11, THO1, D3S1358, FGA, TPOX,
D8S1179, Vwa, Penta D, CSF1PO, D16S539, D7S820, D13S317,
and D5S818 in subjects with a large population of unrelated south and
West Indian population. In this research, 410 buccal swab samples
were collected from unrelated individuals of south and West Indian
states after getting their informed consent forms. From the collected
samples, DNA was extracted and stored in —21°C. The extracted
DNA samples were quantified to analyze their DNA concentration
by measuring the absorbance at 260 nm (A, ) in a spectrophotometer
using a quartz cuvette. The quantified DNA was ready to be used for the
DNA amplification. Next, amplification process was carried out using
PP16 multiplex primer. The amplified PCR samples were engaged into
DNA sequencing using ABI Applied BioSystem 3130 sequencer. Once
the samples were sequenced, the data were analyzed with the use of
GeneMapper software and, subsequently, the frequency and forensic
significant parameters calculated using the FORSTAT software.
The maximal allele frequency at TPOX was found to be 0.4976 in
the South Indian population, 0.4925 in the West Indian population,
and 0.5040 in the combined South and West Indian population,
respectively. The sequence-based allelic frequencies for south and
West Indian population groups studied here with STR would enable
equipped laboratories to use the frequencies and forensic important
parameters obtained from this study for relationship or forensic
identification. This work complements other available sequence-based
allelic frequency databases published by other studies carried out in
South and West Indian states, but also fills a large data gap for the
South, and West Indian populations. In addition, the similarities and
differences have been compared between these two populations that
would enable forensic and relationship testing industry to use these
parameters confidently when analyzing live forensic cases are done
using STR for any type of paternity, maternity, missing person analysis,
etc. The key limitations from the previous studies were to collect the
samples from different parts of the states in India and high expenses
to analyze the more number of samples. The advantage of this study
aside from being the new approach to compare the South and West

Indian population with 15 STR loci and it can also be used by the DNA
analysts in South and West Indian laboratories for live forensic and
relationship casework, as well as for further research outside.

2. MATERIALS AND METHODS

Buccal swab samples of 410 healthy unrelated individuals 209 (123
males and 86 females) and 201 (108 males and 102 females) between
the age group of 17 and 23 from South and West Indian states were
collected respectively after getting their informed consent [Figure 1].
The work was authorized by the Ethics Committee of SRM Institute of
Science and Technology—Chennai. (1887/IEC/2020).

2.1. DNA Extraction and Quantification

Using a swab solution kit that was given by Promega, from Madison,
United States, genomic DNA was extracted from the buccal swab.

2.2. Selection of STR Markers

PP16 STRs were chosen for this research due to their polymorphism.
The PowerPlex 16 System is a multiplex STR system for use in
DNA typing, including paternity testing, forensic DNA analysis,
human identity testing, and strain identification. This system allows
coamplification and three-color detection of 16 loci (fifteen STR loci
and Amelogenin): Penta E, D18S51, D21S11, THO1, D3S1358, FGA,
TPOX, D8S1179, Vwa, Amelogenin, Penta D, CSF1PO, D16S539,
D7S820, D13S317, and D5S818. One primer for each of the Penta E,
D18S51, D21S11, THO1, and D3S1358 loci is labeled with fluorescein
(FL); one primer for each of the FGA, TPOX, D8S1179, Vwa, and
Amelogenin loci is labeled with carboxy-tetramethylrhodamine
(TMR); and one primer for each of the Penta D, CSF1PO, D16S539,
D7S820, D13S317, and D5S818 loci is labeled with 6-carboxy-4",5"-
dichloro-2",7’-dimethoxy-fluorescein (JOE). All 16 loci are amplified
simultaneously in a single tube and analyzed in a single injection. The
alleles of the STR loci may be distinguished from one another based
on the amount of copies of the repeat sequence that is included inside
each STR locus. The discriminatory capacity tends to increase with
the number of STR loci employed in the typing process. Since it is
extremely unlikely that a single individual will share an identical STR
profile with another individual drawn at random from the population,
the likelihood that a single individual will have an identical STR
profile with another individual drawn at random from the population
is extremely low [11].

2.3. PCR Amplification

Amplification by multiplexed PCR was carried out with the use of the
PowerPlex 16 System (Manufactured by Promega in Madison, United
States). PCR was done in a 25ul volume with 2ng template DNA and
the following amplification conditions: An initial incubation at 95°C
for 11 min, 28 cycles of denaturation at 94°C for 1 min, annealing at
59°C for 1 min, and extension at 72°C for 1 min; and a final extension
at 60°C for 45 min, as per manufacturer’s instructions.

2.4. Control Samples

For positive control, PowerPlex® 16 System-supplied DNA was
used, which produced interpretable results in each run throughout the
process.

For negative control, nuclease-free water was used in each run
throughout the process.
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For quality control, internally processed DNA (a known DNA profile)
was used in each run throughout the process.

2.5. STR Typing of PowerPlex-Amplified Samples

Using an ABI Prism 3130 Avant Genetic Analyzer, multicapillary
electrophoresis of the amplification product was carried out (Applied
BioSystems, Foster City, CA, and USA). The data were examined
using the ABI Prism GeneMapper version 3.0 software (Applied
BioSystems, and the relative peak area was automatically determined
by the program to identify alleles by comparison with the allelic ladder
that was given with the kit. The allele nomenclature was established
in accordance with the guidelines provided by the International
Association for Forensic Hemogenetics [12]. For the purpose of allele
identification, the peak detection threshold was set to 50 RFUs. Every
step was carried out in the manner prescribed by the laboratory’s
internal standards as well as the manual and procedure for the relevant
kit controls.

2.6. Analysis of the Data

Forensic and population genetics metrics such as allele frequency,
matching probability, polymorphism information content, expected
and observed heterozygosity and homozygosity, power of exclusion,
discriminatory capacity, and paternity index were determined using
FORSTAT (Forensic Statistic Analysis Toolbox) FORSTAT web tool
which implements the common GENEPOP format to evaluate forensic
genetics statistics. The simplicity and ease-of-use are achieved by
automation of data entry and calculations which reduce analysis time
and labor inputs [13]. In FORSTAT, the analyzed sample profiles
were entered into and required data such as frequency and forensic
parameters automatically analyzed by the software and results
obtained.

3. RESULTS

The allele frequencies calculated for South, West, and combined South
and West Indian population are given in Tables 1-3, respectively.

Minimum allele frequency of 0.0024 was found in different alleles
which are mentioned below:

D3S1358-20 THO1-5, D21S11-26, 29.2, 33, 34, and 36 D18S51-15.2
and 24 Penta E-15.4, 21 and 22 D13S317-15 D16S539-5 and 15,
CSF1PO-15 D18S1179-9 TPOX-6,7, and 13 FGA-19.2, 20.2, 22.2,
and 30.

Minimum allele frequency of 0.0025 was found in different alleles
which are mentioned below:

D3S1358- 12 THO1-11, D21S11- 25 D18S51-13.2 and 14.2 Penta
E-22 and 23 CSF1PO-8 Penta D- 3.2, 6, 7 and 17 Vwa- 11 D8S1179-9
and 18 TPOX-7 FGA-17,17.2,22.2,25.2, 28, 29, and 30.

Minimum allele frequency of 0.0010 was found in different alleles
which are mentioned below:

D3S1358- 20 THO1-5, 11, D21S11-29.2, 30.3 and 34.2 D18S51-24,
D16S539-5,15 Penta D-3.2, 17 Vwa-12, D8S1179-18, TPOX-13, and
FGA 17,19.2,25.2,30.2, and 33.2.

By comparing the alleles in the population groups, the following
alleles 15.2, 15.4, 18.2, 19.2, 20.2, 29.2, 33.1, 34, 35, and 36 were
observed in South Indian while they were not found in the West Indian
population; whereas the alleles 3.2, 13.2, 14.2, 17.2, 20.3, and 25.2

were recorded in the West Indian population but were not observed in
the South Indian population. On the other hand, the following alleles
10.3,15.3,16.2,21.2, and 23.2 were found in the combined population
but were not seen either in South or West Indian population.

A total of 157, 159, and 182 alleles were recorded in the South, West,
and combined South and West Indian populations, respectively. Alleles
were counted, and the corresponding numbers were 46, 42, and 54. In
TPOX, the allele frequencies in the South Indian population varied
from 0.0024 to 0.4976, those in the West Indian population from
0.0024 to 0.4925, and those in the combined Indian population from
0.0010 to 0.5040. TPOX locus had the highest frequency in all three
sample populations. Allele frequencies varied from 6 (D7S820) to 18
(Penta E) in the South, 7 (THO1, D7S820, D16S539, and TPOX), to
19 (Penta E) in the West, and 8 (THO1, D13S317, D7S820, and TPOX)
to 23 (FGA) in the South and West Indian population combined. The
West Indians had the highest frequency of alleles at the FGA locus
(19/42=45.2%), followed by the combined South and West Indian
population also at the same FGA locus (23/54=42.6%), whereas the
South Indians had at the Penta E locus (18/46 = 39.1%).

Analyses of the range and number of alleles at each locus for the
South, West, and combined Indian population revealed that the
maximum range at the same locus Penta E was 5-22, 10-25, and
5-25 and the number of alleles were 18 and 19 for South and West
Indian population, respectively, whereas the FGA locus recorded the
maximum of 23 alleles in the combined Indian population.

Most common allele (MCA) and least common allele (LCA) observed
at different loci are given in Table 4.

The least common alleles occurred in many of the loci only one time.

The polymorphism values of STRs expressed by various statistical
parameters are presented in Tables 5 for south, west, and combined
Indian population.

According to the above data, the lowest match probability was 0.0444,
0.0710, and 0.0343 in PENTA E in the South, West, and combined
Indian populations, respectively, while the corresponding highest
match probability was 0.1906, 0.2005, and 0.1805 at TPOX. The
highest values of discrimination capacity were found at the locus
Penta E (0.9556, 0.9290, and 0.9659) and the lowest values at the locus
TPOX (0.8094, 0.7995, and 0.8157) in South, West, and combined
Indian populations, respectively.

The lowest polymorphic information content (PIC) values were 0.6039,
0.5935, and 0.6074 at locus TPOX in the South, West, and combined
Indian populations, respectively, and the corresponding highest values
were 0.8940 and 0.8916 at Penta E in the south and combined Indian
populations, and 0.8516 at locus D18S51 in the west.

In the South, West, and combined Indian populations, the lowest
expected heterozygosity (Hexp) values were 0.6503, 0.6475, and
0.6499, respectively, at the locus TPOX, and the maximum values
of 0.9017 and 0.8988 at locus Penta E were recorded in South and
combined Indian populations and 0.8658 in the locus D18S51 in
the West Indian population. The minimum observed heterozygosity
(Hobs) values were 0.6464, 0.6550, and 0.6510 in the South, West, and
combined Indian populations, respectively; whereas the corresponding
maximum observed heterozygosity values were 0.9071 and 0.8857
in the South and combined Indian populations and 0.8600 at FGA
locus in the west. The minimum homozygosity values of 0.0929
and 0.1143 were found at locus Penta E in the South and combined
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Table 3: (Continued).

Allele
29.2
30

FGA

D8S1179 TPOX

Penta_E D5S818 D13S317 D7S820 D16S539 CSF1PO Penta D Vwa

D3S158 THO1 D21S11 D18S51

0.0010
0.2545
0.0234
0.0010
0.0692
0.0865
0.0173
0.1059
0.0061
0.0376
0.0020
0.0010
0.0061
0.0050

0.0030
0.0010
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30.2

30.3
31

31.2
32

322
33

0.0010

332
34

342
35
36

Observed Alleles 52

17-30.2

5-25 7-15 8-15 7-13 5-15 7-15 2.2-17 11-21 8-18 6-13
19

10-24

27-36

5-11

13-20.2

Range of Alleles

Total 182

22

15

16

9 17

Recorded Alleles Each Loci

Indian populations, respectively, while 0.1400 was found at locus
FGA in the west. Among the South, West, and combined Indian
populations, the highest homozygosity values were 0.3536, 0.3450,
and 0.3489, respectively at the locus TPOX. The Power of Exclusion
(PE) minimum values of 0.3649, 0.3769, and 0.3675 were recorded
at locus TPOX in the South, West, and combined Indian populations,
respectively, whereas the corresponding maximum values of 0.8107
and 0.7731 were noted at Penta E in the south and combined Indian
populations, respectively, and in the west, it was 0.7161 at FGA locus.
The paternity index (PI) minimum values of 1.5106, 1.5802, and
1.5058 were observed at locus TPOX in South, West, and combined
Indian populations, respectively, while the maximum values of 6.3467
and 4.5763 were observed in Penta E in the South and combined Indian
populations, respectively, while in the west, it was 4.2000 in Penta
D locus. In both populations, no divergence from Hardy—Weinberg
equilibrium was detected (P > 0.05).

Among tables presented in this study, the frequency tables of south
and west (1 and 2) Indian frequencies are the most important ones as
they have been highlighted the frequency of South and West Indian
population separately which can be used to potential relationship
analysis when the live samples analyzed from those states.

4. DISCUSSION

The accuracy of the findings is generally improved by gathering data
from a larger sample size. Prior research revealed that calculating
the probability using just 100—150 tested people per population [14].
For this reason, a total of 410 people from the South and West Indian
populations were evaluated to determine allele frequency analyses and
statistical parameters of forensic relevance.

4.1. Alleles and Allele Frequencies

In South, West, and combined Indian population, the number of actual
observed alleles were 46, 42, and 54, respectively. Analyzed genetic
diversity of autosomal STRs in 11 population of India and found 43
and 38 alleles in South and West Indian population, respectively,
which is very close to our results [15]. In South, West, and combined
Indian population, the total alleles recorded were 157, 159, and 182,
respectively. The percentages of alleles were 75.1% (157/209) in South,
79.1% (159/201) in West Indian population. Carried out population
genetic analyses of 22 autosomal STRs in Indian populations with 357
individuals from 11 states across India and recorded 275 alleles which
worked out to 77% (275/357) [16] which corroborated to the values
of this study. The maximum of 18 alleles in south and 19 in the west
were observed in Penta E locus and 23 alleles were found in FGA in
the combined Indian population indicated the most polymorphic nature
of Penta E and FGA. Similarly, researched on genomic diversity in
Maharashtra population with 20 autosomal markers highlighted that
locus Penta E had the maximum number of alleles in the admixed and
Teli population [17]. The maximum allele frequency of 0.4976, 0.4925,
and 0.5040 were observed at TPOX in all three populations groups,
respectively, whereas the minimum allele frequency was observed in
several loci in South, West, and combined Indian population. Similarly,
had studied the genetic variation of 15 autosomal microsatellite loci
in Tamil population and observed the maximum frequency of 0.415 at
TPOX which is more or less similar to our study. Allele 8§ was recorded
the maximum frequency in all the three populations [18]. Likewise,
worked on genetic polymorphism of eleven STR loci in Rajput
population of Delhi and stated that allele 8 of locus TPOX showed
the highest frequency 0.425 [19]. In line with [17], our study showed
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Table 4: MCA and LCA alleles in South, West, and combined Indian populations.

STR Loci South Indian population ‘West Indian population Combined South and West Indian population
MCA LCA MCA LCA MCA LCA

D3S1358* 15 (129) 20 (1) 15 (127) 12 (1) 15 (309) 20 (1)

THO1 9.3(83) 5(1) 7 (108) 11 (1) 7(270) 5,11 (1)

D21S11* 30 (101) 26,29.2,33 34,36 (1) 30(105) 25(1) 30 (250) 29.2,30.3,34.2(1)

D18S51 15 (72) 15.2,24 (1) 14 (69) 13.2 (1), 14.2 15 (165) 24 (1)

Penta E* 12 (85) 15.4,21,22 (1) 12 (75) 22,23 (1) 12 (175) 19.4 (2)

D5S818* 12 (143) 15(2) 12 (143) 14 (4) 12 (349) 15(2)

D13S317 11 (131) 15 (1) 12 (97) 15(2) 11 (264) 15(3)

D7S820* 10 (134) 8(6) 10 (122) 7(8) 10 (308) 7,8(9)

D16S539* 11 (126) 5,15(1) 11 (106) 8 (6) 11 (274) 5,15(1)

CSF1PO* 12 (147) 15 (1) 12 (151) 8 (1) 12 (353) 15(2)

PentaD 12 (90) 22,7(2) 9 (100) 32,6,7,17(1) 9(238) 32,17(1)

Vwa* 17 (97) 20,21 (3) 17 (108) 11(1) 17 (242) 12 (1)

D8S1179%* 13 (109) 9(1) 13 (117) 9,18 (1) 13 (265) 18 (1)

TPOX* 8(208) 6,7,13(1) 8 (198) 7(1) 8(495) 13 (1)

FGA* 22 (84) 19.2,20.2,22.2,30 (1) 22 (75) 17,17.2,22.2,25.2,28,29,30 (1) 22 (188) 17,19.2,25.2,30.2,33.2 (1)
1739 30 1701 27 4145 25

Total 1769 1728 4170

*The alleles in the 11 marked loci occurred maximum number of times in South, West, and in the combined Indian population (D16S539, CSF1PO, Vwa, D3S1358, D21S11, D8S1179,
TPOX, Penta E, D5S818, D7S820, and FGA). The allele 12 is the most predominant in South, West, and combined populations occurring 465/1769 times (26.28%) in South and
467/1728 counts (27.02%) in West and 877/4170 counts (21.03%) in the combined Indian population.

that locus TPOX was the least polymorphic in all three population as
8, 7, and 8 alleles were noted in South, West, and combined Indian
population, respectively.

4.2. Most and Least Common Alleles (MCA and LCA)

After an examination of the MCA as well as the LCA, it was discovered
that the greatest number of alleles had been recorded in 11 of the 15
loci that had been investigated across all three populations. The allele
12 has the highest frequency throughout all three distinct populations,
with a distribution that is as follows: 26.28% in the south, 27.02%
in the west, and 21.03% in the combined Indian population. Similar
findings were found by who conducted research on population genetic
analysis for autosomal STR loci in the Sikh community of central
India [20]. They gave a similar study, which found that allele 12 is the
most prevalent allele in all three ethnicities.

4.3. Range of Alleles

Penta E was the only locus in which the maximum range was seen
across all three populations, and the greatest numbers of alleles
observed were 18 and 19 in the South and West Indian population, with
the exception of locus FGA, which recorded the maximum of 23 alleles
in the combined Indian population. Furthermore, at locus D7S820,
all three populations shared a minimum range and number of alleles.
Consistent with our findings, investigated the genetic makeup of 227
unrelated persons from Maharashtra and found that the highest number
of alleles, 19, was located at the locus Penta E [17].

4.4. Statistical Parameters

Penta E had the lowest match probability and the highest discriminating
capability across all three population types. In their study of 22
autosomal STRs in the Indian population, showed that Penta E has the

highest value of power of discrimination [16]. Penta E has the highest
observed and expected heterozygosity in south and combined Indian
populations, whereas the highest expected and observed heterozygosity
were recorded in the D18S51 and FGA locus, respectively, in the West
Indian population. According to a summary by who studied the genetic
diversity of Gorkhas, the most polymorphic and discriminatory locus
in the population was FGA [21]. According to the results of the above
analysis, the locus Penta E was the most variable of the studied loci,
displaying the highest values of discrimination capacity (0.9659),
expected heterozygosity (0.8988), observed heterozygosity (0.8857),
polymorphic information content (0.8916), power of exclusion
(0.7731), and paternity index (4.5763) and the lowest values of match
probability and homozygosity. However, locus TPOX recorded the
highest match probability (0.1805) and homozygosity (0.3489),
and the lowest polymorphic information content (0.6074), expected
heterozygosity (0.6499), observed heterozygosity (0.6510), power of
exclusion (0.3675), discrimination capacity (0.8157), and paternity
index (1.5058) which indicated the less informativeness of the TPOX
locus in these populations.

This study may be considered for STR-based analysis of Indian people
in the future since the frequency and forensic parameters values are
consistent with earlier STR research on the Indian population. If and
when the Indian government passes “The DNA Technologies (Use
and Application) Regulation Bill — 2019,” these findings may serve
as a foundation for further research and policy development. The
key limitations from the previous studies were to collect the samples
from different parts of the states in India and high expenses to analyze
the more number of samples. The biggest challenge in this study
was to convince the participants to provide the samples. In addition,
the multiplex of PP16 system has a low chance of success rate for
degraded DNA. The advantage of this study aside from being the
new approach to compare the South and West Indian population with
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Figure 1: South and West Indian states from which the samples were
collected.

15 STR it can also be used by the DNA analysts in South and West
Indian laboratories for live forensic and relationship casework, as well
as for further research outside. The statistical characteristics of allele
frequency and forensic importance parameters derived from this work
can be utilized for forensic identification and DNA relationship testing
when analyzing live samples from South and West Indian population.
This approach will undoubtedly help the existing forensic casework in
South and West India employing allele frequency databases for STR
markers. This effort will be supplemented by the development of a
panel of genetic markers, specifically for the Indian population. Here
is an example how the findings of this result can provide the accurate
result for paternity case for example locus CSF1PO:

Mother: 11, 12

Child: 10, 11
Alleged Father: 9, 10
Matching allele with father: 10

Calculation of RMNE (Random Mating Not Excluded) = P? + 2p (1-
p). = l-p
Example
=(0.264)>+2*0.264*0.736
=0.0697+0.3886 = 0.4583
RMNE in several populations
European African Spanish South Indian
CSF1PO*10 0.264  0.255

0.291 0.2177

This study results (E.g. South Indian) = (0.2177)>+2 *0.2177*0.7823
=0.04739+0.3406 = 0.3880

Similar finding can be established for all 15 STR when relationship
analysis carried for South and West Indian population samples
analyzed. This result can be defendable in court of law in any country
if the person in question (this case alleged father) samples processed.

It is possible to infer that the findings of this study add to the present
Indian DNA industrial frequency dataset, as well as provide insight
into variances, similarities, and genetic distances among the South
and West Indian population. The presented statistical parameters
in this study corresponded with the findings of the previous studies
conducted in different parts of India. The authors recommend the
future researchers to cover the entire Indian population for sample
collection analyzing with more STR loci such as PowerPlex (PP21)
system which has been introduced after PP16. The future researchers
can also focus on SNPs as it has an advantage over STRs which even
in minute quantities of DNA can provide valuable information about
individualization. The use of the software for the determination of
various phenotypic features is recent and, hence, is an area with a wide
research scope.

5. CONCLUSION

The highest range of allele frequency was noted at TPOX for all three
populations. In South, West, and combined Indian population, the
observed alleles were 46, 42, and 54, respectively. The corresponding
total alleles were 157,159, and 182, respectively. The range of alleles
was from 6 to 23 in all three populations. These three parameters
showed the South and West Indian population had similar range of
observed alleles, frequencies, and number of alleles. The locus Penta
E was the most variable of the studied loci, displaying the highest
values of discrimination capacity (0.9659), expected heterozygosity
(0.8988), observed heterozygosity (0.8857), polymorphic information
content (0.8916), power of exclusion (0.7731), and paternity index
(4.5763) and the lowest values of match probability and homozygosity.
However, locus TPOX recorded the highest match probability (0.1805)
and homozygosity (0.3489), and the lowest polymorphic information
content (0.6074), expected heterozygosity (0.6499), observed
heterozygosity (0.6510), power of exclusion (0.3675), discrimination
capacity (0.8157), and paternity index (1.5058) indicating the least
variable locus in these population. The current data may serve as a
suitable starting point for building the Indian population’s DNA
database. The information gathered here may supplement existing
databases from other STR-based studies of Indian people. These 15
STR loci are useful for personal identification due to their specificity
and polymorphism. Thus, the authors advocate for further genetic
or forensic examination of polymorphism in the Indian population
substructure utilizing short tandem repeat [STR]. People from the
states of Lakshadweep, Pondicherry, Kerala, Tamil Nadu, Telangana,
Andhra Pradesh, Karnataka, Gujarat, Rajasthan, Maharashtra, and Goa
should be considered a genetically representative sample of the South
and West Indian population for the purposes of genetic analysis or the
establishment of a DNA database for the entire Indian population.
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