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The aim of the study is to evaluate the suitability of STRs for molecular characterization and forensic applications in unrelated
Brahmins of Rajasthan and Haryana states, India.

Materials and Methods. A total of 203 male DNA samples from various districts of Haryana (n=104) and Rajasthan (n=99) were
genotyped using the GlobalFiler® PCR Amplification Kit. Allelic frequencies and different forensic parameters like PD, PE, PIC, PM, Ho, He,
UHe, and TPI were calculated with different software.

Results. More than 200 alleles were present in both populations, ranging from 6.0 to 35.2 and SE33 was the most polymorphic marker.
The combined power of discrimination was 1. To know the relatedness with other Indian Brahmin populations, the UPGMA dendrogram
and principal component analysis plot were visualized to show that both populations are close to each other and in nearby Saraswat
Brahmins of Himachal Pradesh. This study showed a genetic relationship and forensic examination in the Haryana and Rajasthan Brahmin
populations and various ethno-linguistically diverse populations of India.

Conclusion. The results imply that the highly polymorphic 21 autosomal STR loci might be applied for individuals’ forensic identification
and parentage testing. This study also suggests that the kit having both autosomal and Y-STR markers is appropriate for a better
understanding of the genetic and forensic examination in the Brahmin population of Haryana and Rajasthan.
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leHeTHyeckoe pasHoobpasue aytocomHbix STR-mapkepos
cpeau bpamuHoB PapxacTxana u XapbsiHbl:
3HAYUMOCTb AN NONYNALUOHHOM W CYyAEOHO-MeULMHCKON FEHeTUKMN

Llenb nccnegoBaHna — OLEHNTb BO3MOXHOCTb MCMOMb30BaHUs ayTOCOMHbIX STR-MapkepoB y HEPOACTBEHHbIX 6paMUHOB U3 LITATOB
PapxactxaH n XapbsiHa (MHaus) 4ns npoBeAeHUst MONEKYNSPHO-TEHETUYECKON ANArHOCTUKM 1 CyaebHOI aKCnepTuabl.

Marepuanbl u metogbl. B obuweli cnoxHoct 203 obpasua JHK MyxumH 13 pasnuuHbix paiioHoB XapbsiHbl (n=104) n PagxacT-
xaHa (n=99) 6binn reHoTMNMPOBaHbLI C MCNONb30BaHWeM MapkepHol cuctembl GlobalFiler® PCR Amplification Kit. YactoTbl annenei u
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KJIMHAYECKHE NMPUJIOKEHUSA

napameTpbl KpUMUHANMCTYECKON XapakTepucTuku, Takme kak PD, PE, PIC, PM, Ho, He, UHe n TPI, paccunTbiBanu ¢ NoOMOLLbK pasnny-
HOTO MPOrpamMMHOro obecneyeHus.

Pesynbrathl. B 0benx nonynsauusx npucytcteoBano 6onee 200 annenen B gnanasoHe ot 6,0 o 35,2; SE33 Obin cambiM BbICOKMM
nonumopdHsIM MapkepoM. CymMmapHas BEpOSITHOCTb AMCKPUMUHALIMM paBHsnach 1. YTobbl yCTaHOBUTL POACTBO C APYrvMU MOMyNALMAMM
nHOWckuX 6pamnHOB, 6binn BU3yanuanpoBaHsl UPGMA-aeHaporpamma 1 rpacdvk aHanmsa rmaeHbix komnoHeHT (PCA), nokasbiBatoLyne,
yTo 06e monynsumm Bnnaku Apyr ¢ APYroMm U CoCeaHWMU capaceaT bpamuHamu m3 wrata Xwmavan lNpagew. 310 nccnenoBaHne npoae-
MOHCTPMPOBANo reHeTUYEeCckoe POACTBO B Nonynsaumsx 6pammHoB XapbsHbl M PapxactxaHa v gpyrix nonynaumsx MHaun ¢ pasnuyHbiMu
STHUYECKUMU U NIUHTBUCTUYECKUMU OCOBEHHOCTSAMM.

3akntoyenue. MokasaHo, 4To 21 BbICOKONOMMMOPMHBIA ayTOCOMHbI STR-NOKYC MOXeT BbiTb NMpUroaeH Ans cyaebHO-MeaunLMHCKON
MOEHTUUKALMM NMNYHOCTM U YCTaHOBNEHUS OTLOBCTBA. Habop, coaepkaluuii Kak ayTOCOMHble Mapkepbl, Tak u mapkepsl Y-STR, nogxogut
ON1S NyYLero NOHMMaHWUS FeHETUYECKO XapakTepuCTHkN W CynebHO-MeaMLMHCKOA 3KCnepTuabl HaceneHns 6pammHoB XapbsHbl 1 Pag-

XacTxaHa.

KntoyeBble cnoBa: reHeTnyeckoe pasHoo6pa3|/|e; nonynAauMoHHaaA reHeTuka; nonynaund 6paMVIHOB; PapxacTxaH; XaprHa.

Introduction

Genetic diversity is essential for the evolution of a
species, and it offers the genetic make-up of a species
based on the total number of gene distinctiveness
features. Diversity reasonably determines population or
human social organization in language, ethnicity, culture,
geography, social aspect, and communities worldwide.
These characteristics are common in the alpine
environment, where people frequently live in separate
communities far from developed areas [1].

Some traditions emerged due to the assimilation of
varied cultures and others died over a period of time.
On the other hand, certain cultures have remained
steadfast and persistent in demonstrating their
presence over time [2]. India has always welcomed
people of many racial groups and ethnicities. According
to various pieces of evidence, it is possible that modern
people left Africa via the southern coastal route and
India emerged as a vital human mobility corridor by
the initial wave of migration along the south coast
route [3]. The interaction and conversion of ideas may
have resulted in hybridization between populations of
various ethnolinguistic categories in India that further
resulted in cultural, linguistic, and genetic variation [4].
In 1919, Ludwik and Hanka Hirszfeld, pioneers in
blood typing, first reported the genetic variation
among human populations [5]. However, the variations
studied in blood groups were insufficient to identify a
particular individual from a gene pool. Thus, this area
of interest was revolutionized by detecting variations
in the human gene pool at the DNA level [6]. In the
early days, restriction fragment length polymorphism
analysis was employed for DNA analysis. Later on
PCR-based assays (with increased sensitivity and
power of discrimination) were used along with SNPs,
VNTRs, and STRs. In 1990, Alec Jeffrey, with the
Human Genome Project, created a wide range of STR
sequences [7].

By the mid-1990s, multiple STR markers were added
in single multiplexed reactions in forensic DNA testing.
Several studies have been used with autosomal STR
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markers to investigate genetic relationships among
Indian groups. The caste system in India is supported
by four primary groups or varna: Brahmin, Kshatriya,
Vaishya, and Sudra. The castes are further divided
into sub-castes and individuals belonging to these
sub-castes practice endogamy, a system in which an
individual marries inside a specific group [8].

The aim of the study was to investigate the
molecular characterization and forensic applications of
Brahmins who practice endogamy i.e. they marry within
the same caste, practice gotras (clan) system, and do
not marry in the same gotras.

Materials and Methods

DNA isolation and ethical consideration. Present
study was conducted on stored DNA samples in lab
G-22, Department of Genetics, Maharshi Dayanand
University (Rohtak, Haryana, India) [9]. A total of 203
male DNA samples from various districts of Haryana
(n=104) and Rajasthan (n=99) were used. For
autosomal STR analysis in Haryana and Rajasthan
Brahmin population, ethical clearance was taken from
the Institutional Human Ethical Committee (IHEC) vide
letter No.IHEC/2021/289 dated September 9, 2021.

PCR amplification and genotyping. 1.2-mm punch
of the FTA card containing the DNA samples was used
for amplification [10]. Twenty-one autosomal and three
sex-determining markers were amplified in a total
volume of 25 pl using the GlobalFiler® PCR Amplification
Kit (Thermo Fisher Scientific, USA) according to the
manufacturer’s instructions. Throughout the reactions,
positive and negative controls were employed.
Capillary electrophoresis was used to separate and
detect amplified products using an ABI 3500xL Genetic
Analyzer (Applied Biosystem, USA). GeneMapper IDX
version 1.6 (Applied Biosystem, USA) was utilized for
manual allele calling.

Statistical data processing. To calculate the allelic
frequency distribution, as well as forensic parameters
like polymorphism information content (PIC), probability
of match (PM), typical paternity index (TPI), observed
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heterozygosity (Ho), expected heterozygosity (He),
and unbiased heterozygosity (UHe) for 21 autosomal
STR loci, STRAF (STR analysis for forensics) online
software [11] and GenAIEx 6.5 were used [12].
Additionally, a UPGMA dendrogram [13] was generated
based on the Dy, distance determined by POPTREE2
software [14] to examine the genetic distance between
the present study population and formerly observed
10 Brahmin groups of India. The principal component
analysis (PCA) plot was also created with the help of
allelic frequency data through Paleontological Statistics
(PAST) software version 3.02 [15] to evaluate the
grouping pattern between these populations.

Quality assurance. A positive control DNA
template (2800 M), provided along with the kit, and
negative controls were used throughout the study. The
experimental work was carried out in an accredited
laboratory conforming to ISO/IEC 17025 standard.
Further, the authors have also qualified International
DNA Proficiency Test (http://gitad.ugr.es/principal.htm).

Results and Discussion

In the Haryana Brahmin population, a total of 61
distinct alleles were detected in the Haryana Brahmin
community, ranging from 6.0 to 34.2 and 229 alleles
with an average of 10.409. Table 1 shows the allele
frequency distribution among Haryana Brahmins.
The observed allele frequency ranged from 0.005 to
0.452, showing allele 11 (0.452) as the most common
in the study population at the D2S441 locus. The
researchers discovered Ho as 0.760£0.040, He as
0.789+0.022, and UHe as 0.793+0.022. Table 2 lists
the forensic parameters that were evaluated, including
PIC, power of exclusion (PE), power of discrimination
(PD), PM and TPI as well as number of alleles (Na),
number of effective alleles (Ne), Ho, UHe, and He.
With 0.940 (PIC) and 0.986 (PD), locus SE33 was the
most polymorphic and discriminative. Moreover, in all
21 autosomal STRs, PD, PE, PIC, PM, Ho, He, and
UHe ranged from 0.851 (D2S441) to 0.986 (SE33),
0.347 (D2S441) to 0.843 (D21S11), 0.640 (D2S441)
to 0.940 (SE33), 0.030 (D1S1656) to 0.149 (D2S441),
0.644 (D2S441) to 0.923 (D21S11), 0.688 (D2S441)
to 0.943 (SE33), and 0.692 (TPOX) to 0.948 (SE33),
respectively. The combined power of discrimination and
exclusion were 1.0 and 0.823, respectively. As all the
samples were confirmed males, 3 out of 104 samples
showed the amelogenin Y deletion, i.e. they show only
X allele at amelogenin marker. All these samples were
also confirmed by the Y-STR profiling.

In the Rajasthan Brahmin population, 62 distinct
alleles were detected, ranging from 6.0 to 35.2 and
a total of 222 alleles with an average of 10.091 alleles
per locus were discovered. Table 3 shows the allele
frequency distribution among Rajasthan Brahmins.
The observed allele frequency ranged from 0.005 to
0.409, showing allele 8 (0.409) as the most common in
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Table 1

Observed allelic frequency distribution in the Haryana Brahmin population at 21 autosomal STRs

Allele CSF1PO D10S1248 D12S391 D13S317 D16S539 D18S51 D19S433 D1S1656 D21S11 D22S1045 D2S1338 D2S441 D3S1358 D5S818 D7S820 D8S1179 DYS391 FGA SE33 TH01 TPOX

0.264
0.159

0.029
0.183

0.087

0.014

0.005

0.12 0.375

0.264 0.125
0.183

0.005
0.005

0.024
0.005

0

0.058

0.178
0.101
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the examined population and the TPOX locus having
the highest allele frequency. It was discovered that the
values of Ho as 0.771+0.039, He as 0.787+0.022, and
UHe as 0.791+0.022 were present. Table 4 shows the
evaluated forensic parameters such as PIC, PD, PE,
TPI, and PM, as well as Na, Ne, Ho, He, and UHe. With
0.935 (PIC) and 0.982 (PD), locus SE33 was discovered

KJIMHAYECKHE MPUJIOKEHUSA

to be the most polymorphic and discriminative. Moreover,
in all 21 autosomal STRs, PD, PE, PIC, PM, Ho, He, and
UHe were found ranged from 0.850 (CSF1PO) to 0.982
(SE33), 0.408 (TPOX) to 0.814 (D18S51), 0.648 (TPOX)
to 0.935 (SE33), 0.029 (D1S1656) to 0.150 (CSF1PO),
0.687 (TPOX) to 0.909 (D18S51), 0.698 (TPOX) to
0.938 (SE33), and 0.702 (TPOX) to 0.943 (SE33),

Saraswat Brahmin (KS)
Saraswat Brahmin (RJ)
Saraswat Brahmin (FB)
Saraswat Brahmin (JM)
Kanyakukj Brahmin (MP)
—] 0.0851 Brahmin (RJ)
Brahmin (HR)
Brahmin (MP)
Desasth Brahmin (MH)
Chitpavan Brahmin (MH)
Saraswat Brahmin (HP)
Iyengar Brahmin (KA)
0.008

Figure 1. UPGMA tree showing the genetic relationship of the Brahmin population of Rajasthan
and Haryana with other reported Brahmin populations residing in India

0.0600

0.0400
Desasth Brahmin (MH)®

°Iyengar Brahmin (KA) 0.0200

Kanyakubj Brahmin (MP)e
A MF) o.. “Brahmin (HR)

®Chitpavan Brahmin (MH)

®Brahmin (MP)

Saraswat Brahmin (KS)®

-0.0600

-0.0800

Sara: Hmin (HP)
o~ - T W T T T
= -0.1000 “Brahmin (R)) _g 0500 SarmeaL P UM) 0.0500 0.1000 0.1500 0.2p00
g
g -0.0200
S
-0.0400

®Saraswat Brahmin (PB)

®Saraswat Brahmin (RJ)

Component 1

Figure 2. PCA plot of Brahmin population of Rajasthan and Haryana showing genetic distance relationship with other

reported Brahmin populations residing in India
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respectively. The CPD was noted 1 and CPE was 0.999.
In this population, only one male out of 100 showed the
amelogenin Y deletion [16].

These results imply that 21 autosomal STR loci
were more polymorphic to a greater extent and might
be utilized for individuals’ forensic identification and
parentage testing. The genetic affinity of the examined
population, i.e. Brahmin of Rajasthan (RJ) and Brahmin
of Haryana (HR), was compared to the previously
reported Indian Brahmin population, namely, Saraswat
Brahmin of Kashmir (KS), Rajasthan (RJ), Punjab (PB),
Jammu (JM) and Himachal Pradesh (HP) [17], Kanyakubj
Brahmin of Madhya Pradesh (MP) [18], Brahmin (MP)
[19], Desasth Brahmin of Maharashtra (MH), Chitpavan
Brahmin (MH) [20], and lyengar Brahmin of Karnataka
(KA) [21] populations, using the UPGMA dendrogram
and POPTREE2 software. The UPGMA dendrogram
based on Dy, genetic distance revealed that the Brahmin
community shared a genetic affinity with Himachal
Pradesh’s Saraswat Brahmin (Figure 1).

The PCA result of 10 populations was found to be
consistent with the UPGMA dendrogram, indicative of
the genetic relatedness of the Brahmin population
of Haryana and Rajasthan with other Indian populations
(Figure 2).

Conclusion

This has been a pilot study to bring the genetic
characteristics of the Haryana and Rajasthan Brahmin
population together and demonstrating the utility of
a panel of specific markers in the disputed forensic
cases. The genetic data from the present study could be
helpful in population genetics and forensics. We suggest
further extending this study encompassing a greater
more number of samples. It can be conducted by using
the representative samples belonging to varied castes/
ethnic groups while keeping the immigration routes
of the human population in Haryana and Rajasthan
states under consideration. In addition, the fine scale
understanding of population assignment can be aided
by application of genomic data using next generation
sequencing. In addition, based on the DNA technology,
Regulation bill was enacted by the Ministry of Science
and Technology of the Indian Government in Lok Sabha
(2019). The presently conducted study would aid in the
development of DNA Data Banks at national, as well as
state, levels.
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