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ABSTRACT A total of 461 randomly selected unrelated subjects belonging to three selected caste populations of
Jammu district of Jammu and Kashmir (J&K) viz., the Brahmin, Rajput, and Bania were typed using standard PCR-
RFLP technique for a battery of five SNPs (Single Nucleotide Polymorphisms) namely NAT2, ADH2, PSCR, T2, and
ALAD. The objective of the present study was to characterize these populations genetically and assess the degree of
genetic differentiation and genetic affinities among them. The results revealed that the present caste populations
were moderately differentiated (Gst =0.0105).The genetic distance analysis demonstrated that the Rajput and Bania
were in close genetic affinities while the Brahmin population was somewhat distant. In conclusion, the present
investigation documented the underlying genomic uniformity in the people of the Jammu district.

INTRODUCTION

Generally, the human DNA polymorphisms are
categorized into two major groups, one based on
nucleotide substitution, i.e., single nucleotide poly-
morphisms (SNPs), and the other is an insertion/
deletion (InDel) polymorphism in which a specif-
ic nucleotide sequence is either present (inser-
tion) or absent (deletion). While not as common
as SNPs, InDels are widely spread across the ge-
nome (Weber et al. 2002). Due to their abundance
in the genome and ease of their conventional and
high-throughput genotyping, both SNPs and In-
Dels are the most commonly used DNA markers
for the analyses of population genetic variation.
They are highly informative in ascertaining rela-
tionships between individuals and populations
(Deininger and Batzer 1999) and offer great op-
portunities for detailed analysis of genetic diver-
sity present within and between different human
populations and human evolution in general.

Nowhere in the world are people distributed
in such a large number of ethnic, caste, religious
and linguistic groups as in India (Bhasin 2006). It
is believed that the Indian populations are genet-
ically unique and harbour the second highest
genetic diversity stock after the Africans (Tamang
and Thangraj 2012). Therefore, India offers an
excellent opportunity to study human socio-cul-
tural and genetic variability. Several genome di-
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versity studies based on bi-allelic InDel and SNP
polymorphisms have revealed that there was a
high level of genomic diversity among human
populations of various ethnic groups inhabiting
different regions of the country (Majumder et
al.1999; Mukherjee et al. 2000; Bamshad et al.
2001, Veerraju et al. 2001, 2008; Chakrabarti et al.
2002, Kaur et al. 2002, Basu et al. 2003, Vish-
wanathan et al. 2004; Ravindranath et al. 2005;
Mastana 2007; Vijaya etal. 2007; Gauniyal et al.
2008, 2011; Kanthimathi et al. 2008; Saraswathy
etal. 2008, 2009; Tripathi et al. 2008; Meitei et al.
2010; Dadaetal. 2011; Kshatriyaetal. 2011,2019;
Mondal et al. 2011; Yadav and Arora 2011; Pan-
jaliyaetal. 2010, 2012,2013; Saini et al. 2012;
Sharma et al. 2012; Krishnaveni and Prabhakaran
2015; Chinniah etal. 2016; Devaetal. 2016; Lay-
bourn etal. 2016; Panmei et al. 2016; Singh etal.
2016,2017; Bala etal. 2019; Singh and Bhanwer
2019; Singh et al. 2020). These studies also dem-
onstrated that most of the genetic diversity in
people of India was found within populations rath-
er than between populations. The North Indian
state of Jammu and Kashmir (J&K) is linguistical-
ly and ethnically diverse, but only a few studies
have been reported in the literature on the ge-
nomic diversity among its people (Panjaliya et al.
2010,2012,2013; Singh et al. 2020).

Objectives

The objectives of the present human popula-
tion genetics study were, first to establish the
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genomic profiles of three major endogamous caste
populations of Jammu district of North Indian
state of Jammu and Kashmir viz., the Brahmin,
Rajput, and Bania using a battery of 5 SNP mark-
ers viz., NAT2 (rs1799929), ADH2 (rs2066701),
PSCR (rs34672281), T2 (rs6313) and ALAD
(rs1139488) and second to compare the allele and
genotype frequency distribution of each of the
studied markers in the present caste populations
with those of the people inhabiting different states
of North India. Finally, the genetic structure was
studied to evaluate heterozygosity, gene differ-
entiation, and genomic similarities and differences
among the present populations.

MATERIAL AND METHODS
Sample Collection

The ethical clearance for this study was ob-
tained from the Institutional Ethical Committee of
the Punjabi University, Patiala (Punjab). After the
informed consent, intravenous blood samples (3-
5 ml each) were collected in EDTA Na, vials from
atotal of 461 subjects (154 Brahmin, 155 Rajput,
152 Bania) from the Jammu district of Jammu and
Kashmir state in different field works spread over
April 2018- December 2019. In the laboratory in
the Department of Human Genetics, Punjabi Uni-
versity, Patiala. DNA was extracted from the blood
samples following the salting out method of Mill-
er et al. (1988). The quality and quantity checks
of'the extracted DNA were carried out using aga-
rose gel electrophoresis and spectrophotometer.

Amplification and Genotyping

The DNA was amplified using the polymerase
chain reaction (PCR) technique in 0.5 ml Eppen-
dorf vials containing 7.5ul of Master Mix (G-Bio-
sciences), 0.75ul each of forward and reverse prim-
ers, 5.0ul of nuclease-free water (New England
Bio Labs), and 1.0ul of template DNA. Amplifica-
tion was carried in a Thermal Cycler (Applied Bio-
systems 2720), and amplicons were digested us-
ing a respective restriction enzyme, followed by
1.5-2.5% agarose gel electrophoresis to separate
DNA fragments. Genotypes were read under UVP
GelDoc-It Imaging System and recorded. The prim-
er sequences, annealing temperature, and restric-
tion enzymes used for typing the present markers
are listed in Table 1.
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Table 1: Primer sequences, annealing temperatures, and restriction enzymes used for genotyping various SNPs

Reference

Restriction

Annealing

Primer sequence

SNP(Accession 1D)

enzyme

temperature

Cascorbi et al. (1996)

Kpnl

63°C

Forward Primer: 5° - GAC ATT GAA GCA TAT TTT GAA A — 3’
Reverse Primer: 5° - GAT GAA AGT ATT TGA TGT TTA G - 3’
Forward Primer: 5° - ATA TTT ATT TTA CCC TAA ACT TAT - 3’
Reverse Primer: 5° - GAG CTA AAA CAT ACT TTG GAT AG - 3’

Forward Primer: 5° - GGG TTC TAA AGG GAA GAAA -3’

Reverse Primer

NAT2 (rs1799929)

Mulligan et al. (2003)

Rsal

530C

ADH2 (rs2066701)

Taql Stinissen and

65°C

PSCR(rs34672281)

Broeckhovn (1991)
Mukherjee et al. (2000)

: 57 - CCT AAC AGA GGT CACAAG G -3

Mspl

57°C

:5°- CGT CTG CTA CAAGTTCTG GCT T - 3’

Forward Primer: 5°- CTG CAG CTT TTT CTC TAG GG - 3’
Reverse Primer

T2 (rs6313)

Astrin et al. (1991)

Rsal

58.9°C

Forward Primer: 5° - AGA CAG ACA TTA GCT CAG TA - 3°
Reverse Primer: 5° - GGC AAA GAC CAC GTC CAT TC - 3’

ALAD (rs1139488)
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Statistical Analysis

The allele frequencies were calculated from
the genotype count data by the gene counting
method following Mourant et al. (1976). For each
marker, the Hardy-Weinberg Chi-square (%)
test was applied to check significant deviations,
if any, from the genetic equilibrium in the studied
caste populations of the Jammu district. The con-
tingency Chi-square () test was used to study
inter-population differences. The extent of gene
differentiation was determined by the method of
Nei’s measures of gene diversity (Nei 1973), and
genetic similarities and differences were studied
by Nei’s genetic distance measure D (Nei 1972).
The dendrograms were constructed using program
PHYLIP, version 3.695 (Felsenstein 2005).

RESULTS

The distribution of genotypes and allele fre-
quencies of the five studied SNPs viz., NAT2,
ADH2,PSCR, T2, and ALAD in the Brahmin, Ra-
jput, and Bania populations of Jammu district of
Jammu and Kashmir (J&K) is presented in Table 2.
All markers were found to be highly polymorphic
in each of the present caste populations. The good-
ness of fit Hardy-Weinberg ()°,,,) test revealed
statistically non-significant differences between
the observed and expected genotype distributions
for all the studied SNPs suggesting that each studied
population was in genetic equilibrium.

All markers showed three possible genotypes
in the present castes (++, +-, - -) (Table 2). The
table shows that the frequency of the + allele of
NAT2 polymorphism was observed 0.6623 in the
Brahmin, which was comparatively higher than
that recorded in the Rajput (0.5677) and Bania
(0.5197) populations. The + allele frequency of
the ADH2 marker was found to be highest in the
Rajput (0.4677), followed by the Bania (0.4342),
and the Brahmin showed a relatively low frequen-
cy of the allele (0.3182).The frequency of the +
allele of the PSCR marker was recorded high in
the Bania (0.4770), followed by the Brahmin
(0.4156) and Rajput (0.3710). Like NAT?2, for the
T2 marker also the + allele frequency was found
to be highest in the Brahmin (0.5584), followed by
the Rajput (0.5290) and Bania (0.4803). The + al-
lele frequency of ALAD was observed most ele-
vated in the Brahmin (0.2597) and lowest in the
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Bania (0.1743), while the Rajput showed a value
(0.1839) in between them.

Contingency Chi-square (x?)

The contingency Chi-square (%) test values
of the 5 studied SNPs viz., NAT2, ADH2, PSCR,
T2, and ALAD in the present caste populations
of the Jammu district of J&K are presented in
Table 3. The table shows statistically significant
differences in the genotype distribution of 3 SNPs
(NAT2, ADH2, ALAD) between the present Brah-
min and Rajput populations and between the Brah-
min and Bania populations. On the other hand,
such differences between the Rajput and Bania
populations were observed only for a single SNP
(PSCR). Therefore, this statistical test demonstrat-
ed comparatively more genotypic homogeneity
between the latter caste populations of the Jammu
district.

Heterozygosity

The heterozygosity (h) estimates and aver-
age heterozygosity (H) for the studied 5 SNP loci
in the Brahmin, Rajput, and Bania populations of
the Jammu district of J&K are presented in Table
4. The table shows that barring ALAD locus, all
the remaining 4 SNP loci showed consistently
high values of heterozygosity (h>40%) in the stud-
ied populations, ranging from 0.4473 in the Brah-
min to 0.4992 in the Bania at NAT2 locus, ranging
from 0.4339 in the Brahmin to 0.4979 in the Rajput
at ADH2 locus, ranging from 0.4667 in the Rajput
to 0.4989 in the Bania at PSCR locus, ranging
from 0.4932 in the Brahmin to 0.4992 in the Bania
at T2 locus and ranging from 0.2878 in the Bania
t0 0.3845 in the Brahmin at ALAD locus. The aver-
age heterozygosity (H) was 0.4489 in the Brah-
min, 0.4508 in the Rajput, and 0.4553 in the Bania,
suggesting that the latter caste was genetically
more heterogeneous than the former two castes
(Table 4).

Gene Diversity

The results of gene diversity analysis of the
five studied SNPs in the Brahmin, Rajput, and
Bania populations of the Jammu district are given
in Table 5.The intra-populational gene diversity
(H,) varied widely from 0.3242 at the ALAD locus
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Table 3: Contingency Chi-square (x?) test (d.f. 2) values of different SNPs in the caste populations of Jammu
district of Jammu and Kashmir

SNP Brahmin vs. Rajput Brahmin vs. Bania Rajput vs. Bania

x p x p x p
NAT2 8.9907" 0.0111 11.2277* 0.0036 4.6813 0.0962
ADH2 15.2690° 0.0004 10.9719" 0.0041 0.9400 0.6250
PSCR 1.2755 0.5284 3.7029 0.1570 8.1948" 0.0166
T2 0.4904 0.7825 3.3974 0.1829 1.3304 0.5141
ALAD 6.2594" 0.0437 8.2738" 0.0159 0.1706 0.9182

*Statistically signifi 0.05
atistically significant (=0.03) versity (0.0048). The coefficient of gene differen-

Table 4: Distribution of heterozygosity (h) and av- tation (GST)’ a measure of gene differentiation,
erage heterozygosity (H) of different SNPs in the re}nged from a low 0f 0.0042 at the T2 100}15 toas
caste populations of the Jammu district of Jammu high as 0.0170 at the ADH2 locus, showing that
and Kashmir the former locus was the least differentiated and
the latter was the most differentiated in the present
Jammu populations. The average G, value over
Brahmin  Rajput Bania  all five loci in the present material was recorded
0.0105, which demonstrated moderate genetic dif-

SNP locus Heterozygosity (h)

NAT2 0.4473  0.4908 0.4992 ferentiation in the present caste populations of
ADH2 0.4339 0.4979 0.4913 .

PSCR 0.4858 04667 0.4989  Jammudistrictof J&K.

T2 0.4932  0.4983 0.4992

ALAD 0.3845 0.3002 0.2878 Genetic Distance

Average heterozygosity (H) 0.4489 0.4508 0.4553

A UPGMA (unweighted pair group method with

t00.4969 at the T2 locus with an average 0f 0.4517.  arithmetic mean) dendrogram was constructed (Fig.
The value of inter-subpopulational gene diversi- 1) to comprehend the overall genomic similarities
ty (D...) ranged from a low 0£0.0021 at T2 to a high and differences in the present caste material of the
0f0.0082 at ADH2 with an average of0.0048. The ~ Jammu district, based on D (genetic distance) val-
gene diversity in the total population (H,) fluctu- ~ Ues- The figure showed that the Rajput and Bania
ated from 0.3271 at ALAD locus to 0.4990 at T2 were in .close genetic affinities while the Brahmin
locus with an average 0f 0.4565. Thus in the present ~ population was distant from both of them.

caste material of the Jammu district, the gene di-

versity in the total population (0.4565) was found DISCUSSION

to be primarily attributable to intra-subpopula- ]

tion gene diversity (0.4517), and only a tiny frac- The allele frequency results obtained from the
tion was due to inter-subpopulational gene di- ~ Ppresentstudy on caste populations of Jammu dis-

Table 5: Measures of gene diversity (H,, Hy, Dg;) and coefficient of gene differentiation (G;) estimates
of different SNPs in the caste populations of Jammu district of Jammu and Kashmir.

SNP locus Total gene diversity Intra-subpopulational Inter-subpopulational Coefficient of gene
of the population (H,) gene diversity (H,) gene diversity (Dg)(H,-H,) differentiation
GOy / Hy)
NAT2 0.4861 0.4791 0.0070 0.0114
ADH2 0.4826 0.4744 0.0082 0.0170
PSCR 0.4876 0.4838 0.0038 0.0077
T2 0.4990 0.4969 0.0021 0.0042
ALAD 0.3271 0.3242 0.0029 0.0089
Average 0.4565 0.4517 0.0048 0.0105

Int J Hum Genet, 21(2): 70-78 (2021)
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Brahmin

1 — Rajput

Fig.1. UPGMA dendrogram constructed using data
from 5 studied SNPs showing genetic relation-
ships among the present Brahmin, Rajput, and
Bania populations of the Jammu district of Jam-
mu and Kashmir

trict of North Indian state of Jammu and Kashmir
were compared with such data available in the
literature on other populations of North India in-
habiting the states of Punjab, Rajasthan, and Ut-
tar Pradesh (Table 6). The frequency of the +
allele for NAT2 polymorphism ranged from 0.519
to 0.662 in the present Jammu populations, which
fitted into the range reported in various North
Indian populations (0.423-0.730). For the ADH2

marker, the frequency of the + allele in the present
populations ranged from 0.318 to 0.467, which
fitted in the range observed in different North
Indian populations (0.429-0.519). The frequency
of the + allele of the PSCR marker in the present
Jammu populations (range 0.371 to 0.477) fitted in
the range found in populations of North India
(0.176-0.475). For the T2 marker, the frequency of
the + allele ranged from 0.480 to 0.558 in the present
populations, which fitted in the range observed
in the populations of North India (0.407-0.650).
The ALAD marker + allele frequency range in the
present Jammu populations (0.174-0.259) did not
fit into the range found in the North Indian pop-
ulations (0.571-0.602). Thus, in terms of the allele
frequencies, barring ALAD, the + allele frequen-
cies observed in present caste populations of the
Jammu district of Jammu and Kashmir were simi-
lar to those of various North Indian populations.

Table 7 shows values of average heterozy-
gosity and genic differentiation in populations of
North India. The range of average heterozygosi-
ty (H) in the present populations of Jammu dis-
trict of J&K (0.4489-0.4553) was higher than that
reported in five populations of Punjab (0.3816-
0.4163, Singh et al. 2016) but lower than that of
two Tharu tribal groups of Uttar Pradesh (0.462-
0.467, Chakrabarti et al. 2002). Therefore, the
present populations showed higher genetic vari-

Table 6: Distribution of various SNPs in populations inhabiting different geographical regions of

North India
Region Population ~ Sample Frequency of the + allele Reference
State size
District NAT2 ADH2 PSCR T2 ALAD
NORTH INDIA
Jammu and Kashmir
Jammu district Brahmin 154 0.662 0.318 0.415 0.558 0.259 Present study
Jammu district Rajput 155 0.567 0.467 0.371 0.529 0.183
Jammu district Bania 152 0.519 0.434 0.477 0.480 0.174
Punjab Bania 184 - - 0.497 - Singh et al. (2016)
Brahmin 194 - - 0.546 -
Jat Sikh 208 - - 0.461 -
Khatri 199 - - 0.450 -
Scheduled Castes 236 - - - 0.466 -
Uttar Pradesh Katharia Tharu 37 0.730 0.429 0.203 0.514 0.571 Chakrabarti et al. (2002)
Rana Tharu 54 0.722 0.519 0.176  0.407 0.602
Rajasthan Bhil 47 0.659 - 0.475 0.619 - Dada et al. (2011)
Mina 31 0.466 0.285 0.466 -
Saharia 30 0.703 0.469 0.560 -
Garasia 53 0.423 0.437 0423 -
Damaria 26 0.532 0.450 0.514 -
Rajput 34 0613 0.424 0.650 -

Int J Hum Genet, 21(2): 70-78 (2021)
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Table 7: Average heterozygosity and genic differentiation in populations of North India

State Population Number of Average Genic Reference
markers heterozygosity differentiation
(H) G/ Fe)
Jammu and Brahmin 5 0.4489 0.0105 Present study
Kashmir Rajput 5 0.4508
Bania 5 0.4553
Punjab Brahmin 7 0.4023 0.0166 Singh et al. (2016)
Bania 7 0.3816
Jat Sikh 7 0.3888
Khatri 7 0.4163
Scheduled Castes 7 0.4013
Uttar Pradesh ~ Katharia Tharu 25 0.467 - Chakrabarti et al. (2002)
Rana Tharu 25 0.462
Rajasthan Bhil 12 - 0.049 Dada et al. (2011)
Mina 12 -
Saharia 12 -
Garasia 12 -
Damaria 12 -
Rajput 12 -

ation than the populations of Punjab, but the ex- ]
tent of variation was lower than the populations Brahmin JK
of Uttar 'Pr'adesh. As for the measure of genic —[ Saharia R

differentiation, the present populations showed

avalue (G=0.0105) similar to populations of Pun- Bhil R
jab (F;=0.0166, Singh et al. 2016) but much lower 'I: .
than that reported in populations of Rajasthan Rajput R
(G4;=0.049, Dada et al. 2011). This suggests that — Rajput JK
the degree of genic differentiation with respect to the .
studied loci was comparable to populations of Pun- Bania JK
jab but was much lower than that of populations _[ Damaria R
of Rajasthan. 7]

A UPGMA dendrogram was constructed us- Garsia R
ing genetic distance (D) values based on a data- .
base available on three common SNPs viz., NAT2, Mo R
PSCR, and T2 (Fig. 2) for the present populations — KT UP
and select North Indian populations, in this case, L
populations of Rajasthan and Uttar Pradesh, to RT UP

understand the overall genomic similarities and

dlfferences. among them. The figure Showed that Fig. 2. UPGMA dendrogram constructed using data

the Brahmin population of the Jammu district of ~ from 3 common SNPs (NAT2, PSCR, and T2) among

Jammu and Kashmir was placed together in a sub- the present caste populations of Jammu and Kashmir
. : : : and various other populations reported from North

cluster with the Saharia pqpulatlon ofRaJasthan. Indian states of Jammu and Kashmir (JK), Rajasthan

In contrast, the present Rajput and Bania popula- (R), and Uttar Pradesh (UP)

tions were positioned in a sub-cluster along with KT= Katharia Tharu, RT= Rana Tharu

the Damaria population of Rajasthan.

mu district of the North Indian state of Jammu

CONCLUSION and Kashmir revealed a high level of genetic vari-

] ) ability, and they were moderately differentiated.

The present genomic study on the Brahmin, The genetic distance analysis demonstrated that
Rajput, and Bania caste populations of the Jam-  the Rajput population was in close genetic affin-

Int J Hum Genet, 21(2): 70-78 (2021)
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ities with the Bania population than the Brahmin
population. In general, the allele frequencies of
different SNPs in the present caste populations
of Jammu and Kashmir fitted into the range re-
ported in various other populations of North In-
dian states of Punjab, Rajasthan, and Uttar
Pradesh, and genetic distance analysis using lim-
ited common markers and populations demon-
strated close genetic affinities with populations
of Rajasthan.

RECOMMENDATIONS

Further studies on populations inhabiting oth-
er districts of Jammu and Kashmir using the
present and other molecular markers are required
to fully appreciate the genomic diversity present
in the people of this North Indian state.

ACKNOWLEDGMENT

Anu Raina is thankful to the University Grants
Commission, Govt. of India, New Delhi, for the
financial assistance for this work.

REFERENCES

Astrin KH, Kaya AH, Wetmur JG, Desnick RJ 1991. Rsal
polymorphism in the human §-aminolevulinate de-
hydratase gene at 9q34. Nucleic Acids Res, 19: 4307.

Bala M, Chahal SMS, Jamwal D, Raina A, Raina V 2019.
Distribution of human-specific Alu insertion/deletion
polymorphisms in the Gaddi tribe of Kangra district,
Himachal Pradesh (North India). J Hum Ecol, 68:
11-15.

Bamshad M, Kivisild T, Watkins WS, Dixon ME, Ricker
CE, Rao BB, Naidu JM, Prasad BV, Reddy PG, Rasan-
ayagam A, Papiha SS, Villems R, Redd AJ, Hammer
MF, Nguyen SV, Carroll ML, Batzer MA, Jorde LB
2001. Genetic evidence on the origins of Indian caste
populations. Genome Res, 11: 994-1004.

Basu A, Mukherjee N, Roy S, Sengupta S, Banerjee S,
Chakraborty M, Dey B, Roy M, Roy B, Bhattacharya
NP, Majumder PP 2003. Ethnic India: A genomic
view with special reference to peopling and structure.
Genome Res, 13: 2277-2292.

Bhasin M K 2006. Genetics of castes and tribes of India:
Indian population milieu. Int J Hum Genet, 6: 233-
274.

Cascorbi I, Brockmgller J, Mrozikiewicz PM, Bauer S,
Loddenkemper R, Roots I 1996. Homozygous rapid
arylamine N-acetyltransferase (NAT2) genotype as a
susceptibility factor for lung cancer. Cancer Res, 56:
3961-3966.

Chakrabarti CS, Roy M, Sengupta NK, Lalthantluanga
R, Majumder PP 2002. Genetic relationships among

Int J Hum Genet, 21(2): 70-78 (2021)

77

some tribal groups inhabiting the north-eastern, east-
ern and sub-Himalayan regions of India. Ann Hum
Genet, 66: 361-368.

Chinniah R, Vijayan M, Thirunavukkarasu M, Mani
D, Raju K, Ravi PM, Sivanadham R, Kandeepan C,
Mahalakshmi N, Karuppiah B 2016. Polymorphic
Alu insertion/deletion in different caste and tribal
populations from South India. PL0oS One, 11: 1-13.

Dada R, Saraswathy KN, Meitei KS, Mondal PR, Kaur
H, Kucheria K, Bhardwaj S, Idris G 2011. Genetic
sketch of six population groups of Rajasthan: A
study based on 12 autosomal loci. Anthropol Sci,
119: 259-264.

Deininger PL, Batzer MA 1999. Alu repeats and hu-
man disease. Mol Genet Metab, 67: 183-193.

Deva A, Nandakumar R, Raghu P, Prabhakaran K 2016.
Autosomal DNA polymorphisms of four South In-
dia tribal populations. World Scientific News, 35:
62-72.

Felsenstein J 2005. PHYLIP (Phylogeny Inference Pack-
age) \ersion 3.6. Seattle: Department of Genome Sci-
ences, University of Washington.

Gauniyal M, Aggarwal A, Kshatriya GK 2011. Genom-
ic structure of the immigrant Siddis of East Africa
to Southern India: A study of 20 autosomal DNA
markers. Biochem Genet, 49: 427-442.

Gauniyal M, Chahal SMS, Kshatriya G K 2008. Genetic
affinities of the Siddis of South India: An emigrant
population of East Africa. Hum Biol, 80: 251-270.

Kanthimathi S, Vijaya M, Ramesh A 2008. Genetic study
of Dravidian castes of Tamil Nadu. J Genet, 87: 175-
179.

Kaur I, Roy S, Chakrabarti S, Sarhadi VK 2002. Ge-
nomic diversities and affinities among four endoga-
mous groups of Punjab (India) based on autosomal
and mitochondrial DNA polymorphisms. Hum Biol,
74: 819-836.

Krishnaveni A, Prabhakaran K 2015. Genomic diversity
and affinities among four Dravidian tribal populations
of South India: A study on eighteen autosomal DNA
markers. GJSFR, 15: 13-22.

Kshatriya GK, Aggarwal A, Khurana P, Italia YM 2011.
Genomic congruence of Indo-European speaking tribes
of western India with the Dravidian-speaking popula-
tions of southern India: A study of 20 autosomal DNA
markers. Ann Hum Biol, 38: 583-591.

Kshatriya GK, Panmei T, Kameih G 2019. Alu inser-
tion-deletion polymorphisms in the Tibeto-Burman
speaking tribal groups of Manipur, North-East In-
dia. Gene Rep, 15: 1-5.

Laybourn S, Akam EC, Cox N, Singh P, Mastana SS
2016. Genetic analysis of novel Alu insertion poly-
morphisms in selected Indian populations. Am J
Hum Biol, 6: 941-944.

Majumder PP, Roy B, Banerjee S, Chakraborty M, Dey
B, Mukherjee N, Roy M, Thakurta PG, Sil SK 1999.
Human-specific insertion/deletion polymorphisms
in Indian populations and their possible evolution-
ary implications. Eur J Hum Genet, 7: 435-446.

Mastana SS 2007. Molecular Anthropology: Popula-
tion and forensic genetic applications. Anthropolo-
gist, 3: 373-383.



78 ANU RAINA, S. M. S. CHAHAL, DHEERAJ JAMWAL ET AL.

Meitei KS, Meitei SY, Asghar M, Achoubi N, Murry B,
Mondal PR, Sachdeva MP, Saraswathy KN 2010. A
genomic insight into the peopling of Manipur, India.
Genet Test Mol Biomarkers, 14: 765-73.

Miller SA, Dykes DD, Polesky HF 1988. A simple salt-
ing out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Res, 16: 1215.

Mondal PR, Saksena D, Sachdeva MP, Murry B, Meitei
KS, Samtani R, Saraswathy KN 2011. The genomic
similarities with linguistic difference: a study among
the Oraon and Munda tribes of the Ranchi District,
Jharkhand, India. Genet Test Mol Biomarkers, 15: 443-
449.

Mourant AE, Kopec AC, Domaniewska-Sobczak K 1976.
The Distribution of the Human Blood Groups and
Other Polymorphisms. 2" Edition. London: Oxford
University Press.

Mukherjee N, Mitra M, Chakraborty M, Majumder PP
2000. Congruence of genomic and ethnolinguistic
affinities among five tribal populations of Madhya
Pradesh (India). J Genet, 79: 41-46.

Mulligan CJ, Robin RW, Osier MV, Sambuughin N, Gold-
farb LG, Kittles RA, Hesselbrock D, Goldman D, Long
JC 2003. Allelic variation at alcohol metabolism genes
(ADHI1B, ADHIC, ALDH2) and alcohol dependence
in an American Indian population. Hum Genet, 113:
325-336.

Nei M 1972. Genetic distance between populations. Am
Nat, 106: 283-292.

Nei M 1973. Analysis of gene diversity in subdivided pop-
ulations. USA: Proc Natl Acad Sci, 70: 3321-3323.
Panjaliya RK, Dogra V, Kumar P, Gupta S 2012. Human-
specific Aluinsertion/deletion polymorphisms in var-
ious population groups of Jammu region. Int J Hum

Genet, 12: 311-317.

Panjaliya RK, Gupta D, Raina JK, Bhardwaj R, Gupta A,
Kumar P 2013. Study of genetic variation of Alu
CD4, LPL Pvull and ESR1-Pvull in different popula-
tion groups of Jammu Region (J&K). Int J Adv Biol,
2: 26-30.

Panjaliya RK, Kumar P, Dogra V, Gupta S 2010. Human-
specific Alu insertion/deletion polymorphisms in Guj-
jar population of Jammu region of (J&K) State.
Biomed Pharmacol J, 3: 111-115.

Panmei T, Kameih G, Kshatriya GK 2016. A study of 21
human specific autosomal DNA markers among tribal
populations of Northeast India and their possible evo-
lutionary consequences. Proc 12th Int Conf Human-
ities and Social Sci, 17: 651-661.

Ravindranath VM, Laxmi N, Ramesh M, Veeraju P 2005.
Alu insertion/deletion polymorphism in Yadava pop-
ulation of Andhra Pradesh, South India. Int J Hum
Genet, 5: 223-224.

Saini JS, Kumar A, Matharoo K, Sokhi J, Badaruddoza,
Bhanwer AJS 2012. Genomic diversity and affinities
in population groups of North West India: an analysis
of Alu insertion and a single nucleotide polymorphism.
Gene, 511: 293-299.

Saraswathy KN, Kiranmala N, Murry B, Sinha E, Sakse-
na D, Kaur H, Sachdeva MP, Kalla AK 2009. A ge-
nomic insight into diversity among tribal and non-

Int J Hum Genet, 21(2): 70-78 (2021)

tribal population groups of Manipur, India. Biochem
Genet, 47: 694-706.

Saraswathy KN, Sachdeva MP, Mukhopadhyay R, Shukla
D, Kiranmala ND, Rawat S, Rao AP, Kalla AK 2008.
Diversified genomic contribution among south Indian
populations - A study on four endogamous groups of
Andhra Pradesh. Ann Hum Biol, 35: 499-508.

Sharma G, Tamang R, Chaudhary R, Singh VK, Shah AM,
Anugula S, Rani DS, Reddy AG, Eaaswarkhanth M,
Chaubey G, Singh L, Thangaraj K 2012. Genetic Affin-
ities of the Central Indian Tribal Populations. PL0S
ONE, 7: 1-8.

Singh G, Bhanwer AJ 2019. Distribution of angiotensin
converting enzyme gene (insertion/deletion) polymor-
phism in Indian populations. Gene Rep, 14: 110-113.

Singh G, Talwar I, Sandhu HS, Matharoo K, Bhanwer AJS
2017. Genetic dissection of five ethnic groups from
Punjab, North-West India - A study based on autoso-
mal markers. Legal Medicine, 26: 25-32.

Singh G, Talwar I, Sharma R, Matharoo K, Bhanwer AJ
2016. Genetic differentiation and population struc-
ture of five ethnic groups of Punjab (North-West
India). Mol Genet Genom, 291: 2055-2063.

Singh M, Sarkar A, Kumar D, Nandineni MR 2020.The
genetic affinities of Gujjar and Ladakhi populations
of India. Sci Rep, 10: 1-12.

Stinissen P, Van Broeckhoven, C 1991. PCR detection of
the frequent Taql RFLP at locus D21S13E. Nucleic Ac-
ids Res, 19: 2516.

Tamang R, Thangaraj K 2012. Genomic view on the
peopling of India. Investig Genet, 3: 1-9.

Tripathi M, Tripathi P, Chauhan UK, Herrera RJ, Agraw-
al S 2008. Alu polymorphic insertions reveal genetic
structure of north Indian populations. Hum Biol, 80:
483-499.

Veerraju P, Demarchi DA, Laxmi N, Rao V 2008. Inser-
tion/deletion polymorphisms in Indian tribal popula-
tions. Int J Hum Genet, 8: 75-83.

Veerraju P, Rao TV, Lakshmi N, Reshmi S, Dey B, Ma-
jumder PP 2001. Insertion/deletion DNA polymor-
phisms in two south Indian tribal populations. Int J
Hum Genet, 1: 129-132.

Vijaya M, Kanthimathi S, Srikumari CR, Reddy PG, Ma-
jumder MM, Ramesh A 2007. A study on Telegu im-
migrants of Tamil Nadu, South India. Int J Hum Gen-
et, 7: 303-306.

Vishwanathan H, Deepa E, Cordaux R, Stoneking M,
Usha Rani MV, Majumder PP 2004. Genetic structure
and affinities among tribal populations of southern
India: a study of 24 autosomal DNA markers. Ann
Hum Genet, 68: 128-138.

Weber JL, David D, Heil J, Fan Y, Zhao C, Marth G
2002. Human diallelic insertion/deletion polymor-
phisms. Am J Hum Genet, 71: 854-862.

Yadav AS, Arora P 2011. Genomic diversities and affin-
ities among eight endogamous groups of Haryana (In-
dia): A study on insertion/deletion polymorphisms.
Ann Hum Biol, 38: 114-118.

Paper received for publication in February, 2021
Paper accepted for publication in March, 2021



