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Abstract X chromosomal short tandem repeats have the
potential to complement the analyses of the autosomal, Y
chromosomal, and mitochondrial DNA markers in forensics
and population genetics, and extensive research on X
chromosomal markers is being carried out. In the present
study, a decaplex for the co-amplification of ten X
chromosomal microsatellite loci (DXS6807, DXS8378,
DXS7132, DXS6809, DXS6789, DXS101, DXS7133,
GATA172D05, HPRTB, and GATA31E08) was optimized
and 749 blood samples of unrelated male individuals from
the four major linguistic families of India were analyzed.
The number of alleles for the studied loci ranged from 7–16
while the gene diversity values varied from 0.408 to 0.855.
Two new alleles were observed for the loci DXS101 and
HPRTB. Statistical parameters of forensic interest were
calculated and all loci were found to be polymorphic. High
power of discrimination was observed for the loci DXS101,
DXS6809, and DXS6789. The present study demonstrates
the efficacy of these X-linked markers for human identifi-
cation and kinship analysis.
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Introduction

In the recent years, X chromosome short tandem repeats
(X-STRs) have drawn attention due to their utility in
complex kinship cases, deficiency paternity cases, and
identifying the female traces in mixtures of biological
fluids [1]. In a father/daughter or mother/son parentage
determination scenario, X chromosome markers are more
effective than autosomal due to high mean exclusion
chance. X chromosome markers are also efficient in the
detection of female traces in mixtures with predominant
male contribution [2]. Study of X-STR polymorphism in
Indian population would enable the use of these markers for
forensic casework.

India is a land of genetic, cultural, linguistic, and
biological diversity. The biological diversity is mainly due
to its location, being placed at the tri-junction of the
African, the Northern Eurasian, and the Oriental realm
[3]. Indian population can be sub-structured on the basis
of ethnicity, linguistic lineages, and social hierarchy. The
four major linguistic families of India are Indo-European
(IE), Dravidian (DR), Tibeto-Burman (TB), and Austro-
Asiatic (AA). The social structure includes castes and
tribes. People belonging to various linguistic families
inhabit different geographical regions of the country and
display considerable genetic diversity [4]. In the present
study, ten polymorphic X-STR markers were analyzed in
11 endogamous populations of India. The samples were
collected from unrelated males representing all the major
linguistic families and geographical regions of the
country.
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Materials and methods

Sample collection

Seven hundred and forty-nine blood samples from unrelat-
ed healthy male individuals were collected with informed
consent following protocols approved by Institutional
Ethics Committee. Blood samples from Balmiki (62),
Sakaldwipi Brahmin (65), Kanyakubja Brahmin (78),
Konkanastha Brahmin (71), and Mahadev Koli (65)
populations belonging to IE group; Iyengar (66), Kurumans
(67), and Gond (75) populations belonging to DR group;
Tripuri (65) and Riang (67) populations of TB group; and
Munda (68) population belonging to AA group were
collected from six states of India as summarized in Table 1
(supplementary data).

DNA isolation and quantitation

Genomic DNA was isolated from the blood samples by the
phenol-chloroform organic extraction method. DNA was
quantified using Quantifiler® Human DNA Quantification
Kit according to the manufacturer’s protocol employing
7500 Real-Time PCR System (Applied Biosystems, Foster
City, CA).

Amplification and genotyping

Approximately 1–2 ng of DNA was amplified for ten
microsatellite loci (DXS6807, DXS8378, DXS7132,
DXS6809, DXS6789, DXS101, DXS7133, GATA172D05,
HPRTB, and GATA31E08). Multiplex amplification was
performed in a single PCR in GeneAmp® PCR System
9700 (Applied Biosystems, Foster City, CA) following the
protocol of Turrina et al. [5]. The experiments were
conducted in accordance with quality control measures
and using cell lines 9947A, 9948, and K562 from Promega
Corp. (Promega, Madison, USA) as standard reference
materials [6]. The amplified products were electrophoresed

on an ABI PRISM® 3100 Genetic Analyzer with POP4
polymer using 1 µl of the amplified product, 8.5 µl of
formamide, and 0.5 µl of GeneScan™ LIZ-500 size
standard (Applied Biosystems, Foster City, CA). The data
was analyzed with GeneMapper® ID Software v3.2
(Applied Biosystems, Foster City, CA). Genotypes for the
cell lines were recorded according to the recommendations
of Szibor et al. and Gusmao et al. [6, 7].

Sequencing of alleles

Three to six alleles of each locus were sequenced for
confirmation of repeat number and structure. In this study,
new alleles were observed for the loci DXS101 and
HPRTB. Few rare intermediate alleles were also observed
for the locus HPRTB. The repeat number and structure of
the alleles at these loci were determined as described
previously [8, 9]. The alleles were confirmed by bidirec-
tional sequencing using Big Dye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA) and
published primers.

Statistical analysis

Allele frequencies for the ten X-STR loci were calculated
by Genepop program [10]. Arlequin program v3.1 was used
to compute the gene diversity, p values of exact test for
linkage disequilibrium, population pairwise genetic distan-
ces (FST and RST), and analysis of molecular variance
(AMOVA) among the studied populations [11]. For the
evaluation of forensic efficiency of the decaplex, various
statistical parameters were calculated with Chromosome X
website software (http://www.chrx-str.org) [12].

Results and discussion

Allele frequency data for the 10 X-STRs in 11 endogamous
populations of India is reported in Table 2 (supplementary
data). The number of alleles ranged from 7–16 for the
studied loci and 91 alleles in total were observed. A new
allele 35 was observed for the locus DXS101 in a sample of
Iyengar population. Alleles 31, 32, and 35 observed for this
locus in the Indian population have not been reported in the
Asian populations [13–16]. Another new allele 10.2 for the
locus HPRTB was observed in a sample of Kurumans
population. Rare intermediate alleles 11.2 and 12.2 for
HPRTB locus were observed in few samples of the IE, DR,
and AA populations. These intermediate alleles have also
been reported in the German, Italian, Spanish, and Thai
populations [17–20]. All populations showed high frequen-
cy for allele 11 of the locus DXS6807. Allele 11 of the
locus DXS7132 was observed exclusively in three tribal

Table 1 Percentage of total variation at three levels of population
hierarchy in different groups of Indian populations

Population group Among
groups

Percentage of variation

Number
of
groups

Among
populations
within
groups

Within
populations

Linguistic groups (IE,
DR, TB, AA)

4 1.05 1.38 97.57

Geographical regions
(north, central, east,
northeast, west, south)

6 0.77 1.47 97.76
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populations. Allele 8 of the locus DXS8378 was observed
only in the Balmiki population of Punjab, similar to the
observation for the Punjabi population of Pakistan [21]. For
the locus DXS7133, TB populations showed lesser fre-
quency of allele 11 than other populations where it was
frequent. The exact test for linkage disequilibrium was
performed for all pairs of the 10 X-STR loci. The marker
pair DXS6809 and DXS6789 belongs to the haplotype
cluster DXS6801-DXS6809-DXS6789 on Xq21 and is
reported to be in linkage disequilibrium. Haplotyping of
this STR cluster can provide useful information for kinship
analysis [22]. For the 45 pairwise comparisons, exact test p
values were above the significance level of 0.0011 (after
Bonferroni correction) indicating that no association among
the ten markers could be detected in the studied popula-
tions. Haplotype frequencies for the markers DXS6809 and
DXS6789 in 11 populations are presented in Table 3
(supplementary data). Fifteen haplotypes were observed
exclusively in the tribal populations. Konkanastha Brahmin
population showed the presence of four unique haplotypes.
The haplotype “31–19” was observed only in TB popula-
tions showing their differentiation from the remaining
populations.

Results for population pairwise genetic distances (FST
and RST) are shown in Table 4 (supplementary data). The
tribal populations of DR, TB, and AA groups had
significant genetic distances from the caste populations as
well as from each other. The considerable genetic hetero-
geneity among castes and tribes of India may be due to
their different origins and geographical locations. The
people belonging DR family inhabit southern parts of
India, speakers of TB language are confined to northeastern
parts of India while people of AA family reside mostly in
east and central India [23]. The genetic diversity explored
by AMOVA (Table 1) showed that irrespective of any
grouping, about 98% variation was found within the studied
populations, highlighting their diverse origins and histories.
A higher degree of variation was observed among the
populations when grouped based on linguistic affinity
(1.05%) rather than geographically (0.77%). These results
indicate that Indian populations show high genetic diversity
at the linguistic level though geography also plays an
important role [23]. Forensic parameters for the decaplex
are presented in Table 5 (supplementary data). All loci in
the studied decaplex were polymorphic for Indian popula-
tion. Gene diversity values ranged from 0.408 to 0.855.
Locus DXS101 was found to be the most polymorphic and
heterozygous in all populations, followed by the loci
DXS6809 and DX6789. The powers of discrimination for
these loci were also high. Significantly high values were
obtained for combined MECT, MECD, and PDM showing
that this decaplex can be efficiently used for kinship
analysis, especially in trio cases with a female child.

Conclusions

The present study shows that the studied markers are highly
polymorphic in the Indian population and can be used as an
informative tool for human identification along with the
autosomal markers. The data generated from the present
study will aid in constructing database of X-STRs for
Indian populations for forensic purposes and further studies
in population genetics and evolutionary biology.
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