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Abstract: The present study aims to report genetic variations in unrelated
male (n = 118) of the Gujarat population with the help of seventeen Y -
STR markers (DYS456, DYS389l, DYS390, DYS3891l, DYS458,
DYS19, DYS385a/b, DYS393, DYS391, DYS439, DYS635, DYS392, Y
GATA H4, DYS437, DYS438 and DYS448). Allele frequencies and
forensic parameters were calculated. A total of 96 distinct alleles were
reported with their corresponding allele frequency values ranging from
0.008 to 0.644. A higher value of discrimination capacity (0.9830) and
haplotype diversity (0.9997) was observed in the studied population. A
total of 116 haplotypes were observed among which 114 haplotypes were
unique. The genetic diversity for 17 Y-STR ranged from 0.526 (DY S437)
to 0.837 (DYS385h). The locus DYS385b showed the highest
polymorphism (0.809). Genetic relationship and their corresponding p-
value were also studied among the studied population and other Indian
populations. Apart from this, the obtained results were evidenced by
constructing a phylogenetic tree and were also shown using
Multidimensional Scaling (MDS) plot. The higher value of haplotype
diversity and discrimination capacity indicates greater potential in
distinguishing male individuals from the studied population. Hence, it is
assumed that generated population data are highly valuable for forensic
caseworks and population genetics.

Keywords: Y-STR, Gujarat Population, Genetic Variations, Forensic
Parameters

Introduction

Y- chromosome Short Tandem Repeats (Y-STRS)
markers are extensively used in forensic DNA analysis for
various applications such as paternity testing, sexual
assaults, evolutionary studies, Kkinship analysis,
disaster victim identification, familial searching and
genealogical research (Corach et al., 2001; Kayser,
2017; Kumar et al., 2018). The application of Y-STRs
are highly evidenced in cases where both male and
female have contributed in to the same trace and using
these markers male and female DNA samples could be
differentiated (Roewer, 2019). The lack of
recombination process makes them inherit same from
one generation to another without going much
transformations. Hence, they are also known as male
marker. With advancement multiple STR Kits have
been introduced that provides better discrimination
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power and shows great genetic variations (Arnaud,
2017). Apart from the forensic applications, population
studies have been also conducted by researchers to
identify whether these Y-STR markers based on the
diversity measures are suitable for paternal lineage
identification or not (Chen et al., 2021).

Therefore, the present study has been carried out to see
the genetic diversity or variations in the Gujarat population
using seventeen Y-STR markers (DYS456, DYS389l,
DYS390, DYS3891l, DYS458, DYS19, DYS385a/b,
DYS393, DYS391, DYS439, DYS635, DYS392, Y GATA
H4, DYS437, DYS438 and DYS448). So far, very limited
population studies have been conducted and reported on the
Gujarat population (Mishra et al., 2019; Dubut et al., 2009;
Chaudhari and Dahiya, 2014; Sharma et al., 2009).
Hence, there is a need to report more population data on
this particular population in order to observe their genetic
diversity. This study aims to explore Y-STR haplotypes
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of 118 unrelated male samples from Gujarat, India using
AmpFISTR® Yfiler™ kit (Thermo Fisher Scientific,
Foster City, CA, USA) and then compared to previously
published thirteen Y-STR haplotype data. It is expected
that the present findings will add to the existing state of
knowledge about the population genetics and distribution
of Y-STR haplotypes in Gujarat Population.

The state Gujarat is derived from Sanskrit (Gurjar-
Rashtra) located in Western part of India and lies on
the Kathiawar peninsula. It is the fifth-largest Indian
state by area and the ninth-largest state by population.
Gujarat has very rich cultural and historical diversity.
It also consists some sites of the ancient Indus Valley
Civilisation, such as Lothal, Dholavira and Gola
Dhoro. The total population of Gujarat is 6.27 Crore,
which is 4.99% of the total population of the country
(according to 2011 census report). Among the total
population 3.1 Crore are males and 2.8 Crore are
females. There are total 33 districts in the Gujarat state.
As Gujarat has vast diversity, it is important to study
their genetic variations or genetic diversity.

Methods and Materials
Sample

Prior to collection, ethical clearance was obtained
from the University Ethical Committee. Peripheral blood
samples of 118 unrelated healthy male individuals were
collected from the Gujarat State. All the samples
belong to the population of Gujarat, as their ethnicity
and birthplace was documented through self-made
questionnaire. A well-informed written consent was
also obtained prior to the study as per the Declaration
of Helsinki (PP, 1964). Samples were collected in
EDTA blood collection tubes and marked accordingly.

DNA Isolation and DNA Quantitation

The collected blood samples were subjected to
phenol- extraction method and genomic DNA was
extracted. After extraction, they were quantified using
Quantifiler® Duo DNA Quantification Kit (Thermo
Fisher Scientific, Foster City, CA, USA) as per the
manufacturer's protocol.

PCR Amplification and Genotyping

Using AmpFLSTR Yfiler™ PCR kit (Thermo Fisher
Scientific, Foster City, CA, USA), Genomic DNA was
amplified for seventeen Y-STR loci (DYS19, DYS389l,
DYS3891l, DYS390, DYS391, DYS392, DYS393,
DYS385a/b, DYS437, DYS438, DYS439, DYS448,
DYS456, DYS458, DYS635 and Y-GATA-H4). Negative
and positive reactions were also used throughout the
process. Gene Amp PCR System 9700 Thermal Cycler
(Applied Biosystems, Foster City, CA, USA) was used for
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the amplification process. Capillary electrophoresis
method was used for separation of amplified DNA
products. With the help of ABI 3100 Genetic Analyzer
(Life Technologies Corporation, Carlsbad,
California, USA) genotyping were carried out.
GeneScan500-LIZ internal lane size was used for
sizing the DNA fragments. All the procedures and steps
were carried out as per the recommended protocol by
manufacturer. Gene Mapper ID v3.2 (Applied
Biosystems, Foster City, CA, USA) software was used
to generate DNA profile from capillary electrophoresis.

Statistical Analysis

An online software named Software STR Analysis
for Forensics (STRAF) was used to calculate the allelic
frequencies and forensics parameters of studied
population (Gouy and Zieger, 2017). Forensic
parameters such as Gene Diversity (GD), Haplotype
Diversity (HD), Power of Discrimination (PD),
Polymorphic Information Content (PIC) and Matching
Probability (PM) were calculated. The Discrimination
Capacity (DC) was computed by the ratio of total
number of observed haplotypes to the total number of
haplotypes (Eliades and Eliades, 2009). Haplotype was
calculated using Haplotype Analysis v1.04 software
(Eliades and Eliades, 2009). Genetic distance (Rst) and
their  corresponding  values  between  studied
populations and other published populations were
calculated using Analysis of Molecular Variance
(AMOVA) (Roewer et al., 1996), available at YHRD
website(http://www.yhrd.org). Also, the obtained
results were evidenced by constructing phylogenetic
tree and was also shown using Multidimensional
Scaling (MDS) plot. MEGA 6.0 software was used to
construct the Neighbour-Joining (NJ) tree with 1000
bootstrap replicates (Caspermeyer, 2018).

Results and Discussion
Y-Chromosome Diversity

Allele frequencies distribution of seventeen Y-STR
loci in the Gujarat population are reported in Tablel. A
total of 96 different alleles are observed and their allele
frequencies ranged from 0.008 to 0.644. Locus DY S385h
has highest number of alleles (n = 9) while locus DYS391
has lowest number of alleles (n = 3). Hence, higher level
of polymorphism was observed in DYS385b locus. The
highest genetic diversity was found at locus DY S385b
(0.837) and the lowest genetic diversity found at locus
DYS437 (0.526) (Fig. 1). Locus DYS385b showed the
highest value of Polymorphic information content (0.809)
while locus DY S391 showed lower value of polymorphic
information content (0.467). For Match Probability (PM),
DYS437 showed the highest (0.479) matching probability
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while DYS385b showed lower matching probability
(0.170) in this set of studied STRs. For Power of
Discrimination (PD), DYS437 showed the lowest value
(0.3075) while DYS385b showed the highest value
(0.8143). All the forensic parameters for seventeen Y-
STRs are summarised in Table 1.

Haplotypes Analysis

The seventeen Y-STR data was also computed for
the haplotype analysis and among 118 haplotypes, 116
(96.61%) haplotypes were observed, out of which 114
haplotypes were unique and two haplotypes were
shared between two individuals. The overall haplotype
diversity and discrimination capacity of seventeen Y-STRs
were found to be 0.9997 and 0.9830. As observed, both
the forensic parameters have higher values and thus
indicates greater degree of genomic diversity in the
Gujarat population.

Population’s Statistics

An online website YHRD (http://www.yhrd.org)
was utilized for calculation of genetic relationship
between studied population (n 118) and other
published thirteen populations namely, Uttar Pradesh,
India [Afridi Pathan] (n = 15), Punjab, India [Balmiki]
(n = 62), Gujarat, India [Bhil] (n = 171), Madhya
Pradesh, India [Bhil] (n = 212), Odisha, India [Bhotra]

(n =133), Haryana, India [Brahmin] (n = 99), Himachal
Pradesh, India [Indian] (n = 295), Jharkhand, India
[Indian] (n = 132), Maharashtra, India [Indian] (n =
34), Nayagarh, Odisha, India [Indian] (n 212),
Rajasthan, India [Indian] (n = 565), Uttarakhand, India
[Indian] (n = 32) and West Bengal, India [Indian] (n =
23)) (Ghosh etal., 2011; Imam et al., 2018; Mohapatra et al.,
2019; Kumar et al., 2020; Kumawat et al., 2020) .
Paired genetic distance (Rst) and their corresponding
values were estimated at the same 17 Y-STRs by
comparing the haplotypes of studied population and
other thirteen published populations haplotypes using
Analysis of Molecular Variance (AMOVA) (Table 2).
The present study showed that the Rst values of the
Odisha, India [Bhotra] (Rst 0.014) and Gujarat, India
[Bhil] (Rst 0.0609) populations are closer to the
studied population (Gujarat) while Uttar Pradesh, India
[Afridi Pathan] and Haryana, India [Brahmin] are
slightly distant (Rst 0.338, 0.2043) from studied
population (Gujarat). We also made Multi-
Dimensional Scaling analysis (MDS plot) based on the
pairwise Rsr values obtained from studied and the other
Indian published populations. The same results were
evidenced by MDS plot (Fig. 2) and by the clustering
pattern observed in NJ tree (Fig. 3) and showed that the
also showed the Odisha and Gujarat population was
closest to the studied population.

Genetic diversity at 17 loci

Genetic diversity

Loci

Fig. 1: Genetic diversity for 17 single-locus Y-STRs in Gujarat population (n =118)
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Fig. 2: Multidimensional Scaling (MDS) plot based on pairwise Rst values between studied population and compared populations from
YHRD
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Uttarakhand, india [indian]

West Bengal, india [indian]

Nayagarh, odisha, india [indian]

Madhya pradesh, india [Bhil]

Himachal Pradesh, india [indian]

Guijarat, india [Bhil]

Punjab, india [Balmiki]
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Fig. 3: NJ tree based on pairwise Fs values between studied population and compared populations generated after output of YHRD analysis
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Table 1: Allele frequencies values for 17 single-locus Y-STRs in Gujarat population (n = 118)

Allele/n DYS19 DYS3891 DYS389II DYS390 DYS391 DYS392 DYS393 DYS385a DYS385b DYS438 DYS439 DYS437 DYS448 DYS458

DYS456 DYS635 YGATAH4

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
GD
PIC
PM
PD

0.059
0.483
0.458

0.153
0.356
0.356
0.136

0.008
0.051
0.144
0.153
0.297
0.246
0.102

0.042
0.237
0.288
0.246
0.186

0.017
0.161
0.390
0.398
0.034

0.153
0.534
0.280
0.034

0.034
0.220
0.263
0.186
0.153
0.144

0.008
0.178
0.254
0.254
0.237
0.068
0.785
0.741
0.222
0.778

0.711
0.651
0.295
0.705

0.770
0.723
0.236
0.764

0.801
0.765
0.205
0.795

0.618
0.550
0.388
0.612

0.668
0.597
0.338
0.662

0.809
0.773
0.198
0.802

0.559
0.454
0.445
0.555

0.051
0.085
0.212
0.271
0.144
0.127
0.059
0.034
0.017

0.837
0.809
0.170
0.830

0.008
0.305
0.475
0.178
0.034

0.136
0.390
0.381
0.076
0.017

0.068
0.390
0.356
0.186

0.017
0.017
0.644
0.237
0.085

0.076
0.229
0.322
0.280
0.085
0.008

0.017
0.068
0.280
0.347
0.220
0.068

0.008
0.059
0.246
0.297
0.246
0.076
0.059
0.008

0.025
0.144
0.305
0.212
0.153
0.119
0.025
0.017

0.654
0.586
0.351
0.649

0.684
0.619
0.322
0.678

0.526
0.467
0.479
0.521

0.785
0.744
0.222
0.778

0.749
0.700
0.257
0.743

0.759
0.711
0.247
0.753

0.809
0.775
0.198
0.802

0.688
0.621
0.318
0.682

Table 2: Analysis of molecular variance pairwise distances based on Ry values between studied population and selected populations used for comparison from YHRD

Odisha,
India
[Bhotra]

Uttar Pradesh,
India [Afridi
Pathan]

Madhya
Pradesh,
India [Bhil]

Gujarat
(Studied
population)

Punjab,
India
[Balmiki]

Gujarat,
India
[Bhil]

Haryana,
India
[Brahmin]

Himacl
Pradesl
India [l

hal
h,
Indian]

Jharkhand,
India
[Indian]

Nayagarh,
QOdisha, India
[Indian]

Rajasthan,
India
[Indian]

Maharashtra,
India [Indian]

Uttarakhand,
India [Indian]

West Bengal,
India [Indian]

>

Gujarat 0 0 0 0 0.0072 0
(Studied
population)
Uttar Pradesh,
India [Afridi
Pathan]
Punjab, India
[Balmiki]
Gujarat, India
[Bhil]
Madhya
Pradesh,
India [Bhil]
Odisha, India
[Bhotra]

0.3383 0.0404

*

0.1031 0.4424

0.0609 0.2223 0.1299 0.0178

0.0874 0.1667 0.1145 0.0085

0.014 0.4058 0.1037 0.0866  0.0977

Haryana, 0.2043 0.0453 0.265 0.0841 0.0598 0.2467
India
[Brahmin]
Himachal
Pradesh,
India [Indian]
Jharkhand,
India [Indian]
Maharashtra,
India [Indian]
Nayagarh,
Odisha,

India [Indian]
Rajasthan,
India [Indian]
Uttarakhand,
India [Indian]
West Bengal,
India [Indian]

0.08 0.1748 0.119 0.018 0.0133 0.0878 0.0664

0.1225 0.1114 0.1703 0.033 0.0116 0.1537 0.0273

0.1481 0.1051 0.1964 0.0374  0.0144 0.1848 0.0005

0.0963 0.1305 0.1125 0.0338  0.018 0.1109 0.0613

0.1517 0.0715 0.1948 0.0504  0.0355 0.1838 0.0055

0.0796 0.1486 0.1415 0.0115  0.0082 0.1126 0.0423

0.1422 0.1321 0.2341 0.0763  0.0648 0.2158 0.0551

0

0

0.0002

0.0015

0.0326

0.0337

0.0491

0.0449

0.0005

0.0603

0 0 0 0 0 0

0.0036 0.0117 0.0001 0.0086 0.0018 0.0084

0.0001

0.0063 0.1111 0.0003

0.0179 0.0809 0.1622 0.003

0.0031 0.3745 0.0733 0.009 0.009

0.0001 0.0104 0.374 0.0032

0.2476 0.0009 0.0186 0.093 0.0424

0.0042 0.0176 0.2515 0.1652 0.0192

0.0207 0.0266 0.0151 0.0035

0.0082 0.0038 0.0431 0.0697 0.0843

0.0152 0.0133 0.0295 0.0157 0.3004

0.0327 0.0604 0.054 0.0189 0.0057

*p values are shown above the diagonal and Rst values below it

Conclusion

Due to absence of recombination process in Y-STR
chromosome markers, they are considered highly
effective in studying the genetic diversity of male
individuals in population. They also have wide
applications in forensic caseworks such as sexual assault
cases where mixed samples of male and female are found.
In order to understand the origin of modern human, it is
important to conduct population studies of various
populations. Although various population studies have
been reported from different regions of India, but limited
population studies have been conducted and reported
from Gujarat region. One such genetic study was
conducted on two ethnic groups of Asian ancestry (Gujarat
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and Guangdong-Fujian provinces) from Reunion Island
(Indian Ocean) where 123 male haplotypes (Dubut et al.,
2009) was studied based on 10-Y-STR loci. Since, the
sample size was very less it might not be informative enough
in inferring population history. Khurana et al. (2014) also
investigated the population structure, population histories
and genetic diversity of 284 unrelated male of Southern
Gujarat population using 48 bi-allelic Y-STR markers.
So far, the genetic structure and population
relationships in Gujarat population remain unclear due to
limited studies and relatively small sample sizes in
previous studies. Hence, there is need to report more
population studies that could explore the genetic diversity
of Gujarat population. The present study aims to explore
the genetic polymorphism of the Gujarat population by
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targeting 17 Y-STR markers. All the forensic parameters
and allelic frequencies were calculated. As the results
showed, the DC value (0.9830) was higher in the studied
population, demonstrating that these 17 Y-STRs have more
polymorphism and higher systematic efficiency in Gujarat
populations and can be used as a useful forensic marker set.
The distribution of haplotypes was also observed. Higher
value of haplotype diversity has been reported here.

The present study also calculates Pairwise population
values among studied population and other published
populations and our results demonstrate that Gujarat people
show a close affinity with Odisha, India [Bhotra], followed
by Gujarat, India [Bhil], Uttarakhand, India [Indian],
Himachal Pradesh, India [Indian], Madhya Pradesh, India
[Bhil] and Nayagarh, Odisha, India [Indian]. The studied
population showed larger genetic affinity with population of
Uttar Pradesh, India [Afridi, Pathan] and Haryana, India
[Brahmin]. As observed in the NJ tree, Gujarat [Studied
Population], Punjab, India [Balmiki] and Odisha, India
[Bhotra] cluster in same branch. In conclusion, an attempt
has been made to develop the better understanding of genetic
relationship between Gujarat (Western India) and other
neighbouring populations. This is the first report that
provides population data on the genetic variations on the Y-
STR polymorphism in Gujarat population, India using 17 Y-
STR markers. Overall, the findings of the present study
showed that Y- STR markers are polymorphic and can be
highly valuable in forensics as well as anthropological
studies for Indian population. The author highly encourages
the other researchers to explore more genetic polymorphism
in the Gujarat population.
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