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Abstract
Genetic analysis of Y-STR loci is pivotal for foren-

sic libraries and genetic analysis. The Koli population in 
Gujarat, India, however, lacks such genetic characteri-
zation. This study aims to develop an allele frequency 
database for 23 Y-STR loci in the Koli population, ex-
amining forensic parameters and assessing genetic con-
nections with neighboring tribes.

A total of 153 unrelated Koli males were genotyped 
using the PowerPlex®Y23 multiplex commercial kit. 
We identified 117 distinct haplotypes. The Haplotype 
Diversity (HD) and Discrimination Capacity (DC) for 
the 23 Y-STR loci were 0.993 and 0.8034, respective-
ly. DYS385b locus exhibited the highest allele variability 
(10 alleles), whereas DYS391, DYS389I, and DYS437 
showed the least (4 alleles each). The highest Poly-
morphic Information Content (PIC) was observed in 
DYS385b (0.775), with the lowest in DYS391 (0.386). 
The dominant haplogroup R1a accounted for 45% of the 

المستخلص
يُُشكل التحليل الوراثي لمواقع التتابعات القصيرة المتكررة )STRs( في 
الجنائي  الوراثي  تكوين المحتوى  في  محورية  أهمية   )Y( واي  كروموسوم 
كولي  سكان  يُفتقر  ذلك،  ومع  الكروموسوم.  لهذا  الوراثي  والتحليل 
الوراثي. تهدف هذه  التصنيف  الهنديُة إلى مثل هذا  في منطقة غوجارات 
في  وراثي  موقع   23 في  الأليل  تكرارات  بيانات  قاعدة  تطوير  إلى  الدراسة 
الجنائية وتقييم  لسكان كولي، مع فحص المعايُير   )Y( كروموسوم واي 

العلاقات الوراثية مع القبائل المجاورة. 
تم عمل تحليل وراثي لـ 153 شخص من الذكور البالغين غير الأقارب 
Power�( النووي  الحمض  تكثير  مجموعة  باستخدام  كولي  سكان  من 

وراثياً أحاديُا فريداً. كان  نمطاً   117 النتائج  أظهرت  التجارية.   )Plex®Y23
على  وراثي  موقع   23 لـ   )DC( التمييز  وقدرة   )HD( الوراثي  النمط  تنوع 
أظهر  التوالي.  على   0.8034 و    0.993 يُساوي   )Y�STR( واي  كروموسوم 
من  كل  أظهر  بينما  أليلات(،   10( للأليلات  تبايُن  أعلى   DYS385b موقع 
المواقع التالية؛ DYS391 و DYS389I و DYS437  أقل تبايُن للأليلات )4 
الأشكال  متعدد  معلومات  محتوى  أعلى  لوحظ  كما  منها(،  لكل  أليلات 
)PIC( في الموقع الوراثي DYS385b بقيمة بلغت )0.775(، وأقلها في الموقع 
 )R1a( السائدة  الفصيلة  )0.386(. شكلت  بلغت  بقيمة   DYS391 الوراثي

Naif Arab University for Security Sciences
Arab Journal of Forensic Sciences and Forensic Medicine

المجلة العربية لعلوم الأدلة الجنائية والطب الشرعي
https://journals.nauss.edu.sa/index.php/AJFSFM

* Corresponding Author: Aditi Mishra 
Email: aditi@kristujayanti.com
doi: 10.26735/RQGQ9805

Original Article Arab Journal of Forensic Sciences and Forensic Medicine 2023; Volume 5 Issue (2), 122-134

https://journals.nauss.edu.sa/index.php/AJFSFM
https://nauss.edu.sa/
https://nauss.edu.sa/ar-sa/Arab-Societyn/Pages/about.aspx
https://doi.org/10.26735/RQGQ9805
https://doi.org/10.26735/RQGQ9805
https://crossmark.crossref.org/dialog/?doi=10.26735/RQGQ9805&domain=pdf


123

AJFSFM 2023; Volume 5 Issue (1)

1. Introduction
The Indian subcontinent, known for its rich cul-

tural and genetic diversity, reflects a complex histo-
ry shaped by prolonged human occupation, cultural 
customs, and genetic drift. This diversity is mani-
fested in its people, broadly categorized into castes, 
tribes, linguistic groups, and religious affiliations 
[1, 2]. Among the diverse tribes, the Koli people of 
western India, primarily found in Gujarat, Maharash-
tra, and parts of Goa, are of particular interest. With 
significant populations also in Madhya Pradesh, 
Rajasthan, and Orissa, they form one of the larg-
est tribal communities in western India, accounting 
for about 24% of Gujarat's population, especially 
concentrated in the Saurashtra and Kutch regions 
[3]. The Koli's ancestry, debated between theories 
linking them to the White Huns from Sindh or to 
east-central Indian tribes like the Kol and Munda, 
remains a subject of ongoing research [4].

Despite their demographic significance, the Koli 
people have been underrepresented in genetic stud-
ies. This gap underscores the necessity for more 
focused research to elucidate their genetic diver-
sity and historical background. Notably, a compre-
hensive study using Y-STR (Y-chromosomal short 
tandem repeat) markers on the Koli population of 
Gujarat is absent, indicating a gap in the genetic un-
derstanding of this tribe [5,6]. 

Gujarat, bordering the west coast of India, boasts 
the nation's longest coastline, mostly along the 
Kathiawar peninsula. As the fifth-largest state in In-

population. Comparative analysis with other Indian pop-
ulations from YHRD revealed two distinct clusters, plac-
ing the Koli population in cluster 2, indicating significant 
genetic similarity within this group.

This inaugural study of Y-STRs in the Koli population 
demonstrates the utility of the Y23 kit in male identifica-
tion, highlighted by substantial haplotype diversity and 
discrimination capacity.

النسبة الأعلى )45 %( من السكان. كشف التحليل المقارن لسكان غوجارات 
 )YHRD( مع المجموعات السكانية الهنديُة الأخرى في خلال موقع بيانات
عن مجموعتين منفصلتين، حيث وضِِعت قبيلة كولي في المجموعة الثانية، 

مما يُشير إلى تشابه جيني كبير داخل هذه المجموعة. 
للمواقع  لسكان كولي  نوعها  تُعد الأولى من  التي  الدراسة  تُظهر هذه 
 PowerPlex®Y23 فائدة مجموعة تكثير الحمض النووي )Y�STR( الوراثية
في التعرف على الذكور، كما تظهر التنوع الكبير للأنماط الوراثية والقدرة على 

التمييز.

dia, covering an area of 196,024 km² and housing 
over 60.4 million people, it presents a significant re-
gion for genetic study due to its diverse population 
and strategic location Fig. 1.

Y-STR markers, known for their high polymor-
phism, are invaluable in forensic science, aiding in 
individual identification, disaster victim identification, 
parental kinship testing, and crucially, in rape inves-
tigations where autosomal DNA profiling may be in-
sufficient [7,8]. This study aims to assess the effica-
cy of the commercial PowerPlex®Y23 multiplex kit for 
forensic applications within the Koli population. Ad-
ditionally, it seeks to understand their demographic 
composition and explore genetic relationships both 
within the Koli group and with other populations. Our 
approach involves extensive Y-STR marker analysis 
to examine the Koli population's genetic associa-
tions and their inter- and intra-population affinities, 
complemented by comparisons with data from re-
gional and global human populations.

Materials and Methods
Study Population

The focus of our study, the Koli people, are an 
indigenous group primarily found in Western India, 
notably in Maharashtra and Gujarat. For this re-
search, the Ahmedabad district in Northern Guja-
rat was selected as the study area (Figure 1). This 
region is known for its significant Koli population, 
providing a representative sample for our genetic 
analysis. Ethical clearance for this study was ob-
tained from the Ethical Committee of Raksha Shakti 

Revealing Y-STR Diversity of Koli Populations (Gujarat) by Studying 23 Y-STR Loci 
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University. In total, peripheral blood samples from 
153 unrelated male individuals of the Koli tribe were 
collected. The use of EDTA tubes ensured the prop-
er preservation of these samples. Recognizing the 
importance of community engagement, we collab-
orated with the local panchayat head in the rural 
areas of the Gujarat region. Their assistance was 
instrumental in reaching out to potential participants 
and facilitating the sample collection process. Indi-
viduals within the age range of 20-35 years were 
approached, and each participant was thorough-
ly briefed about the study objectives. Adhering to 
the ethical standards of the Declaration of Helsin-
ki (2013), informed consent was obtained from all 
participants prior to sample collection. Additionally, 
participants provided information regarding their 
ethnicity and place of birth through a questionnaire, 
designed in compliance with the University Ethical 
Committee's guidelines [9]. This data collection pro-
cess not only ensured ethical compliance but also 
enriched the demographic information of our study 
sample. 

Data collection
Genomic DNA was isolated from whole blood 

specimens (n=153) using the Flinders Technology 
Associates (FTA) card technique. Each blood sam-
ple was applied to an FTA card, which was then air-
dried at room temperature for 2 hours. The dried FTA 
cards were subsequently cleaned to remove inhibi-
tors; each card was punched with a 1.2 mm Harris 
Micro Punch. The punched FTA card samples were 
then placed directly into the PCR reaction for am-
plification. In parallel, blood samples were also pro-
cessed for DNA extraction using the standard salt-
ing-out method. This provided an additional source 
of DNA for comparison with the FTA card samples. 
DNA quantification was performed using the Quan-
tifiler® Duo DNA Quantification Kit (Thermo Fisher 
Scientific, USA). The concentration of each DNA 
sample, both from FTA cards and blood extractions, 
was adjusted to 1 ng/μl. Amplification of samples 
was carried out using the PowerPlex®Y23 multiplex 

population affinities, complemented by comparisons with data from regional and global 

human populations. 

 

 

 

Figure 1. Geographical location of studied population (Koli, Gujarat) 
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Polymorphic Information Content (PIC), and Pow-
er of Discrimination (PD) [10]. The Discrimination 
Capacity (DC) of our data set was computed using 
the formula DC = h/n, where 'h' represents the total 
number of unique observed haplotypes, and 'n' is 
the total number of haplotypes analyzed. Haplotype 
Analysis was conducted using Haplotype Analysis 
v1.04 software [11], which aided in the detailed ex-
amination of the haplotype data and its forensic rel-
evance. To assess the genetic affinity and distances 
between the Koli population and other populations, 
the Y-Chromosome Haplotype Reference Database 
(YHRD, available at http://www.yhrd.org) was uti-
lized. We calculated the genetic distance (Rst) be-
tween the Koli population and other published pop-
ulations using YHRD. Additionally, Multidimensional 
Scaling (MDS) plots and Analysis of Molecular Vari-
ance (AMOVA) were developed using the same da-
tabase to visualize genetic relationships [12]. For 
phylogenetic interpretation, a Neighbor-Joining (NJ) 
tree was constructed using MEGA 6.0 software, in-

commercial kit (Promega Corporation, Madison, WI, 
USA), following the manufacturer’s protocol. The 
amplified products were separated on an ABI 3130 
Genetic Analyzer (Thermo Fisher Scientific) using 
capillary electrophoresis. For DNA fragment sizing, 
the CC5 Internal Lane Standard 500 Y23 was em-
ployed as the internal lane standard. The polymer 
used for electrophoresis was POP-4 (Performance 
Optimized Polymer 4), and the samples were inject-
ed at 1.2 kV for 5 seconds. DNA profiles were gener-
ated using Gene Mapper ID v3.2 software (Thermo 
Fisher Scientific). To ensure quality control, each 
PCR batch included a negative control (sterile dis-
tilled H2O) and a positive control (DNA9948).

Data management and statistical analysis
For the analysis of Y-STR haplotype data, we 

employed the Software STR Analysis for Forensics 
(STRAF) [10]. This software facilitated the calcula-
tion of allelic frequencies, Haplotype Diversity (HD), 
Gene Diversity (GD), Matching Probability (MP), 

the total number of unique observed haplotypes, and 'n' is the total number of haplotypes 

analyzed. Haplotype Analysis was conducted using Haplotype Analysis v1.04 software (11), 

which aided in the detailed examination of the haplotype data and its forensic relevance. To 

assess the genetic affinity and distances between the Koli population and other populations, 

the Y-Chromosome Haplotype Reference Database (YHRD, available at 

http://www.yhrd.org) was utilized. We calculated the genetic distance (Rst) between the Koli 

population and other published populations using YHRD. Additionally, Multidimensional 

Scaling (MDS) plots and Analysis of Molecular Variance (AMOVA) were developed using 

the same database to visualize genetic relationships (12). For phylogenetic interpretation, a 

Neighbor-Joining (NJ) tree was constructed using MEGA 6.0 software, incorporating 1000 

bootstrap replicates to assess the tree's reliability (13). Haplogroups were assigned using Whit 

Athey's Y-DNA Haplogroup Predictor (14). 

Results 

Allele Frequencies, Allele Numbers, and GD Values 

117 complete haplotypes were developed. The Supplementary Tables 1 and 2 present the 

allele frequencies, and GD values of 23 Y-STR loci in the Koli populations. Across all loci, 

159 unique alleles were documented. Figure 2 displays the study population's allele 

frequencies for each locus. 

 

Figure 2. Allelic frequency distribution at 23 Y-STR loci in the Koli community. 
Figure 2- Allelic frequency distribution at 23 Y-STR loci in the Koli community.
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cur twice, one haplotype three times, and only two 
haplotypes were found to be shared by eight indi-
viduals (Supplementary Table 4). For 23 Y-STR loci, 
the values for haplotype diversity (HD) and discrim-
ination capacity (DC) were 0.8034 and 0.993, re-
spectively. Table 1 and Figure 3 provide summaries 
of the values for Polymorphic Information Content 
(PIC), Matching Probability (PM), and Discrimination 
Power (DC). The DYS385b locus had the highest 
PIC values and the DYS391 locus had the lowest 
PIC values. Based on the calculated data, it can be 
concluded that the DYS385b locus outperforms the 

corporating 1000 bootstrap replicates to assess the 
tree's reliability [13]. Haplogroups were assigned us-
ing Whit Athey's Y-DNA Haplogroup Predictor [14].

Results
Allele Frequencies, Allele Numbers, and GD Values

117 complete haplotypes were developed. The 
Supplementary Tables 1 and 2 present the allele 
frequencies, and GD values of 23 Y-STR loci in the 
Koli populations. Across all loci, 159 unique alleles 
were documented. Figure 2 displays the study pop-
ulation's allele frequencies for each locus.

 The allelic frequencies of these alleles ranged 
from 0.007 to 0.732. The most alleles are found 
in DYS385b (n=10), DYS635, DYS570, DYS576, 
DYS635, DYS458 (n=9), and DYS389II, DYS393, 
DYS643, DYS481, DYS385a, DYS389II (n=8). A 
greater degree of polymorphism was noted in the 
remaining loci, whereas DYS391, DYS389I, and 
DYS437(n=4) locus exhibited a lower level of poly-
morphism, indicating the least amount of variation. 
Table 1 displays that locus DYS570 had the highest 
Gene Diversity (GD) value of 0.804, while DYS437 
had the lowest value of 0.432. Seventeen Y-STR loci 
exhibiting GD values exceeding 0.5 demonstrated 
an elevated level of gene diversity, while six loci with 
GD values below 0.5 exhibited a diminished degree 
of gene variety. 

Haplotypes and Forensic Parameters
The supplementary table 4 provide the informa-

tion on the frequencies of the haplotypes for each of 
the 23 Y-STRs in the Koli population. Among the 153 
Koli male individuals, 117 distinct haplotypes were 
identified, 94 (80%) of which were unique. The re-
maining haplotypes were shared by the population 
under study. Twenty haplotypes were found to oc-

Table 1- Forensic parameters such as Genetic Diversity 
(GD), Polymorphic Information Content (PIC), Matching 
Probability (PM), and Discrimination Power (DC) studied 
in the Koli, Gujarat, population (n=153)

Locus GD PIC PM PD

DYS19 0.706 0.648 0.299 0.701
DYS385a 0.725 0.689 0.280 0.720
DYS385b 0.803 0.775 0.202 0.798
DYS389I 0.798 0.762 0.207 0.793
DYS389II 0.521 0.463 0.482 0.518
DYS390 0.769 0.724 0.236 0.764
DYS391 0.501 0.386 0.503 0.497
DYS392 0.455 0.429 0.548 0.452 
DYS393 0.611 0.564 0.393 0.607
DYS437 0.433 0.393 0.570 0.430
DYS438 0.659 0.604 0.345 0.655
DYS439 0.701 0.643 0.304 0.696
DYS448 0.610 0.537 0.394 0.606
DYS456 0.621 0.542 0.383 0.617
DYS458 0.778 0.741 0.228 0.773
DYS481 0.628 0.592 0.376 0.624
DYS533 0.572 0.521 0.432 0.569
DYS549 0.604 0.548 0.400 0.600
DYS570 0.804 0.771 0.201 0.799
DYS576 0.782 0.745 0.223 0.777
DYS635 0.723 0.692 0.282 0.718
DYS643 0.517 0.482 0.487 0.513

Y_GATA_H4 0.710 0.655 0.295 0.705

Misra et al.
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DYS391 locus in identifying polymorphism within 
the population under study. Among all the Y-STR 
loci examined, the DYS385b locus emerged as the 
most effective marker due to its superior gene di-
versity, polymorphic information content, and power 
of discrimination, with respective values of 0.803, 
0.775, and 0.798.The values of the population under 
study's genetic diversity and discriminatory capacity 
were very similar to those of previously published 
information on the Gujarat population [15–18,18,19].

Genetic relationship between the Koli popula-
tion and previously studied populations in India

Dimensionality reduction analyses (MDS) were 
carried out by comparing the data with previously 
studied Indian populations such as Odisha, India 
[Bhotra], Haryana, India [Brahmin], Rajasthan, India 
[Brahmin], Chhattisgarh, India [Dorla], Jammu and 
Kashmir, India [Gujjar], Uttar Pradesh, India [Gujjar], 
Andhra Pradesh, India [Indian], Himachal Pradesh, 
India [Indian], Nayagarh-Odisha, India [Indian], Uttar 
Pradesh, India [Indian], Uttar Pradesh, India [Kahar], 

Ladakh, India [Ladakhi], Chhattisgarh, India [Majhi], 
Chhattisgarh, India [Muria], Rajasthan, India [Indi-
an], Maharashtra, India [Indian], Madhya Pradesh, 
India [Indian], Madhya Plradesh, India [Bhil] and Ut-
tarakhand, India [Indian] [20–34], available at YHRD 
to analyse the genetic topographies of dispersed 
human populations, particularly for Koli populations.  
Each population was depicted as a small point with-
in a multi-dimensional space, and the distances 
between these points reflected the genetic relation-
ships among populations from different geographic 
regions (Figure 4). The scatterplot encompassed 
seven populations (Uttar Pradesh, India [Gujjar], 
Chhattisgarh, India [Dorla], Odisha, India [Bhotra], 
Chhattisgarh, India [Majhi], Ladakh, India [Ladakhi], 
Nayagarh-Odisha, India [Indian], and Jammu and 
Kashmir, India [Gujjar]) within its periphery, as indi-
cated by the MDS diagram.

Two clusters of related Indian groups were ob-
tained when considering reference populations and 
the Koli population of Gujarat. The current popula-
tion, along with Rajasthan, India [Indian] and Maha-
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DYS390 0.769 0.724 0.236 0.764 
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Table 1 Forensic parameters such as Genetic Diversity (GD), Polymorphic Information 

Content (PIC), Matching Probability (PM), and Discrimination Power (DC) studied in the 

Koli, Gujarat, population (n=153) 

 

Figure 3. Analysis of Genetic Diversity (GD), Polymorphic Information Content (PIC), 

Matching Probability (PM), and Discrimination Power (DC) within the Koli, Gujarat, 

Population (n=153). 

0

0.2

0.4

0.6

0.8

1

DY
S1
9

DY
S3
85

a

DY
S3
85

b

DY
S3
89

I

DY
S3
89

II

DY
S3
90

DY
S3
91

DY
S3
92

DY
S3
93

DY
S4
37

DY
S4
38

DY
S4
39

DY
S4
48

DY
S4
56

DY
S4
58

DY
S4
81

DY
S5
33

DY
S5
49

DY
S5
70

DY
S5
76

DY
S6
35

DY
S6
43

Y_
GA

TA
_H

4

Forensic Parameters

GD PIC PM PD
Figure 3- Analysis of Genetic Diversity (GD), Polymorphic Information Content (PIC), Matching Probability 
(PM), and Discrimination Power (DC) within the Koli, Gujarat, Population (n=153).
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rashtra, India [Indian], is part of Cluster 2. Cluster 
1 includes Madhya Pradesh, India [Indian], Madhya 
Pradesh, India [Bhil], and Uttarakhand, India [Indi-
an]. In Figure 4, our investigated population is clus-
tered together in the first quadrant with Maharashtra, 
India [Indian], Rajasthan, India [Indian], Haryana, In-
dia [Brahmin], and Rajasthan, India [Brahmin]. The 
investigated Koli population is notably distant from 
Chhattisgarh, India [Dorla], which is mainly distrib-
uted in the Second quadrant. Uttar Pradesh, India 
[Kahar], Odisha, India [Bhotra], Chhattisgarh, India 
[Muria], Andhra Pradesh, India [Indian], and Ch-
hattisgarh, India [Majhi] are localized in the fourth 
quadrant, far from the Koli population in the MDS 
plot. Uttar Pradesh, India [Gujjar] and Ladakh, India 
[Ladakhi] form separate clades in the upper cen-
ter quadrant and the bottom center quadrant of the 
MDS plot, respectively. Other reference populations 

were found to be genetically dissimilar to the current 
population. Rajasthan, Haryana, and Maharashtra 
are geographically close. Figure 5 depicts the pop-
ulation structures of the 19 reference populations 
through the reconstructed N-J phylogenetic tree de-
rived from the Rst analysis. The clustering pattern 
seen in the neighbor-joining tree (Figure5) supports 
MDS observation. 

  
RST and Phylogenetic Analyses

In population genetics, the Rst (or RST) value—
also called the Genetic Differentiation Index—is a 
metric used to evaluate the genetic affinity or dif-
ferentiation between various populations. By com-
paring genetic variation within populations and ge-
netic differences between populations, it calculates 
the genetic distance between populations. The Rst 
values presented in the provided table demonstrate 

dissimilar to the current population. Rajasthan, Haryana, and Maharashtra are geographically 

close. Figure 5 depicts the population structures of the 19 reference populations through the 

reconstructed N-J phylogenetic tree derived from the Rst analysis. The clustering pattern seen 

in the neighbor-joining tree (Figure5) supports MDS observation.  

 

 

Figure 4. The genetic relationships between the Koli population and 19 other Indian 

populations were depicted through a multidimensional scaling plot (MDS) utilizing 23 Y-

STRs. 

Figure 4- The genetic relationships between the Koli population and 19 other Indian populations were 
depicted through a multidimensional scaling plot (MDS) utilizing 23 Y-STRs.
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the genetic differentiation between the Gujarati Koli 
population and numerous other Indian populations. 
Greater genetic divergence or dissimilarity is indicat-
ed by a higher Rst value, whereas a lower Rst value 
points to a closer genetic affinity or resemblance. 
The Supplementary Table 3 contains the results of 
the pairwise RST calculations and the corresponding 
p values (p < 0.05/253  ͌0.00019763 after Bonferroni 
correction) between Koli populations and 19 other 
Indian populations from various regions in Odisha, 
India [Bhotra], Haryana, India [Brahmin], Rajasthan, 
India [Brahmin], Chhattisgarh, India [Dorla], Jammu 
and Kashmir, India [Gujjar], Uttar Pradesh, India 
[Gujjar], Andhra Pradesh, India [Indian], Himachal 

Pradesh, India [Indian], Nayagarh-Odisha, India [In-
dian], Uttar Pradesh, India [Indian], Uttar Pradesh, 
India [Kahar], Ladakh, India [Ladakhi], Chhattis-
garh, India [Majhi], Chhattisgarh, India [Muria], Ra-
jasthan, India [Indian], Maharashtra, India [Indian], 
Madhya Pradesh, India [Indian], Madhya Pradesh, 
India [Bhil], and Uttarakhand, India [Indian], based 
on 23 Y-STR haplotypes.  The genetic affinity be-
tween the Gujarati Koli community and other Indi-
an populations exhibited variations. The Koli com-
munity displayed the highest genetic distance with 
Chhattisgarh India [Dorla] (Rst = 0.1886), followed 
by Chhattisgarh India [Majhi] (Rst = 0.1777). Con-
versely, the smallest genetic distance was observed 

 

Figure 5. A phylogenetic tree of N-J was constructed using 23 Y-STRs to analyse the genetic 

relationship between the Koli population and 19 other Indian populations.  

RST and Phylogenetic Analyses 

In population genetics, the Rst (or RST) value—also called the Genetic Differentiation 

Index—is a metric used to evaluate the genetic affinity or differentiation between various 

populations. By comparing genetic variation within populations and genetic differences 

between populations, it calculates the genetic distance between populations. The Rst values 

presented in the provided table demonstrate the genetic differentiation between the Gujarati 

Koli population and numerous other Indian populations. Greater genetic divergence or 

dissimilarity is indicated by a higher Rst value, whereas a lower Rst value points to a closer 

genetic affinity or resemblance. The Supplementary Table 3 contains the results of the 

pairwise RST calculations and the corresponding p values (p < 0.05/253  ͌0.00019763 after 

Bonferroni correction) between Koli populations and 19 other Indian populations from 

various regions in Odisha, India [Bhotra], Haryana, India [Brahmin], Rajasthan, India 

[Brahmin], Chhattisgarh, India [Dorla], Jammu and Kashmir, India [Gujjar], Uttar Pradesh, 

Figure 5- A Neighbourhood Joining (NJ) phylogenetic tree was constructed using 
23 Y-STRs to analyse the genetic relationship between the Koli population and 19 
other Indian populations
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with Maharashtra India [Indian] (Rst = -0.0028). 
There was some evidence of moderate genetic re-
semblance with Brahmin groups in Rajasthan and 
Himachal Pradesh, Haryana Brahmins, and Bhil in 
Madhya Pradesh. Populations such as the Gujjar 
community in Jammu and Kashmir, the Dorla pop-
ulation in Chhattisgarh, and the Bhotra people in 
Odisha have shown significant genetic difference. 
Maharashtra's Indian population showed nega-
tive Rst scores, a sign of genetic closeness. Some 
communities showed a moderate degree of genet-
ic kinship with the Gujarati Koli population, such as 
those found in Uttar Pradesh, Andhra Pradesh, and 
Nayagarh, Odisha. The results show how these In-
dian communities have interacted historically and 
through intricate genetic linkages, which has led to 
the observed genetic divergence and variety.

Prediction of Y-Haplogroups
A total of 139 individuals (90.8% of the total sam-

ple size of 159) were assigned to haplogroups based 
on 23 Y-STRs using Whit-Athey’s algorithm [35]. In 
this study, eleven haplogroups (A1, B, E1b1b, G2a, 
H1, J2a, J2b, L, R1a, R1b, R2) were observed, while 
7 other haplogroups (G2c, I1, I2a1, I2a (xI2a1), I2b1, 
J2a1h, and N) mentioned in the haplogroup assign-
ing tool were not found in these samples (Table 2). 
A total of 14 individuals (9.1%) did not have a hap-
logroup prediction, and one individual (0.6%) was 
categorized as having a poor haplogroup. The major 
haplogroups observed throughout the country were 
R1a (45.1%), H1 (13.7%), and L (11.8%), which ac-
counted for more than three-fourths of the Y lineag-
es. Figure 6 illustrates the distribution of haplogroups 
in Koli populations. It is important to exercise caution 
when interpreting these results, as the haplogroups 
were derived through prediction algorithms.

However, in this study, a substantial number of 
STRs (more than 17 loci) were utilized, which can 
offer a reasonably accurate estimate for haplogroup 
prediction [14]. This approach is consistent with pre-
vious research that has employed Y-chromosomal 
STRs to support haplogroup predictions (36). The 
Koli community in Gujarat exhibits a wide array of 
Y-chromosomal haplogroups, indicating a diverse 
genetic ancestry. This assortment is a testament to 
the region's intricate genetic composition, influenced 
by historical migrations and interactions. 

The prevalence of R1a in South Asian popula-
tions, commonly associated with Indo-European 
migrations, should be considered. Additionally, the 
widespread presence of Haplogroup H1 in South 
Asia, often linked to Dravidian-speaking populations, 
should be considered. Smaller proportions of other 
haplogroups, such as E1b1b, L, and R2, also exist, 
ranging from 0.04% to 1.35%, representing genet-
ic contributions from various historical and regional 
sources. Furthermore, there are haplogroups like 
A1, B, G2a, and Bad Haplotype, which have very 
low frequencies, each comprising less than 0.05% of 
the population. These may indicate less common or 
relatively recent genetic lineages within the Koli pop-
ulation. It is worth noting that approximately 0.82% 
of individuals in the Koli population lack any specific 
haplogroup prediction, which could be attributed to 
unique or rare genetic lineages, or limitations in the 
prediction tool's accuracy in assigning haplogroups 
in these cases. 

The genetic diversity and presence of multiple 
haplogroups in the Koli population suggest a com-
plex genetic ancestry influenced by historical migra-
tions, regional interactions, and potentially a com-
bination of Indo-European and Dravidian genetic 
elements. These findings have significant implica-
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Table 2- The predicted Y-Chromosomal Haplogroup Assignments within the Koli Population of Gujarat, employing Whit 
Athey’s Y-DNA Haplogroup Predictor

Haplogroup Number of individuals
 Frequencies of in silico Y-chromosomal

haplogroup

A1 2 1.3%

B 1 0.7%

E1b1b 3 2.0%

G2a 1 0.7%

H1 21 13.7%

J2a 4 2.6%

J2b 4 2.6%

L 18 11.8%

R1a 69 45.1%

R1b 3 2.0%

R2 12 7.8%

Bad Haplotype 1 0.7%

Devoid from any
haplogroup prediction

14 9.2%
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of in silico Y-
chromosomal 
haplogroup 
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B 1 0.7% 
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G2a 1 0.7% 
H1 21 13.7% 
J2a 4 2.6% 
J2b 4 2.6% 
L 18 11.8% 
R1a 69 45.1% 
R1b 3 2.0% 
R2 12 7.8% 
Bad Haplotype 1 0.7% 
Devoid from any 
haplogroup prediction 

14 9.2% 

  

Table 2. The predicted Y-Chromosomal Haplogroup Assignments within the Koli Population 

of Gujarat, employing Whit Athey's Y-DNA Haplogroup Predictor 

          
 

 

 
Figure 6- Y-Chromosomal haplogroups frequency in Koli population estimated through Whit-
Athey’s algorithm.
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tions for genetic research, anthropology, and pop-
ulation genetics in the Indian subcontinent, empha-
sizing the necessity for further studies to explore the 
historical and demographic factors that have shaped 
the genetic landscape of the Koli population in Guja-
rat. In conclusion, the predicted distribution of hap-
logroups in the Koli population in Gujarat highlights 
the diverse genetic heritage of this population, re-
flecting the intricate history and varied origins of the 
people in this region.

Discussion
This study introduces the first Y-STR genetic 

database for the Koli population in Gujarat, signifi-
cantly enriching the existing Y-STR population da-
tabase. By employing the PowerPlex®Y23 multiplex 
commercial kit set, we observed a notable degree 
of genetic diversity and informativeness in the Koli 
population. The calculated Haplotype Diversity (HD) 
of 0.8034 and Discrimination Capacity (DC) of 0.993 
highlight the effectiveness of these genetic markers 
for individual differentiation within the Koli commu-
nity, underscoring their value in both forensic and 
population genetic studies.

Our analysis extended to comparing the Koli pop-
ulation's genetic affinities with 19 other geographic 
regions in India, building upon existing literature. The 
multidimensional scaling (MDS) plot (Figure 4) and 
its detailed examination (Supplementary Table S3) 
revealed a close genetic relationship between the 
Koli population and other Indian populations, such 
as those in Madhya Pradesh [Bhil] [15] and Maha-
rashtra [Indian] [28]. Additionally, similarities with 
populations from Rajasthan [Brahmin], Himachal 
Pradesh [Indian], and Haryana [Brahmin] [21,24,29] 
were observed. The genetic distances among these 
populations, particularly those from Northern, Cen-
tral, and Southern India, underscore the regional 
genetic diversity within the Koli gene pool, shaped 

by historical migrations, founder effects, endogamy, 
and regional isolation.

These findings illuminate the complex genetic 
landscape of India, molded by centuries of interac-
tion and separation. The genetic linkage between 
the Koli population and the Maharashtra region 
corroborates earlier studies [5,6,37,38], while also 
supporting the notion of a common origin and close 
clustering with the Bhil populations of Gujarat and 
Madhya Pradesh. This suggests a shared linguistic 
and cultural heritage, providing insights into the his-
torical and cultural interconnections of these groups. 
The convergence of genetic and linguistic data in 
these studies underscores the importance of exam-
ining both aspects to decipher the intricate relation-
ships among various communities.

This research contributes essential genetic in-
formation about the Koli population of Gujarat, illus-
trating their unique genetic markers and diversity. 
Comparing this data with other Indian populations 
enhances our understanding of the broader genetic 
landscape and historical connections among differ-
ent tribes in India. The study highlights the impor-
tance of genetic research across diverse groups to 
unravel the complex web of human ancestry and 
variation. For future research, we recommend incor-
porating additional molecular genetic markers and 
expanding the sample size. Such an approach would 
provide a more exhaustive and nuanced analysis of 
the Koli community's genetic diversity, further en-
riching our understanding of their genetic heritage.

Conclusion
This pilot study embarked on an exploration of 

the genetic traits of the Koli populations in Gujarat, 
India, demonstrating the efficacy of a specific panel 
of markers in forensic contexts. Through extensive 
haplogroup analysis with a representative sample, 
we uncovered multiple lines of descent within the 
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Koli community, offering insights into their diverse 
geographical origins. A notable outcome of this study 
is the highlighted potential of the PowerPlex®Y23 
multiplex technology for forensic applications 
specific to this demographic.
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