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Abstract: D1S80 is a highly informative variable number of tandem repeat (VNTR) marker located in the
telomeric region of chromosome 1 at 1p36-p35. Since its discovery, the D1S80 locus has been used widely in
determining the origins and genetic relations among and between various populations worldwide. Here, we
studied the allele frequencies and other population genetic parameters at the D1S80 locus among individuals
from four major tribal populations in Bangladesh (Santal, Garo, Monipuri and Khasia). The data was then
compared with the other populations including the mainstream Bengali population. A total of 31 different
alleles were detected with repeat unit numbers ranging between 14 and 50. D1S80 allele with 18 repeats was the
most frequent in three populations except the Santals, in which allele with 19 repeats was the most common.
Observed heterozygosity was less than the expected in all four populations. Pair-wise observed genetic distances
were, in general, more between the tribal populations and the mixed mainstream Bangladeshis compared to the
distances between the tribal populations. Comparison of D1S80 allelic frequency distribution among seventy-six
different populations placed the tribal populations along with the mainstream mixed Bangladeshis, Tamils and
mixed Panjabi Indians in a clade separated from the rest.
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1. Introduction

Bangladesh is a South Asian country with a large population of more than 160 million and houses over 40
indigenous groups (Abdullah, 2011; Hannan, 2015). The mainstream Bengalis are, however, by far the largest
and comprise about 98% of the population. The remainder is mostly indigenous tribal populations living in the
southeastern, north-central and northeastern region of the country. Santal, Garo, Monipuri and Khasia (Khasi)
are four among these socially and culturally distinct indigenous populations which along with the other ethnic
groups have significantly enriched the culture of Bangladesh with their distinct and colourful lifestyles
(Abdullah, 2011; Das and Islam, 2005). The migration history of these groups on this land is not exactly known.
Genetic data is also scarce to portray the genetic structure of these populations.

D1S80 is variable number of tandem repeat (VNTR) locus positioned in the telomeric region of chromosome 1
at 1p36-p35 with a core repeat unit of 16-nucleotides (Choong et al., 2011; Fujii et al., 2004; Herrera et al.,
2004; Mukherjee et al., 2005; Verbenko et al., 2006). Like an ideal VNTR marker the D1S80 locus shows a
high degree of polymorphism as well as heterozygosity (Herrera et al., 2004). This makes D1S80 a highly
useful genetic marker in population diversity studies (Choong et al., 2011; Fujii et al., 2004; Herrera et al.,
2004; Mukherjee et al., 2005; Verbenko et al., 2006). D1S80 locus has no known genetic function, and
therefore, is supposed to be under no selection pressure (Herrera et al., 2004). Like the other VNTRs, its alleles
are co-dominant in nature and stably inherited in a Mendelian fashion over generations (Mukherjee et al., 2005).
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Since its discovery by Nakamura et al. (Nakamura et al., 1988), the D1S80 locus has been widely used in
forensic analysis, paternity testing, assessing chimerism after organ and hematopoietic cell transplantation, and
determining the origins and genetic relations among and between various populations worldwide (Herrera et al.,
2004; Thin et al., 2009; Verbenko et al., 2006; Walsh and Eckhoff, 2007; Waterhouse et al., 2013).

The objective of the study was to determine the allelic profiles at the D1S80 locus among individuals of the
Santal, Garo, Monipuri and Khasia (Khasi) tribes in Bangladesh and compare with the other populations,
including the mainstream Bangladeshis. This population specific D1S80 allele frequency data may find use in
forensic and clinical applications as well. This study may be extended to other indigenous tribes in Bangladesh.

2. Materials and Methods

2.1. Sources of DNA samples

Liquid blood and buccal swabs were collected from randomly selected individuals from the Garo, Santal,
Khasia and Monipuri populations. Genomic DNA was extracted by using Chelex®-100 method (Singer-Sam et
al., 1989; Walsh et al., 1991). Concentration and purity of the extracted DNA was measured using a
spectrophotometer (NanoDrop™, Thermo Fisher Scientific Inc.).

2.2. PCR amplification and detection

D1S80 VNTR region of the DNA samples was amplified by polymerase chain reaction (PCR) using primers
already described by Kloosterman et al. (Kloosterman et al., 1993) in a thermal cycler (Gene Atlas G, Astec Co.
Ltd.). 10-50 ng of genomic DNA was used for amplification in a final reaction volume of 25 ul containing
GeneAmp PCR Gold Buffer (4311806, Thermo Fisher Scientific), 1.5mM MgCl,, 200 uM dNTPs (110-002,
GeneON), 0.4 pM of each primer and 1 U of AmpliTaq Gold® DNA Polymerase (4311806, Thermo Fisher
Scientific). The reaction cycle condition was as follows: an initial denaturation step at 95°C for 9 minutes, then
33 cycles- each with denaturation at 94°C for 20 seconds, annealing at 68°C temperature for 30 seconds, and
elongation at 72°C for 70 seconds followed by a final extension at 72°C for 7 minutes. Amplified products were
resolved in 1.8% agarose gel using 0.5x Tris Borate EDTA (TBE) buffer in Agagel Maxi Gel Electrophoresis
System (020-300, Biometra, GmbH) along with DNA marker (300003, GeneON). DNA bands were observed in
a gel documentation system (WGD-30, Witeg) following incubation with ethidium bromide (0492, Amresco®)
in TBE buffer and photographed with WiseCapture 11™ software.

2.3. Allele size determination and phylogenetic analysis

Sizes of PCR products were determined using the “GelAnalyzer” software (Lazar and Lazar, 2010) by
comparing their migration relative to DNA size markers (300003, GeneON) in 1.8% (w/v) agarose gels in an
electric field. The number of 16-bp core repeats in the amplicons were calculated using Microsoft Excel
following the formula reported by Fujii et al. (Fujii et al., 2004). The alleles were designated according to the
number of core repeats. The phylogenetic tree was generated using POPTREEZ2 software (Takezak et al., 2010).

2.4. Statistical analysis

The frequencies of D1S80 alleles and genotypes of individuals and other statistical analyses (e.g., effective
number of alleles, Shannon's information Index, observed heterozygosity, Chi-Square tests for Hardy-Weinberg
equilibrium, F-statistics, Nei genetic distance and identity) were determined using GenAlEx 6.5 software
(Peakall and Smouse, 2012) and Microsoft Excel programme.

3. Results and Discussion

In this study allelic composition at D1S80 locus among individuals of four indigenous populations in
Bangladesh was studied using amplified fragment length polymorphism (Amp-FLP) technique. The allele
frequency and other population genetic parameters, are shown in Table 1. The number of different alleles in the
studied populations ranged between 17 and 24. D1S80 allele frequencies showed multi-modal distribution in all
four populations. Multimodal distribution is a distinctive feature of the spectrum of D1S80 allele frequencies
(Das and Seshadri, 2004; Limborska et al., 2011; Mastana and Papiha, 2001). Allele with 18 repeats was the
most frequent in three populations (Garo, Khasia and Monipuri), while in Santals allele with 19 repeat was the
most common. In the majority of the studied human populations (Balamurugan et al., 2012; Cakir et al., 2001;
Hutz et al., 1997; Soares-Vieira et al., 2000; Vallinoto et al., 2003; Walsh and Eckhoff, 2007), D1S80 alleles
with 18 and/or 24 repeat units were the most common. Allele with 24 repeats is relatively more common in the
African and the Caucasian populations (Bernal et al., 2000; Herrera et al., 2004; Koseler et al., 2012; Limborska
et al., 2011; Soares-Vieira et al., 2000; Verbenko et al., 2006). In the majority of Indian sub-populations allele
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with 18 repeats was found to be the most prevalent one (Das et al., 2002; Das and Seshadri, 2004; Trivedi et al.,
2002). Some mixed European populations also had higher frequencies of allele with 18 repeats (Verbenko et al.,
2003). The fact that D1S80 alleles with 18 and 24 repeats are the most prevalent in almost all populations on
earth despite having no known biological function and, therefore, the absence of selection pressure (Herrera et
al., 2004), might be an indication of the common ancestry of human race.

The number of observed heterozygosity was lower than the expected ones in all populations (Table 1). Monipuri
population showed the maximum deviation from the expected heterozygosity. Lower than the expected
heterzygosity may be attributed to inbreeding, which is kind of true for the tribal populations. The observed
heterozygosity was, however, higher than the expected heterozygosity in the mixed Bangladeshi population
(Sajib et al., 2016). Chi-square test showed significant deviation (*** P<0.001) in D1S80 allelic frequencies
from the Hardy-Weinberg Equilibrium (HWE) in all four populations. Similar observations at D1S80 locus
were reported earlier (Das and Seshadri, 2004; Trivedi et al., 2002; Vallinoto et al., 2003; Walsh and Eckhoff,
2007). This deviation might root from the more frequent presence of certain D1S80 alleles in populations as
well as low representation of alleles at the bond ends of D1S80 allelic spectrum (Hutz et al., 1997; Trivedi et al.,
2002). The reason for such distribution of D1S80 alleles calls for further investigation.

Large number of alleles along with its high allelic heterozygosity among individuals in population has made
D1S80 a useful genetic marker in population genetics study (Herrera et al., 2004; Verbenko et al., 2003). D1S80
locus provides more information about a population compared to other VNTRs and STRs (Lauritzen and
Mazumder, 2008; Ruiz et al., 2009). The number of effective D1S80 alleles (Ne) was the highest (15.313) in the
Monipuri population and the least (8.817) in Khasias (Table 1). Effective number of alleles (Ne) is the
reciprocal of the expected homozygosity in any population and correlated with the genetic diversity in a
population, which allows one to compare the biodiversity with other communities. More genetic diversity in
Monipuri population may result from their mixed genetic architecture (Sanajaoba, 2005). Pair-wise genetic
distances among the tribal populations, in general, were less than the genetic distances between mixed
mainstream Bangladeshis and the tribal populations (Table 2). Garo and Santal appears to be genetically more
related compared to the other tribes (Table 2).

D1S80 allele frequencies were studied in a large number of populations worldwide. In this study, 76 different
population data (including the data presented in this study) (Al-Nassar et al., 1996; Alkhayat et al., 1996;
Balamurugan et al., 2001; Bernal et al., 2000; Cabrero et al., 1995; Cakir et al., 2001; Cerda-Flores et al., 2002;
Ciesielka et al., 1996; Das and Seshadri, 2004; Gutowski et al., 1995; Halos et al., 1999; Herrera et al., 2004;
Keys et al., 1996; Lorentea et al., 1997; Mastana, 1999; Matamoros et al., 2004; Morales et al., 2001;
Ruangjirachuporn et al., 2006; Sachdeva et al., 2004; Sajib et al., 2016; Soares-Vieira et al., 2000; Tenaglia et
al., 2004; Trivedi et al., 2002; Vallinoto et al., 2003; Verbenko et al., 2006; Yunis et al., 2001) were fed into
POPTREE2 and a phylogenetic tree was constructed following neighbor-joining (NJ) method (Figure 1).
Phylogenetic analysis based on the D1S80 alleleic profiles placed the four indigenous populations along with
the mainstream Bangladeshis, the north Indian Tamils and the mixed Panjabi Indians in a clade separated from
the rest. The Garo is an ethnic group belonging to the Mongolian human race which had the aboriginal dwelling
in areas adjacent to mid-Asia (Das and Islam, 2005). Their ancestors probably moved from northwestern side of
China to the northern side of 'Tibet' and then to the northeastern area of India through Bhutan (Das and Islam,
2005). Garos established an empire near the Garohill in northern area of Bangladesh during the 9th century (Das
and Islam, 2005). There is also an opinion that the original home of the Garo was in the Assam of India, and
they may be the successors to the Khasias, Nagas and Monipuris of Assam (Das and Islam, 2005). The
Monipuris may have a mixed origin from different ethnic groups belonging to the Mongoloids, the Tibeto-
Burman, Indo-Aryans and the Tais (Shans) (Sanajaoba, 2005). History of the origin and migration of the Khasia
is still a mystery and different opinions exist. Some have described the Khasias as Mongoloid people who speak
an Austric tongue (Mou Khmer) (Ahmmed, 2005). The Santals also speak in a language of with Austric (Mou
Khmer) origin (Bappy, 2012). On the other hand, Garos and Khasias have similar matrilineal hierarchy in
family in which daughter inherits mother’s property and inherit descent from mothers side (Bappy, 2012).
Similar social norms may indicate that these populations originated from the same root.

It was reported earlier that low DNA template mass (in the range of 0.05 — 0.25 ng) may result in allelic
imbalance/drop out for D1S80 alleles (Waterhouse et al., 2013). In this investigation, 10- 50 ng DNA was used
in PCR amplification to avoid such events. Amplified samples from different populations were resolved
together in agarose gels in batches to minimize any possible biasness in the calculation of product sizes resulting
from gel-to-gel relative migration.



Asian Australas. J. Biosci. Biotechnol. 2016, 1 (2) 389

Table 1. Frequency of D1S80 alleles in four major tribal populations (Garo, Khasia, Monipuri and
Santal) in Bangladesh.

D1S80 Allele Garo Khasia Monipuri Santal
14 0.000 0.000 0.000 0.008
15 0.000 0.000 0.014 0.008
16 0.007 0.013 0.000 0.038
17 0.063 0.000 0.014 0.083
18 0.120 0.256 0.114 0.114
19 0.106 0.128 0.086 0.167
20 0.099 0.038 0.071 0.068
21 0.035 0.051 0.057 0.030
22 0.042 0.000 0.043 0.015
23 0.021 0.000 0.014 0.045
24 0.035 0.038 0.086 0.023
25 0.063 0.077 0.029 0.023
26 0.028 0.064 0.086 0.038
27 0.035 0.077 0.043 0.061
28 0.021 0.051 0.043 0.045
29 0.014 0.051 0.057 0.038
30 0.049 0.026 0.029 0.008
31 0.042 0.000 0.000 0.030
32 0.077 0.026 0.086 0.030
33 0.063 0.013 0.043 0.030
34 0.028 0.038 0.014 0.045
35 0.014 0.000 0.014 0.030
36 0.007 0.026 0.000 0.000
37 0.000 0.026 0.029 0.000
39 0.014 0.000 0.000 0.015
41 0.007 0.000 0.000 0.000
43 0.000 0.000 0.000 0.008
44 0.007 0.000 0.000 0.000
47 0.000 0.000 0.014 0.000
50 0.000 0.000 0.014 0.000
HWE *** (p<0.001) *** (p<0.001) *** (p<0.001) *** (p<0.001)
N 71 39 35 66
Na 24 17 22 24

| 2.896 2.503 2.875 2.876
Ho 0.704 0.487 0.457 0.682
He 0.934 0.887 0.935 0.927
F 0.246 0.451 0.511 0.265

HWE= Hardy-Weinberg equilibrium

N= Number of samples

Na = No. of different alleles

I = Shannon's Information Index = -1* Sum (pi * Ln (pi))

Ho = Observed Heterozygosity = No. of Heterozygous / N

He = Expected Heterozygosity = 1 - Sum pi”2

F = Fixation Index = (He - Ho) / He = 1 - (Ho / He), where pi is the frequency of the ith allele for the population & Sum
pi~2 is the sum of the squared population allele frequencies.
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Table 2. Genetic relatedness among four major tribal populations (Garo, Khasia, Monipuri and Santal)

in Bangladesh.

Pair-wise Population Matrix of Nei Genetic Distance

Garo Khasia Monipuri Santal Mixed_Bangladeshi
0.000 Garo
0.246 0.000 Khasia
0.150 0.204 0.000 Monipuri
0.131 0.229 0.240 0.000 Santal
0.289 0.221 0.291 0.329 0.000 Mixed_
Bangladeshi
Bangladeshi
Tamil_North-Indians
Spain
Eonhem_c_roatian

Kur_Russian

Spanish_2

Caucasian_Brazilian

Australia
Kli_Byelorussians
{?outhem_Croatian
Turkish
Spanish_1
Nairs_North Indian
Viswakarmas_North Indian
Thandans_North Indian

Arayas_North Indian

Muslims_North Indian
Ekere_Indo-Proto_Australian
Eli_Kalmyks
Tiun_Yakuts

Nat. American
Nuevo Leon_Mexican

Fed. Dist_Mexican
Jalisco_Mexican

Ezhavas_North Indian

Per_Komi

Bengali Kayastha_West Ben
Bel_Russian

Kar_Mari
Mal_Udmarts

Pulayas_North Indian
Benin_African
General_Costarica
Maracaibo_Venezuelan
Caucasian-Mestizos_Colombia
Bob_Byelorussians

Kos_Russian

Mja_Byelorussians

Osh_Russian
Curiau_Afro-Brazilian
Mulattoes_Brazilian
Smo_Russian

Reddy_Proto-Austroloid and Indo-Caucasian
Baniya_Indo-Caucasian
Deshast Brahmin_Maharastra India

gal

Kolam_North-Ind
Filipino

Kenya_African

ians

Pacoval_Afro-Brazilian
Lobana_North-Indians

Rwanda_African

Thoti_North-Indians

Cameroon_African

African

Eqypt_African
Kuwaiti
Arab_Dubai

L— Pin_Byelorussians

Northeastern Thai

Rosario_Argentina
Kuki_Indo-Mongoloid

Hmar_Indo-Mongoloid

Afro-Caribbean_Costa Rica

|
0.05

Jat Shikh_North-Indians
Scheduled caste_North-Indians
Khatri_North-Indians
Brahmin_North-Indians

Figure 1. Phylogenetic analysis with D1S80 allele frequency data. 76 different population data were
included in this analysis. This tree was constructed following neighbor-joining (NJ) method using

POPTREE?2 software (Takezak et al., 2010).

4. Conclusions

Comparison of D1S80 allelic frequency distribution among seventy-six different populations placed the four
tribal populations (Garo, Santal, Khasia and Monipuri) along with the mainstream mixed Bangladeshis, Tamils
and mixed Panjabi Indians in a clade separated from the rest. Inference of genetic relationship from single-locus
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data has limitations (Fujisawa and Barraclough, 2013). Investigation at multiple highly polymorphic loci may
add more confidence to such genetic relationship studies. However, the gross appearance of the POPTREE
generated (only the D1S80 allele frequency based) phylogenetic tree of the world population does not show
much deviation from the overall expected outcome. Based on the allele frequency data, POPTREE grouped six
different African populations in one clade, while placed three different Spanish populations together in a
separate one. Different European populations were clustered closely in the tree as well. So, this study may add
new dimension to investigations on the actual origin of the major indigenous populations of Bangladesh. This
population specific D1S80 allele frequency data may also find use in forensic and clinical applications.
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