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ABSTRACT

This dissertation is part of the Higher Education Commission of Pakistan

(HEC) funded project, “Enthnogenetic elaboration of KP through Dental

Morphology and DNA analysis”. This study focused on five major ethnic

groups (Gujars, Jadoons, Syeds, Tanolis, and Yousafzais) of Buner and Swabi

Districts, Khyber Pakhtunkhwa Province, Pakistan, through investigations of

variations in morphological traits of the permanent tooth crown, and by

molecular anthropology based on mitochondrial and Y-chromosome DNA

analyses. The frequencies of seven dental traits, of the Arizona State

University Dental Anthropology System (ASUDAS) were scored as 17 tooth-

trait combinations for each sample, encompassing a total sample size of 688

individuals. These data were compared to data collected in an identical

fashion among samples of prehistoric inhabitants of the Indus Valley,

southern Central Asia, and west-central peninsular India, as well as to

samples of living members of ethnic groups from Abbottabad, Chitral,

Haripur, and Mansehra Districts, Khyber Pakhtunkhwa and to samples of

living members of ethnic groups residing in Gilgit-Baltistan. Similarities in

dental trait frequencies were assessed with C.A.B. Smith’s mean measure of

divergence distance (MMD). Intergroup patterning in the diagonal pairwise

matrix of MMD values was subjected to hierarchical cluster analysis with

Ward’s method, neighbor-joining cluster analysis, and multidimensional

scaling with both Kruskal’s and Guttman’s methods. Results indicate that the

five ethnic groups from Buner and Swabi Districts possess no affinities to the

prehistoric samples from southern Central Asia, or the Indus Valley. Likewise,
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they share no affinities to populations, either prehistoric or living, of

peninsular Indians. Among the samples of contemporary ethnic groups of

Pakistan, the Jadoons of Swabi District (JADsb) and the MadakLasht of

Chitral District are almost always identified as outliers with few affinities to

the other samples considered in this study. The two Yousafzai samples (YSFb,

YSFsb) and the two Wakhi samples (WAKg, WAKs) tended to exhibit closest

affinities to one another, as do the two Gujar samples (GUJb, GUJsb) and two

of the Syed samples (SYDb, SYDsb), albeit to a lesser extent. There does not

seem to be a consistent separation of samples from the Hindu

Kush/Karakoram highlands (i.e., Chitral District, Gilgit-Baltistan versus those

occupying the foothills and northern rim of the Indus Valley (i.e., Abbotabad,

Buner, Haripur, Mansehra, Swabi Districts), While members of these ethnic

groups tended to show relatively close affinities to other self-identifying

members of that ethnic group, regardless of sampling locality, this was not

true for Tanolis, for the sample from Mansehra District exhibits no affinities to

the sample of Tanolis from Swabi District (TANsb).

Maternal genetic ancestry was explored by analyzing the mtDNA coding

regions and control region sequence variation. Though this analysis, a total of

54 mtDNA haplogroups was identified, majority (50.53%) of them being

western Eurasian lineages, suggesting somewhat greater affinity with West

Eurasian populations relative to populations of other world regions. South

Asian lineages account for 39% of the lineages found among members of the

five sampled ethnic groups of Buner and Swabi Districts, while East Eurasian
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lineages account for 10.17%. West Eurasian lineages were found with greatest

frequency among the Gujars (62.3%), while lowest frequencies occurred

among the Tanolis (47.01%). The most prevalent haplogroup among all the

five ethnic groups was H with a frequency of 11.53%, while the frequencies of

U7 (6.98%), J1 (4.70%), W (4.70%) and HV (3.64%) was recorded. Frequencies

of South Asian lineages were found to be highest among Tanolis (47.76%),

while lowest frequencies occurred among Syeds (26.77%). Haplogroup U2

(8.35%), M3 (5.61%), and R5 (4.1%) were the most frequent South Asian

lineages found in the present study. Jadoons were found to exhibit the heist

frequency of East Eurasian lineages (15.15%), while lowest frequencies were

found among the Gujars (4.1%).” Haplogroup D was found to be the most

prevalent East Eurasian lineage, representing 3.64% individuals.

Genetic variations in the non-recombining segment of the Y-chromosome

(NRY) were characterized using 32 binary markers and 19 short tandem

repeats (STRs). These markers yielded 11 haplogroups across the five

population samples. The majority of the Y-chromosomes were found to

belong to haplogroups R1a1a (50%), R1b1a (17.4%) and O3 (13.86%). Highest

frequencies of haplogroup R1a1a-M17 were found among the Syed samples

(89.15%), while lowest frequencies occurred among the Jadoons (5.26%).

Western Eurasian haplogroup R1b1a-M297 was only found among the Tanoli

males included in the study, while Jadoon Y-chromosomes were

predominantly of haplogroup O3 (76.32%). South Asian haplogroup L was

found with highest frequencies among the Gujars (20.97%), while lowest
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frequencies occurred in the sample of Jadoon males (3.51%). Overall, this

study provides high resolution data sets for both uniparental lineage systems

(mtDNA, Y-chromosome), as well insight into the genetic diversity

encompassed by the five sampled ethnic groups of Buner and Swabi Districts,

Khyber Pakhtunkhwa, Pakistan.
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Chapter-1

INTRODUCTION

1.1. The Evolution and Dispersal of Modern Humans of the Eastern
Hemisphere

Recent anthropological and genetic studies provide powerful evidence that

the African continent served as the main, if not exclusive, place of origin for

anatomically modern humans (Tassi et al., 2015). However, the processes of

dispersal out of Africa remain unclear. Some authorities claim that early

modern humans left Africa through a single, major wave, dispersing

simultaneously over Asia and Europe (Tassi et al., 2015). Others suggest that

this dispersal actually involved two main waves; a first that led through the

Arabian Peninsula into southern Asia and Oceania, and a second later wave

of dispersal through a northern route crossing the Levant (Tassi et al., 2015).

Archaeological, linguistic, fossil and genetic evidence suggest that the initial

dispersal of anatomically modern humans occurred approximately 60,000-

75,000 years ago (Atkinson, 2011; Stoneking and Krause, 2011; Klein, 2008;

Mellars, 2006; Ramachandran et al., 2005; Trinkaus, 2005; Stringer, 2002; Cann

et al., 1987).

Many competing models for the origin and dispersal of anatomically modern

humans (AMHs) have been offered. Nevertheless, based on geographic

distribution, these ideas fall into two main competing models: (i) the

Multiregional Evolution Model, and (ii) the Replacement, or Out of African

Model. According to proponents of the Multiregional Model, Homo erectus
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expanded around the world 1.5-2.0 mya and evolved in situ in different

regions of the world. All populations remained the same species through

periodic gene flow between these regions to prevent speciation (Fig. 1)

(Thorne and Wolpoff, 1992).

Figure 1. Multiregional hypothesis of modern human evolution (Stoneking,
2008).

Proponents of the Out of Africa Model claim that all modern humans have a

relatively recent African origin, with a subsequent dispersal throughout the

Old World that completely replaced the existing archaic population (Fig. 2)

(Distotell, 1999). Over the last two decades, archaeological and genetic data

have provided far more evidence in favor of a recent African origin of modern

humans with relatively recent estimates than to the greater antiquity called

for the Multiregional Evolution Model. Specifically, between 200,000 to 50,000



3

years ago (ya) the fossil record from Africa shows a gradual accumulation of

anatomically modern osteological features, with the Omo and Herto skulls

from Ethiopia, representing the probable immediate ancestors of anatomically

modern humans 195,000 to 160,000 ya (Weaver, 2012; McDougall et al., 2005;

White et al., 2003).

The fossil record also suggests that the initial dispersal of anatomically

modern humans out of Africa occurred around 100,000 - first in Near East,

and then later through Arabian Peninsula and SW Asia (Schwarcz and Grun,

1992). Evidence points specifically to the Levant where modern humans lived

around 90,000 ya. It is believed that the range of anatomically modern

humans later retracted back to Africa, due to their inability to thrive in the

harsher, colder and more arid non-tropical environment of Late Pleistocene

Levant. This is indicated by the lack of hominin sites in the Levant between

90,000 and 50,000 ya (Bar-Yosef, 1992). Furthermore, the archaeological

evidence suggests that those humans who were present in the Levant prior to

90,000 ya appear to have been behaviorally pre-modern and were

subsequently replaced by the Neanderthals.
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Figure 2. Out of Africa theory about modern human evolution (Stoneking,
2008).

After the retraction of the range of anatomically modern humans,

archaeological and genetic data suggest a second dispersal of fully modern

human and the origin of all current non-African populations around 75,000-

60,000 ybp (Stringer, 2012; Henn et al., 2012; Quintana-Murci et al., 1999). The

routes by which modern humans spread out of Africa remain controversial

(Balter, 2011; Macaulay et al., 2005), with new archaeological and genetic

evidence preferring a route over a landcrossing that today is the Bab-el-

Mandeb Strait separating Djibouti from the Arabian Peninsula at the southern

end of the Red Sea (Fernandes et al., 2012; Mele et al., 2012; Armitage et al.,

2011). This expansion was accompanied by a pattern of decreases in genetic

diversity with increasing distance from Africa—a pattern consistent with
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serial founder effects, whereby a series of new populations are formed from

subsets of the expanding wave of dispersal outward from the point of origin

(i.e., Africa) (Mele et al., 2012; Henn et al., 2012; DeGiorgio et al., 2009; Li et al.,

2008).

The loss of genetic variation in humans is remarkable. For example, a recent

sequencing of 79 great ape genomes identified more than double the number

of SNPs identified from a sample of more than 1000 recent modern humans of

diverse geographical origins (Prado-Martinez et al., 2013; The 1000 Genomes

Project Consortium, 2010). Analysis of fossil DNA from two hominingroups,

the Neanderthals and Denisovans, suggest that limited gene flow from these

two archaic Homo species to modern humans occurred in two short-term

episodes (Green et al., 2010; Reich et al., 2010). The first of these episodes

appears to have occurred near the initial stage of the dispersal out of Africa,

for traces of such gene flow are found among modern humans worldwide. By

contrast, the second episode must have occurred much later, for gene flow

appears to be limited among modern humans to the ancestors of the

Melanesians of Oceania (Fig. 3).
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Figure 3. Hypotheses concerning the dispersal of modern human out of Africa
and bouts of gene flow with archaic forms of Homo. Circles and triangles
indicate fossil sampling area Neanderthal and modern human genomes. Blue
arrows depict primary routes of dispersal of anatomically modern humans,
following their departure from Africa 50,000-60,000 years ago (Bustamante
and Henn, 2010).

1.2. Genetics of the Out of Africa Model

Genetics has contributed significantly to resolving questions regarding

population divergence times, migration routes, demographic structure and

admixture, all of which were difficult to answer from the fossil evidence alone.

Such genetic studies have also investigated new questions, such as the mode

of selection and biological adaptation, as well as demographic history. The

extraction and sequencing of ancient DNA from fossil bones has further

expanded our view of genetic diversity by tens of millennia into the past
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(Raghavan et al., 2014; Green et al., 2010; Reich et al., 2010). Reconstructions of

human genetic ancestry have been based on data obtained from

mitochondrial DNA (mtDNA), Y-chromosome variations, as well as a small

number of nuclear DNA loci. Much of what these studies revealed, such as

evidence of a recent African origin of Homo sapiens, remains central to our

understanding today. However, recent developments have changed the

nature of the genetic evidence available for studies of human evolution and

dramatically increased its resolution?

Cann et al. (1987) analysed several global populations and concluded that the

most ancestral sequences split the tree into two branches; the first consisting

of only African mtDNAs, and the second containing the mtDNAs of

populations found throughout the rest of the world, including Africa. They

also calculated, using the molecular clock that the last common ancestor for

all modern humans lived in eastern Africa between 140-280 kya (Cann et al.,

1987).

Vigilant et al. (1991) sequenced the hypervariable region of the d-loop of

mtDNA among a large number of modern individuals and concluded that

majority were of African ancestry. Chimpanzee and human mtDNA

sequences were used to calibrate the rate of mtDNA evolution and they

estimated the modern humans last shared a common ancestor at some point

between 166 to 249 kya (Vigilant et al., 1991). Subsequent studies also

supported the Out of Africa Model, also calculate the ancestor of modern
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humans to be near this time; 230-298 kya (Ruvolo et al., 1993; Hasegawa and

Horai, 1991).

The subsequent dispersal out-of-Africa is thought to have taken a northern

(via the Levant) or a southern route across the Horn of Africa. Recent

evidence supports the latter as an initial single successful migration

(Chandrasekar et al., 2009; Kumar et al., 2009; Hudjashov et al., 2007; Forster

and Matsumura, 2005; Kivisild et al., 1999). A Levantine migration has been

recognized, but it has been identified as either having a lesser impact (Forster

and Matsumura, 2005) or occurring more recently (20-10 kya) in time (Winters,

2011). The Strait of Gibraltar has been identified as a third possible migration

point from northern Africa at around 40-35 KYA while western Eurasia was

still inhabited by Neanderthals (Winters, 2011). To date, the current genetic

and archaeological data available is generally interpreted as suporting a

single relatively recent origin of anatomical modern humans (AMH) in East

Africa (Liu et al., 2006).

The Out of Africa Model has received additional support from analyses of

mtDNA and Y-chromosome variations, which suggest that Australian

Aboriginals and Melanesians belong to the founder groups (mtDNA lineages

M and N, Y-chromosome lineages C and F) associated with the initial

dispersal of anatomically modern humans from Africa that occurred at some

point between 50-70kya (Hudjashov et al., 2007). Indeed, these studies suggest

strongly that Australian Aborigines were closely related to the indigenous

populations of Melanesia and that they were part of the same initial
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population that was subsequently separated due to the submersion of the

Sunda Shelf (Hudjashov et al., 2007).

1.3. The Human Dentition

Like all mammals, humans have two sets of teeth during the course of their

lifetime. These are the primary or deciduous teeth, which typically begin to

emerge one year after birth and are retained into late childhood, and the

permanent teeth, which gradually replace the exfoliated deciduous teeth

beginning in mid-childhood. By age 12, the deciduous dentition has been

replaced by the permanent set of teeth. The entire set of permanent teeth is

not complete, however, until late adolescence/early adulthood.

Deciduous and permanent teeth are composed of a crown and a root (Fig. 4).

The crown is the enamel coated portion of the tooth that protrudes from the

gingiva (gum tissue) into the oral cavity, while the root is anchored firmly in

the sockets, or alveolar process of the maxilla (upper jaw) and mandible

(lower jaw). Each tooth, crown and root are largely composed of a hard

calcified tissue known as dentin and cementum, respectively. The dentin of

the tooth crown is encased in a thick sheath of dental enamel, which is the

most highly mineralized tissue in the body. This strong coating provides the

durability required for a life’s worth of exposure in the mouth. Cementum

provides an anchor for the periodontal ligament, which fastens the tooth root

firmly to the alveolus. The external boundary between crown and root is

known as the cemento-enamel junction. This area is also known as the cervix
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or neck of the tooth. The center of each tooth is a pulp chamber that contains

nerves and blood vessels that enter through the root tips and provide

nourishment to the dentin. The tip of each root is referred to as an apex, and

the apex is pierced by an apical foramen for transmission of the nerves and

vessels that enter the pulp chamber. Unseparated root-like divisions within

the primary tooth root are referred to as radicals, while dental elements with

multiple roots are known as multiradicular teeth.

Figure 4. Cross-section of molar a tooth with anatomical terminology
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1.3.1. Types of teeth

As mammals, humans possess four types of teeth, which are classified

according to their form and position within the jaws. These tooth types are

incisors, canines, premolars and molars (Figs. 506). Incisors and canines,

which are located at front of the jaw, comprise the anterior dentition, while

premolars and molars, which are found at the back of the jaw, are known as

the posterior, or cheek, teeth. Only three types of teeth are present in the

deciduous dentition: incisors, canines and molars.

Figure 5. The four tooth types (occlusal view)
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Figure 6. The four tooth types (buccal/labial view)

Dental researchers employ a standard nomenclature when describing specific

regions or aspects of the dentition or of individual dental members. Such

standardized terminology is useful for describing morphological variation in

a specific tooth. The teeth found in the maxillary and mandibular jaws are

often referred to as dental arcades or arches (Fig. 7). The two arcades are

divided into right and left quadrants by an imaginary line, known as the

sagittal plane. The proximal portion of the tooth crown is known as the

cervical margin, where a prominence or bulge may arise. Among the posterior

teeth this region is known as the cingulum, but among the anterior teeth any

developments in this region of the crown is known as a tuberculum.
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The primary eminences arising from the occlusal surface of the tooth crown

are known as cusps, and these cusps differ in number by tooth type. Cusps

are separated from one another by grooves and furrows, which together for

the topographic landscape of the crown’s occlusal surface. As Old World

higher primates, the permanent dentition of humans characteristically

encompasses two incisors, one canine, two premolars, and three molars in

each quadrant, comprising a total of 32 teeth, which can be presented with the

following dental formula in which I stands for incisors, C for canines, P for

premolars, and M for molars.
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Figure 7. Positional terms for the teeth and jaws
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1.3.2. Dental Anthropology

The study of prehistoric, historic and modern human teeth is a well-

established speciality within the sub-discipline of physical or biological

anthropology. Hillson (1996) defined dental anthropology as the study of

people from the evidence provided by teeth. For the past 150 years,

researchers have used teeth in various anthropologically-related problems

such as: population origins and relationships, primate and human evolution,

health and disease problems, culture and dietary behavior, and physiological

stress (Irish and Scott, 2016). Tooth morphology consists of variations that are

expressed and can be transmitted from one generation to the next, much like

other genetically controlled traits, such as blood groups, fingerprint patterns,

skin color and height (Scott and Turner, 1997). As such morphological traits of

the permanent tooth crown and root are very useful for the reconstruction

phylogenetic relationships, evolutionary changes, the impact of diet, and for

calculating the degree of biological distance between communities (Walimbe

and Kulkarni, 1993).

Teeth have long been valued by dental anthropologist beause they reflect past

lifeways. Through examination of pathological afflictions suffered by

members of ancient populations, researchers can gain insights into the general

health conditions, diet and even social status of individuals (Hemphill, 2012;

Eshed et al., 2006; Cucina and Tiesler, 2003; Hillson, 1979). Similarly, the status

of dental eruption can be used for the determination of age at death among

adults (Smith, 1991), while microscopic investigations of tooth wear can yield
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information about what an individual was eating close to the time of their

death (Teaford and Lytle, 1996). Furthermore, teeth can be used in forensic

sciences for the identification of individuals (Pretty and Sweet, 2001), while it

can be used in palaeoanthropolog to obtain information about human

evolution and phylogenetic analysis (Ungar and Grine, 1991; Strait and Grine,

2004).

1.3.3. History of Dental Anthropology

The origins of dental anthropology may be found in both palaeontology,

where a number of early researchers used teeth to categorize fossils (Gregory,

1926; Bolk, 1922; Osborn, 1907; Owen, 1845), and in dentistry (Drennan, 1929;

Hellman, 1928; Sullivan, 1920; Gregory, 1922), where interest first arose out of

pathological conditions and expanded to describing natural differences in

human teeth and their relative frequencies in different populations

worldwide. One of the earliest such study of human dental morphological

variation comes from Georg von Carabelli (1842), a prominent Hungarian

dentist, who described the appearance of a small accessory cusp on the

mesiolingual surface of upper molars of European dentitions (Scott and

Turner, 1997). Carabelli’s trait is still observed and recorded today in most

dental evaluations, and is a source of anthropological interest globally

(Marado and Campanacho, 2013; Hsu et al., 1999; Hassanali, 1982; Townsend

and Brown 1981a; Reid et al., 1991; Scott, 1980). Variation in root and enamel

structure was also noted (Tomes, 1889; Owen, 1845), and most early studies
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focused on the dissimilarities between the various races (Hellman, 1928;

Flower, 1885).

In 1920, AlešHrdlička published a study that set forth a classification system

for assessment of the degree of expression of shovel-shaped incisors, which is

considered by researchers worldwide as the foundation for the modern study

of human dental morphology (Scott and Turner, 1997). This study also

provided comparative data on variation in the expression of shovel-shaped

incisors among various human populations as well as similar trait found in

the teeth of other species.

Hrdlička described similarities and differences in the degree of expression of

shoveling in Asian and American Indian samples and their clear

differentiation from African and European dentitions. He also studied other

dental morphology traits (Hrdlička, 1921), but made few inter-population

comparisons. Hrdlička (1921) also standardized various dental measurements

in an effort to improve consistency among dental researchers. An important

step forward for dental anthropological research occurred when Dahlberg

(1945) applied Butler’s concept of morphogenetic fields to the human

dentition. He identified four (rather than Butler’s three) primary dental fields

in the human dentition including incisors, canines, premolars and molars,

each with a morphologically (and genetically) stable member, almost always

identified as the first mesially placed tooth in the field (i.e., lower first molar

(LM1) or upper first premolar (UP3).
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Studies of both hominin and modern human dental variation and

development have increased significantly over the last half-century. Hominin

dental anthropological studies have, among many other things, illuminated

Plio-and Pleistocene hominin dental morphology (Gomez-Robles et al., 2008;

Gomez-Robles et al., 2007; Bailey, 2004; Wood et al., 1988; Wood and

Engleman, 1988; Wood and Uytterschaut, 1987; Wood et al., 1983; Wood and

Abbott, 1983), provided new information about Neanderthals (Bailey, 2002;

Bailey et al., 2011), analyzed microwear to assess hominin dietary variability

(Scott et al., 2005), identified behavioral patterns and wear-related remodeling

(Margvelashvili et al., 2013), and most recently, identified phylogenetic

relationships between the new hominin find, Australopithecus sediba, and other

hominin species (Irish et al., 2013).

More recent studies on differences in dental development between modern

humans and ancestral hominins have not only provided new insights into

dental relationships between these taxa but also introduced new technical

methods for visualization of internal and external dental structure (Smith and

Tafforeau, 2008). These studies have provided assessments of enamel and

dentine microstructure and hominin dental evolution (Smith et al., 2010; Smith,

2008b; Smith et al., 2007; Smith et al., 2006; Smith et al., 2004; Smith et al., 2003;

Dean et al., 2001; Dean, 1995, 1998).

Some anthropologists who study the human dentition focus on the variation

of a single morphological trait across a variety of samples (Mihailidis et al.,

2013; Townsend et al., 1990; Scott, 1980; Townsend and Brown, 1881; Suzuki
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and Sakai, 1973). More commonly, such studies consider batteries of multiple

tooth-trait combinations within and between population samples (Matsumura

et al., 2009; Matsumura, 2007; Haeussler et al., 1989; Kieser, 1984; Mayhall et al.,

1982b; Scott and Dahlberg, 1982; Kaul and Prakash, 1981; Kieser and Preston,

1981). To date approximately 100 morphological dental traits have been

observed and new traits often proposed (Cunha et al., 2012).

A standardized method of dental morphology trait recognition and

recordation was introduced in 1990 by Turner and colleagues that built upon

the earlier methods of Hrdlička (1920) and Dahlberg (Scott and Turner, 1997).

A series of rank-scaled reference plaques for 36 non-metric traits, known as

the Arizona State Dental Anthropology System (ASUDAS) were developed.

These plaques were accompanied by a set of guidelines for observers (Turner

and Nicol, 1991), which need to be followed carefully to minimize inter- and

intra-observer error and ultimately maximize comparability.

1.3.4. Dental studies in the Indo-Pakistan Subcontinent

Understanding the biological relationships among prehistoric and living

South Asian populations is an essential step in understanding the route of

dispersal of early human in the Indo-Pakistani subcontinent. Dental

morphological features are particularly important because, once they are

expressed within a given tooth, they remain unchanged thereafter (unlike

bone, which remodels), except for either pathological destruction of loss

through wear.
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The moderate to high heritability of dental morphology traits means that

these traits provide a reliable picture of the genetic affinities of past

populations and be used to test hypothesis about protohistoric human

movement in the subcontinent.

Dental morphology analyses have been given increased attention in recent

years within the Indo-Pakistan subcontinent (Hemphill, 2007, 2008, 2009, 2010,

2011, 2012, 2013; Blaylock, 2008; Lukacs et al., 1998; Sharma, 1983; Kaul and

Prakash, 1981; Sharma and Kaul, 1977). Variation in the frequency of non-

metric dental traits of permanent teeth has been used to assess bio-distances

among South Asian prehistoric skeletal series. Relevant research has focused

on early farming communities of the Deccan Plateau (Lukacs, 1987), Neolithic

and Chalcolithic series from the site of Mehrgarh, located in Baluchistan

Province, Pakistan (Lukacs and Hemphill, 1991; Lukacs, 1986), Iron Age

samples from Sarai Khola, Timargarha (Lukacs, 1983), and Parwak (Ali et al.,

2005), located in Swat, Haripur and Chitral Districts of northern Pakistan,

respectively. The first descriptions of the dental morphology of early

Holocene foragers focused on the site of Sarai Nahar Rai in the mid-Ganga

Plain of North India, although the small size of the sample precluded

assessment of biological affinities (Kennedy et al., 1986; Lukacs, 1977).

Subsequent analysis documented non-metric dental trait frequencies and

estimated inter-group bio-distances at the nearby site of Mahadaha (Lukacs

and Hemphill, 1992). Anthropologists at the Anthropological Survey of India,

Chandigarh University, and Sri Venkateswara University, Tirupati have
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documented non-metric dental trait frequencies in many living South Asian

ethnic groups and skeletal samples.

Andaman islanders and an array of ethnic groups from West Bengal received

attention from Anthropological Survey of India researchers (Banerjee, 1967;

Pal, 1978, 1987, 1992 a, b). Scholars from Chandigarh University focused on

Jats (Kaul and Prakash, 1981, Punjabis (Sharma and Kaul, 1977 and Tibetans

(Sharma, 1983), while ethnic groups of Andhra Pradesh have been analyzed

by Rami Reddy (1985).

Hemphill analyzed samples of living individuals from the isolated village of

MadakLashtin Chitral District (Hemphill, 2008, 2010, 2011), the Kho of Chitral

District (Blaylock and Hemphill, 2007; Hemphill et al., 2013), Awans, Gujars,

Swatis and Tanolis of Mansehra District (Hemphill, 2009, 2012a; Hemphill et

al., 2014), as well as collected samples from peninsular India (Hemphill, 2012b,

2013; Hemphill et al., 2000; Lukacset al., 1998).

1.3.5. Non-Metric Dental Morphological Traits

Dental morphology traits are commonly referred to as ‘non-metric’ variations

in external morphological structures that occur at a particular site on one or

more members of a tooth class or classes (incisors, canines, premolars, molars).

These traits contrast with the metric analysis of the dentition, which typically

concern measurements of individual tooth dimensions such as crown height,

root length, occlusal area, etc. The term non-metric implies structural

variations of individual crown and root forms that are visually scored in two
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ways: (1) “Presence- absence” characters such as groove patterns, accessory

ridges, supernumerary cusps and roots; or (2) as differences in form such as

curvature and angles (Hillson, 1996; Scott and Turner, 1997). When present,

many of these traits vary in the degree to which they are expressed (e.g.

cusp/ridge size) (Scott and Turner, 1997).

Comparison of nonmetric dental features has been a valuable tool in making

assessments of the affinities of human populations. Dental characteristics

have been studied not only for human evolution research, but also for the

reconstruction of population history (Scott and Turner, 1997).

1.3.6. Arizona State University dental Anthropology System (ASUDAS)

The Arizona State University Dental Anthropology System (ASUDAS)

comprises 36 rank-scale reference plaques that provide representations of

minimum, maximum and the most common intermediate expressions. The

ASUDAS procedures also help standardize the observations and recording of

more than 40 common crown, root, and intraoral osseous morphological traits

of the human permanent dentition (Turner et al., 1991). Description of the

seven dental morphology traits considered in the present study is given

below:

1.3.6.1. Shoveling

In both upper and lower incisors, and sometimes canines, pronounced mesial

and distal marginal ridges of the lingual tooth surface may occur, creating a
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lingual fossa in which the tooth has the appearance of a coal shovel (Fig. 8).

Shovel-shaping of the incisors and canines spans a range of expression, from

complete absence, to slight/trace shoveling, to heavily-buttressed marginal

ridges that give the tooth a barrel-shaped appearance. Shovel-shaped teeth

have been studies extensively by researchers working in various regions of

the world (e.g. Greene, 1982; Suzuki and Takai, 1964; Carbonell, 1963;

Abrahams, 1949; Hellman, 1928), and Shoveling has been shown to be one of

the most reliable dental traits for distinguishing between major geographical

populations (Scott and Turner, 1997). When the frequencies of shovel-shaped

incisors are dichotomized into presence-absence the highest rate of expression

(>90%) are seen in East Asian, North Asia, and American Indian populations

(Sino-Americans), while the lowest rates of expression (<20%) are observed in

European and Sub-Saharan African populations (Scott and Turner, 1997;

Carbonell, 1963). Other geographic groups, such as Sunda-Pacific populations

occupy an intermediate position in terms of trait expression (Scott and Turner,

1997). Modern Indians (49.1-36.0%) and Indo-Iranians (57.7-1.96%), like

Southeast Asians and South Siberiansare marked by intermediate frequencies

in shoveling frequency that distinguish them from southern Central Asians

(18.8-7.7%) (Hemphill, 2013)
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Figure 8. ASUDAS reference plaque for scoring shoveling of the permanent
upper central incisor

1.3.6.2. Tuberculum Dentale (aka, Median Lingual Ridges)

Tuberculum dentale, also known as median lingual ridges, are cingular

structures occurring on the lingual surface of the upper anterior teeth. They

are also sometimes referred to as lingual tubercles or cingular ridges (Scott

and Turner, 1997). They appear as vertical crests known as mediolingual

ridges or small tubercles or cusplets. The upper lateral incisor exhibits the

greatest variety of cingular expressions ranging from single ridges to multiple

cusplets. When these cusps occur on the canines they are known as canine

tubercles (Scott and Turner, 1997).

Classification and scoring of this trait has proven difficult as the levels of

intra- and inter-observer error in recording this trait has been shown to be

extremely high (Nichol and Turner, 1986). Turner and coworkers (1991)

recommend that researchers focus on the upper lateral incisors when

conducting comparative population studies (Turner et al., 1991), but Hemphill

(2011, 2013) has found that scoring median lingual ridges on both central and
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lateral incisors to be of the greatest utility when comparing population

samples from South Asia. The reference plaques for scoring this trait on the

upper incisors and canines are shown in Figure 9.

Figure 9. ASUDAS reference plaque for scoring tuberculum dentale among
the permanent upper anterior teeth

1.3.6.3. Metacone Reduction (Upper Molars)

The third (distobuccal) cusp of the upper molars is known as the metacone.

Reduction or absence of the distobuccal cusp is a typical in the first and

second molars, but can also occur on the third molars (Turner et al., 1991).

Because of the infrequency of reduced or absent metacone expressions

worldwide, the trait is used for comparative population studies. The

reference plaque for this trait is shown in Fig 10.
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Figure 10. ASUDAS reference plaque for scoring metacone reduction among
the permanent upper molars

1.3.6.4. Hypocone Reduction (Upper Molars)

The fourth (distolingual) cusp of the upper molars is known as the hypocone.

It is the most variable of the four main upper molar cusps, and can range

from a large, fully developed cusp, most often seen on the first molars, to a

reduced or absent cusp on the second and third molars (Hillson, 1996; Scott

and Turner, 1997). A six-grade ordinal scale and reference plaque have been

developed in the ASUDAS for scoring hypocone reduction (Fig. 11). Because

the hypocone is almost always present in the upper first molars, any trait

comparisons between populations should focus on the upper second molars,

as they are more variable in terms of cusp retention (Turner et al., 1991).

While this may be true worldwide, such is not the case for South Asian

populations, for Hemphill found peninsular Indians, especially those of

Maharashtra, to possess upper first molars with reduced hypocones than

observed among prehistoric and living inhabitants of Pakistan (Hemphill,

2011, 2013; Hemphill et al., 2000; Lukacset al., 1998; Lukacs and Hemphill,
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1991). The frequency of the hypocone in Europe is usually above 20%. The

Finnic-Permian group has a higher frequency of 27.1% the trait is less

common in Sunda-Pacific groups (under 11.8%) and is rare (under 10%) in

Sub-Saharan African, Australian and New Guinean groups. The frequencies

of this trait among South Siberians (14.2%) and South Asian (11.5%), (Scott

and Turner, 1997). According to Scott and Turner (1997), the frequencies of

this trait in upper second molars among South Siberians (14.2%) and South

Asians (11.5%) are relatively low. However, Hemphill (2011, 2013) has found

the frequency of full hypocone expression to range widely among South

Asians, being relatively infrequent among modern northern Pakistanis (8.7-

12.8%) and ethnic groups of Maharashtra in west-central peninsular India

(2.2-6.5%), but quite common among Dravidian-speaking ethnic groups of

southeast peninsular India (23.5-42.8%), the Kho of Chitral District (24.6%),

and prehistoric inhabitants of southern Central Asia (50-71.9%)

Figure 11. ASUDAS reference plaque for scoring hypocone among the
permanent upper molars
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1.3.6.5. Carabelli’s Trait

Carabelli’s trait exhibits a wide variety of expressions that range from small

pit and furrow features, to large tubercles with free standing apices, is one of

the most intensively studied of all dental morphological variants (Reid et al.,

1991; Hassanali, 1982; Kolakowski et al., 1980; Scott, 1980; Bang and Hasund,

1972). The eight-grade scale and reference plaque developed by Dahlberg

(1956) (Fig. 12) has become the most commonly employed standard for

scoring the trait and has been incorporated into the ASUDAS (Turner et al.,

1991). Carabelli’s trait has long been associated with western Eurasian

‘Caucasoid’ populations, and Scott and Turner (1997) have demonstrated that

this broad group shows the highest incidence of cusp and tubercle forms

(grade 5-7), followed by Sub-Saharan Africans. The trait occurs less

frequently in other world populations (Scott, 1980).

Figure 12. Dahlberg’s reference plaque for scoring Carabelli’s trait among the
permanent upper molars
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1.3.7. Lower Molar Cusp Number

Variation in the number of cusps found on the lower molars were first

categorized by Gregory (1916) and may range from three to seven cusps.

Three-, four- and five-cusped molars are the most common variants. The

distolingual cusp (entoconid) is omitted in three-cusped molars, while five-

cusped molars have an additional distobuccal cusp known as the

hypoconuild. A sixth cusp, known as the entoconulid, may occur between the

entoconid (distolingual cusp) and hypoconulid (distobuccal cusp). In the

lower molars, each of the main and accessory cusps is divided from the others

by a series of fissures. Lower first molars typically have five cusps, while

second molars typically have four. Lower third molars are more variable but

are usually four-or five-cusped. Western Eurasian populations show the

highest occurrence of hypoconulid absence (10-20%), while most other

populations have frequencies of less than 3% (Scott and Turner, 1997).

Lower second molars exhibit a much higher level of variation with regard to

cusp number (World range: 10-80%) and for this reason it is the key tooth in

population studies (Turner et al., 1991). Four-cusped lower second molars

occur with regularity among many populations, with Western Eurasian

groups showing by far the highest frequencies (>80%). The Sub-Saharan San,

Northeast Siberians, Native Americans and indigenous Australians have the

lowest frequencies (10-30%) (Scott and Turner, 1997).
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1.3.7.1. Molar Groove Pattern

In the lower molars, each of the main and accessory cusps is divided from the

others by a series of fissures, which form one of three common configurations:

the Y-, the X- and the +-patterns. In the Y-groove pattern the fissure

arrangement allows the mesiolingual and distobuccal cusps adjoin one

another, while the mesiobuccal and distolingual cusps are separated by a

fissure. In the X-groove pattern, the arrangement is reversed so that the

mesiobuccal and distolingual cusps abut one another and the mesiolingual

and centrobuccal cusps are separated.

In the +-groove pattern the fissures that divide the main cusps meet at the

same point in the center of the occlusal surface forming a cross. In the modern

dentition, the Y-groove pattern occurs most commonly on the first molar.

Because of the common tendency of modern humans to retain the ancestral Y-

groove pattern in the first molars, the lower second molar is the focal tooth for

comparative studies of groove pattern (Turner et al., 1991). In terms of

geographical distribution, the retention of the Y-groove pattern on the lower

second molars occurs most often among the San peoples of Sub-Saharan

Africa (60-70%). East and South African, Melanesian and New Guinean

groups occupy an intermediate position (25-40%), while Western Eurasian,

Sino-American, Sunda-Pacific and Australian groups show low frequencies of

the trait expression (5-20%) (Scott and Turner, 1997). According to Scott and

Turner (1991), the frequencies of the Y-groove pattern on LM2 varies from a

low of 7% among modern Indians and 7.6% Chinese-Mongolians to a high of
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27.2%among modern Western Europeans. However Hemphill (2011, 2013)

has found that the frequency of five-cusped LM2 varies greatly among South

Asian, ranging from lows of 10-12% among Awans of Mansehra District and

Wakhis of Gilgit-Baltist and to a high of 28.0-40.6% among Dravidian-

speaking ethnic groups of southeastern peninsular India.

1.3.7.2. Cusp 6

Cusp 6 occurs on lower molars between the hypoconulid (cusp5) and

entoconid (cusp 4). Cusp 6 is a commonly found in most of the world except

in Western Eurasians, New Guineans and the San, where the trait is found

only 5-15% of the population (Robinson, 1956). According to Scott and Turner

(1997), cusp 6 occurs with a frequency of 8.3% among Western Europeans,

20.2% among South Siberians and among 32.5% of South Asians. This latter

frequency stands strongly at odds with the findings of Hemphill (2011, 2013),

who reports that the prevalence of cusp 6 among South Asians is much lower,

ranging from a high of 12% among southeastern peninsular Indian to less

than 5% among living ethnic groups residing in Pakistan and west-central

peninsular India. In the ASUDAS, the size of Cusp 6 is scored on a six-grade

scale in relation to Cusp 5 (Fig. 13).
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Figure 13. ASUDAS reference plaque for scoring the entoconulid (Cusp 6)
among the permanent lower molars

1.3.7.3. Cusp 7

Cusp 7 is a supernumerary wedge-shaped cusp that may occur in the lingual

groove between Cusps 2 and 4 of the lower molars. This trait occurs most

often on the lower first molars and thus it is the key tooth for recording trait

frequencies. The ASUDAS uses a six-grade scoring scale and reference plaque

(Fig. 14).”

Scott and Turner report less variation in the frequency of this trait across the

six world region samples, ranging from a high of 9.9% among Southern

Siberians to a low of 1.6% among Indo-Iranians. Once again, however, the

latter frequency stands at odds with the findings of Hemphill (2011, 2013)

who reports Cusp 7 frequencies on the lower first molar as ranging from 5.7%

among the inhabitants of the isolated village of MadakLasht in Chitral District

to a high of 2.46% among the Madigas of Andhra Pradesh in southeastern

peninsular India.
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Figure 14. ASUDAS reference plaque for scoring the metaconulid (Cusp 7)
among the permanent lower molars

1.8. Molecular Anthropology

The term ‘molecular anthropology’ was first introduced by Zuckerkandl at

the 1962 symposium, ‘Classification and Human Evolution,’ to designate the

study of primate phylogeny and human evolution through the genetic

information decoded by proteins and polynucleotides (Soares et al., 2008).

Since then the field has not only moved its focus onto the molecular level,

which encodes the genetic information, DNA, but it has also extended its

application well beyond, and is becoming one of the most promising and

rapidly growing sub-fields of anthropology.

In fact, insights into several important issues have been obtained using a

molecular approach, leading to a substantial advance in our knowledge of

various key aspects of human evolution. These include, among others, the

reconstruction of the migration history of human populations, the

characterization of DNA in extinct humans and ancient populations, and the

role of adaptive processes in shaping the genetic diversity of our species

(Jobling et al., 2004). Certain similarities in the genetic makeup allow
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molecular anthropologists to determine whether or not different groups of

people belong to the same haplogroup, and thus if they share a common

geographical origin. This is significant because it allows anthropologists to

trace patterns of migration and settlement, which gives helpful insight as to

how contemporary populations have formed and evolved through time

(Jobling et al., 2004).

1.9. Haploid Loci in Molecular Anthropology

The first attempts to understand the history of human population movements,

demographic changes and admixture through genetics used protein markers,

such as blood groups and HLA (Cavalli-Sforza et al., 1994). We now suspect

that the diversity of these markers is strongly influenced by natural selection,

and researchers interested in investigating human history have since sought

to employ neutral markers (Cavalli-Sforza et al., 1994). Prominent amongst

these markers have been the non-recombining region of the Y-chromosome

(NRY) and mitochondrial DNA (mtDNA), despite ongoing concerns about

regional selection on the latter (Balloux et al., 2009). Most major questions

about population history and many populations have now been examined to

some degree using small numbers of informative sites on these loci. Their

uniparental modes of inheritance continue to illuminate sex-biased processes,

and the coinheritance of Y-haplotypes with patrilineal surnames allows the

exploitation of these cultural labels in the investigation of past population

structure. Issues of ascertainment bias of markers are fading with the use of

https://en.wikipedia.org/wiki/Haplogroup
https://en.wikipedia.org/wiki/Geographical
https://en.wikipedia.org/wiki/Human_migration
https://en.wikipedia.org/wiki/Town
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multiple Y-chromosome short tandem repeats (Y-STRs) and increasing

numbers of single nucleotide polymorphism (Y-SNPs), and with increased

resolution of mtDNA analysis. The entire mtDNA can now be readily

sequenced in many individuals, whereas for the Y-chromosome only a small

number of the available STRs are routinely analyzed, and the resequencing of

megabases of this chromosome is now possible with the careful application of

new technologies.

1.10. Mitochondrial DNA (mtDNA)

1.10.1. Characteristics of the mtDNA

Mitochondrial DNA occurs inone of the extra-nuclear organelles located in

the cytoplasm of eukaryotic cells, which is responsible for the production of

80% of cellular energy in the form of adenosine triphosphate (ATP) (Fig. 15).”

Mitochondria also participate in calcium signaling, intermediary metabolism,

and apoptosis. It is widely accepted that mitochondria derived from a

bacterial ancestor whose close symbiosis with a host cell eventually led to the

complete integration of the two organisms (Chang et al., 2010; Gray et al., 1999;

Margulis, 1970; Thrash et al., 2011; Wallace, 2007; Sagan, 1967).

The human mitochondria contain their own genomes, which is the only

genetic material found outside the nucleus of cells. Mitochondria contain a

circular double stranded DNA molecule of approximately 16,569 base pairs in

length (Butler, 2012; Ebner et al., 2011; Jobling et al., 2004).
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The mitochondrial genome has 37 genes, which code for 13 proteins (all

engaged in oxidative phosphorylation), 22 tRNAs, and two rRNAs. There is

only one non-coding region, the displacement loop (D-loop), which contains

the regulatory sequences for the mtDNA replication of origin as well as the

promoters for transcription (Anderson et al.,1981; Chang et al., 2010). Certain

bases within the D-loop are conserved, but for the most part bases found

within the D-loop are highly variables and have been divided into three

segments; HVS-I (nucleotide position [np.] 16024-16383), HVS-II (np. 57-372)

and HVS-III (np. 438-574) (Butler, 2012). These hypervariable portions have an

estimated mutation rate of 1.64* 10-7 for HVS-I and 2.297*10-7 for HVS-II, which

are about 10 times faster than that of the coding region (Soares et al., 2009).

The reason for this difference is that the non-coding region accumulates more

mutations than the coding part of the genome due to the absence of natural

selection.

Although each cell contains only one copy of nuclear DNA, it has several

hundred copies of the mtDNA (Robin and Wong, 1988). The genetic code of

the mitochondrial genome also differs from the nuclear genome. The codon

UGA in the mitochondrial genome transcribing amino acid tryptophan while

in the nuclear genome it serving as a stop codon. Similarly the AUA genetic

code of mtDNA codes for the amino acid methionine instead of isoleucine

and both the AGA and AGG serve as stop codons rather than coding for the

amino acid arginine (Scheffler, 1999).
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Figure 15. Circular mtDNA and its different genes (from Zlojutro, 2008)

1.10.2. mtDNA in Molecular Anthropology

Since the mid-1980s, the mitochondrial genome, along with Y-chromosomal

and autosomal DNA, have been use to trace the evolutionary and historical

lineages of Homo sapiens (Cann et al., 1987; Wallace et al., 1985; Johnson et al.,

1983). The mtDNA genome has numerous characteristics that make this

molecule ideal for phylogenetic analysis of modern humans. First, the

mitochondrial genome is maternally inherited via the ovum (Cummins, 2000;

Giles et al., 1980). Second, it has high abundance per cell, which allows the

researcher to detect a much lower amount of the sequence of interest,

especially from fossil material. Third, mtDNA has a much higher mutation

rate than the nuclear genome (2.67*10-8/site/generation), and finally, it does
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not undergo recombination (Fu et al., 2013; Maji et al., 2008; Asari et al., 2007;

Torroni et al., 2006; Piganeau and Eyre-Walker, 2004; Elson et al., 2001;

Saccone, 2000; Merriwether et al., 1991; Brown et al., 1979, 1982). All of these

features make this molecule desirable for the construction of maternal

haplotypes and their phylogenies (Avise et al., 1987; Giles et al., 1980).

Reconstruction of mtDNA phylogeny in humans has also played a central role

in locating the human maternal most recent common ancestor, the so called

“mitochondrial Eve”. Based on recent genetic studies, this maternal ancestor

who lived around 157,000 (Fu et al., 2013) or 124,000 years ago (Poznik et al.,

2013), ultimately leading to the single wave of dispersal out of Africa that

populated the rest of the world (Behar et al., 2008; Reed and Tishkoff, 2006;

Torroni et al., 2006; Forster, 2004).

Molecular anthropologists study differences in mtDNA sequences from

global population samples to examine questions of ancestry and migration of

peoples (Relethford, 2003). Hundreds of papers have been published in this

field over the past few decades. There are, however, a number of issues

concerning the use of mtDNA in anthropological genetic studies. The most

persistent is the irregular pattern of human variability that has been identified

in HVS-I sequence data, which has been largely attributed to mutation

“hotspots” (Malyarchuk et al., 2002; Galtier et al., 2006), but has prompted

others to suggest the effects of recombination (Piganeau et al., 2004; Hagelberg,

2003; Eyre-Walker et al., 1999). The possibility of recombination stems from a

limited number of studies that claim to have observed leakage of paternal



39

mtDNA in offspring (Zhao et al., 2004; Schwartz and Visssing, 2002; Williams,

2002). If recombination does, in fact, occur, then some of the assumptions

from which phylogeographic analysis of human mtDNA is conducted must

be reconsidered. Furthermore, the distribution of mutations in the control

region is non-random, leading to problematic rate heterogeneity issues when

calculating divergence date estimates (Meyer et al., 1999; Excoffier and Yang,

1999; Tamura and Nei, 1993).

Still further, there is an on-going debate as to whether human mtDNA

evolves neutrally. An assumption behind various population genetic analyses

is the selective neutrality of the genetic markers employed. There have been

reports of natural selection affecting mtDNA, with temperature being

highlighted as a possible selective force (Ruiz-Pesini et al., 2004; Mishmar et al.,

2003; Torroni et al., 2001). However, several other studies have concluded that

human mtDNA sequence variation has not been significantly influenced by

climate (Balloux et al., 2009; Amo and Brand, 2007; Ingman and Gyllensten,

2007; Kivisild et al., 2006; Elson et al., 2004). Despite these limitations, mtDNA

remains by far the most widely used genetic marker in studies of human

population history.

1.10.3. mtDNA Haplogroup Distribution

A haplogroup is a set of related haplotypes which share a common set of

mutations. They are not population specific, but can occur or originate in

specific geographic regions (Jobling et al., 2004). Wallace et al. (1999) found
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that many individuals from the same or similar populations shared similar

mtDNA sequences and could be clustered together to form haplogroups.

These haplogroups are often continent-specific and as such they can provide

an indication of historical migrations of modern humans. For example, the

American Indian lineages (haplogroups A-D) can also be found among Asian

populations (Schurr et al., 1990).

Mitochondrial DNA haplogroups are identified by letters of the Latin

alphabet. By now, all letters of the alphabet have been used, except O (van

Oven and Kayser, 2009). The majority of the African mtDNA haplogroups

belong to “L” clades,” namely L0, L1, L2, L3, L4, L5, L6 and L7 (Behar et al.,

2008). There is some debate about whether M and N evolved from L3a in

Africa or outside of Africa. Haplogroup L3, originated in East Africa and is

believed to have given rise to every non-African haplogroup after a small

number of L3 migrants left Africa around 60-70,000 years ago (Soares et al.,

2012; Behar et al., 2008). The time of the most recent common ancestor (TMRCA)

of the L3 haplogroup (corresponding to the time of the population divergence)

has been dated to 78,300 years ago (Fu et al., 2013). The next divergence

occurred soon afterwards, at around 77,000 years ago when the super-

haplogroup MN separated from L3. The M clade (encompassing haplogroups

C, E, G, Q, Z, and D) was disseminated towards Asia and to Indonesia,

Australia, and later to the Western Hemisphere. More than 70% of mtDNA

lineages identified among the inhabitants of India belong to haplogroup M

(Chandrasekar et al., 2009). The lineage is also common among South Indian
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tribal and caste populations, accounting for all but three lineages among the

Chenchus (Kivisild et al., 2003). Haplogroup M is also found at high

frequencies (30-35%) among the populations inhabiting the Makran Coast of

Pakistan and northwestern India (Quintana-Murci et al., 2004). By contrast,

haplogroup M is low or absent among populations residing west of the Indus

Valley and in Central Asia (<12%) (Quintana-Murci et al., 2004).

Its sister clade N includes almost all European and Oceanic haplogroups as

well as many of the haplogroups found among Asians and American Indians.

Parahaplogroup N* encompasses haplogroups A, I, S, W, X, and Y. The most

common European clade R is also within the N clade. It is divided into R*

(including haplogroups B, F, J, P, and T), R0 (including HV, H, and V) and U,

the latter of which includes haplogroup K (Fig. 16). Haplogroup H is the most

frequent recent haplogroup in Europe (contributing to 40-45% of the

European lineages), which have the highest frequency in Western Europe.

Further major European haplogroups are J, K and T (each has a frequency up

to ~10%) (Szecsenyi-Nagy et al., 2014; Brandt et al., 2013; Richards et al., 2000).

Analysis of mtDNA variation has been accomplished by using both restriction

fragment length polymorphisms (RFLP) and direct sequencing of the short

hypervariable regions (HVS-1 and HVSII) found in the control region of

mtDNA. Haplogroups are distinguished by a combination of RFLPs, HVS-I

and HVS-II polymorphisms (Schurr, 2004a).

Mitochondrial DNA is not only useful for characterizing variation; it can also

be used to estimate the time of divergence of a specific branch of a
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phylogenetic tree. Using either coalescence or distance methods of estimation,

most researchers addressing the issue of the initial New World settlement

have arrived at very old dates for this event (Schurr, 2004b).

Figure16. Simplified mtDNA tree (Modified after van Oven and Kayser, 2009).

1.11. Y-chromosome Studies

In addition to the mitochondrial genome, a large portion of the paternally

inherited, Y-chromosome also possesses genetic properties suitable for

evolutionary genetic studies. The Y-chromosome is the second smallest

nuclear chromosome, with a length of about 60 million base pairs (Skaletsky

et al., 2003; Jobling and Tyler-Smith, 1995). More than 90% of the Y-

chromosome does not participate in recombination with conserved regions of

the X-chromosome; hence, this region is known as the non-recombining

portion of the Y-chromosome (NRY). This region, also commonly referred to

as the male-specific region of the Y-chromosome (MSY) (Hallast et al., 2016), is



43

flanked by two pseudoautosomal regions (PAR1, PAR2) located at the tips of

both arms, and these pseudoautosomal regions is undergo meiotic pairing

and exchange with the X-chromosome (Vogt et al., 1997). PAR1 is located at

the tip of the short arm and is 2.6Mb in length, while PAR2 is found at the tip

of the longer arm but is much smaller at only 0.32Mb (Jobling et al., 2004). The

centromere (CEN) of the Y-chromosome is composed of heterochromatic

sequences of approximately 1Mb in length that separate the short arm (Yp)

from the long arm (Yq). The majority of the distal long arm is comprised of a

heterochromatin block of about 30Mb, which is assumed to be genetically

inert and polymorphic in length because of two highly repetitive sequence

families, DYZ1 and DYZ2 (Quintana-Murci and Fellous, 2001).

The first Y-chromosome polymorphism was reported in 1985 (Casanova et

al.,1985), but more than a decade elapsed before a well-resolved Y-

chromosome tree was available (Underhill et al., 2000; Hammer et al.,

2001;YCC, 2002). A schematic diagram of the Y-chromosome is provided in

Fig. 17.

The physical characteristics of the Y-chromosome make it especially useful for

inferring population histories (Jobling and Tayler Smith, 1995, 2003). It is

essentially a haploid genetic system that is passed down from father to son

without the obscuring effects of recombination. Being able to follow the line

of paternal transmission that places the Y-chromosomes unambiguously into

a phylogeny makes it particularly useful. In addition, the Y-chromosome is

present in a single copy only in males. Thus, it has a smaller effective
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population size relative to autosomal DNA and hence is more susceptible to

genetic drift. Males also experience a high level of variance in reproductive

success, which reduces the effect population size for the Y-chromosome even

further (Rozen et al., 2009; Tyler-Smith, 2008).

Figure 17. Structure of the human Y-chromosome (after Repping et al., 2006)

1.11.1. The Phylogeny of the Y-chromosome

The existing theories surrounding human evolution and population genetics

create the framework for using DNA polymorphisms to distinguish one

population group from the other (Nelson, 2007; Vallone, 2004). The haploid Y-

chromosome has proved to be a superb tool in a variety of areas of particular

interest to anthropologists, including forensic applications (Ballentyne et al.,

2014), genealogical reconstruction (Larmuseau et al., 2013), molecular

archaeology (Lacan et al., 2011a, 2011b) and human evolutionary studies

(Poznik et al., 2013; Thomson et al., 2000).

There are two major kinds of extremely useful markers on the

nonrecombining portion of the Y-chromosome. The first consist of a set of
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biallelic markers known as unique event polymorphisms (UEPs), which

consist mostly of single nucleotide polymorphism (SNPs) and small

nucleotide insertions and deletions known as indels. The mutation for this

polymorphism occur at a low rate on the order of 3.0 x 10-8

mutations/nucleotide /generation (Xue et al., 2009). Biallelic markers have

been used in the construction of a robust phylogenetic tree linking all the Y-

chromosome lineages from world populations (Y-chromosome Consortium,

2002; Karafet et al., 2008). The Y-chromosome tree currently consists of 27

major clades (Fig. 18) containing 311 distinct haplogroups defined by 599

unique mutational events (Karafet et al., 2008).

The second class of mutations found in the NRY consists of microsatellites or

short tandem repeats (STRs) (Roewer et al., 2001; Goldstein et al., 1996; Ruiz-

Linares et al., 1996). The STRs enable a greater resolution of the Y-

chromosome, and can be used to generate the haplotypic profile. So far, more

than 300 Y-STR markers have been found in the NRY (Butler, 2005). The high

mutation rates of STRs relative to the biallelic markers make them extremely

useful in forensic identification and population diversity estimates. Mutations

in these markers are scores as the number of repeats of a given sequence

(typically a 2-6 base pair sequence although some are more complex

consisting of compound STRs) (Kayser et al., 2000; Nachman and Cromwell,

2000; Xu et al., 2000; Heyer et al., 1997).

These markers have increasingly been used in combination with Y-SNPs for

finer resolution within haplogroups (Underhill and Kivisild, 2007). Y-STRs
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have also been used in times estimations for SNP lineages or eminent persons

(Wang and Li, 2013). A particularly well-known example was the

determination of Genghis Khan’s lineage (Zerjal et al., 2003). Although this

approach is widely used, there are still some debates about the best way to

use STRs in lineage dating. In particular, there are two popularly used Y-

chromosomal STR mutation rates, the genealogical rate and the evolutionary

rate. The genealogical rates are directly observed rates in father-son pairs

(Wei et al., 2013), whereas the evolutionary rates are those calibrated against

historical events, such as the divergence of the Maoris and Cook Islanders in

the Pacific (Zhivotovsky et al.,2004).

Figure 18. A phylogeny representing the global Y-chromosome macro-
haplogroups according to the classification of Karafet et al. (2008)

Unlike mitochondrial DNA, the nomenclatural system for the most ancestral

haplogroup is identified by letters at the beginning of the alphabet, namely A-

M91 and B-M60 for African haplogroups (instead of L for African mtDNAs).

The most common haplogroup found among Europeans is R1b-P25 (Butler,
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2005). Haplogroups L-20, H-60, and R2a-124 are typically found among South

Asian populations, particularly among peninsular Indians, while haplogroups

R1a1a-M17 and J2-M172 are both West Eurasian lineages (Haber et al., 2012).

A common East Asian lineage is haplogroup C3, which is thought to

represent the lineage of Genghis Khan (McElreavey and Quintana-Murci,

2005; Zerjal et al., 2003).

1.12. Archaeological and Historical Background of Pakistan

South Asia consists of the Indo-Pakistan subcontinent, encompassing the

modern nation states of India, Pakistan, Bangladesh, Nepal, Bhutan, Sri Lanka

and the Maldives (Fig. 19). On the west, Pakistan shares borders with Iran and

Afghanistan, to the north with China, to the east with India, and to the south

it is bordered by the Arabian Seas. As a whole, the Indo-Pakistan

subcontinent is home to 1.5 billion human inhabitants who speak a wide array

of languages and practice a number of different religions. It is currently

believed that modern humans arrive here soon after their departure from

Africa some 50,000 to 70,000 years before present and this region has

witnessed a number of subsequent migrations and invasions. These events as

well as the unique social structure of the area have helped shape the pattern

of genetic diversity currently observed in different ethnic groups found in

region (Ayub and Tyler-Smith, 2009).
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Figure 19. Geographic location of Pakistan relative to other adjacent countries
(Ahmed, 2014)

According to Majumdar (1998), more than 4,000 well-defined populations,

including some 500 tribal and more than 30 hunter-gathering populations

reside in South Asia (Majumder, 1998). The vast majority of these populations

are endogamous, which is a common practice in the Hindu caste system, and

large consanguineous families, especially among the Muslim and Dravidian-

speaking ethnic groups of South India. Together, these cultural practices

provide unique resources for addressing such demographic events as genetic

bottlenecks, population expansions and admixture, that have shaped the

genetic diversity present in this region today (Majumder, 1998).

Linguistically, the region encompasses major groups of Indo-European,

Dravidian, Tibeto-Burman and Autro-Asiatic speakers, minority groups, such
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as the Andamese, and even linguistically isolated groups such as the Burusho

of northern Pakistan and the Nihali of Madhya Pradesh in Central India (fig.

20). More than 70% of the populations in South Asia speak a language

attributed to the Indo-European family of languages (Gordon, 2005). Tibeto-

Burman speakers are present in the north and northeast and form a majority

in Bhutan and Nepal. Dravidian languages are prevalent in South India, Sri

Lanka and, intriguingly, in Baluchistan province of Pakistan, where a

northern Dravidian language, known as Brahui is spoken. Austro-Asiatic

languages are spoken by a number of non-caste tribal populations residing on

the Chota Nagpur Plateau of east-central India, as well as the Khasi, an ethnic

group found largely in the State of Meghalaya, located in northeastern India

(Gordon, 2005).

South Asia is also home to followers of many religions, the most prominent in

terms of numbers being Hinduism, Islam, Buddhism and Sikhism. The

population also includes sizeable Christian, Jewish and Zoroastrian minorities.

All have contributed to the genetic and culture diversity found in South Asia

(Gordon, 2005).
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Figure 20. Distribution of language families and linguistic isolates in South
Asia (Ayub and Tyler-Smith, 2009).

Stone tools assigned to the Soan tool industry in northern Pakistan represent

the earliest evidence of a Palaeolithic presence in the Indo-Pakistan

subcontinent (Hussain, 1997). Although the archaeological evidence is

fragmentary, these stone implements are evidence that archaic hominins were

present in the subcontinent as early as 200,000-400,000 years ago (Wolpert,
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2000) and are thus likely to have been associated with archaic Homo sapiens.

Pakistan lies on the postulated southern coastal route that early human

migration took place from Africa to Australia (Lahr and Foley, 1994). There is

evidence of large semi subterranean houses in the Khyber Pakhtunkhwa

province (formerly known as the North-West Frontier Province), but fossil

evidence from the Palaeolithic has been fragmentary (Hussain, 1997).

Evidence of an early Neolithic farming community some 7,000 years ago has

been unearthed at the site of Mehrgarh, which sits at the foot of the Bolan Pass

on the North Kacchi Plain of Baluchistan (Jarrige, 1991), followed by the Indus

Valley civilizations (including the cities of Harappa and Mohenjo-Daro) that

flourished in the 2nd and 3rd millennia B.C. (Dales, 1991). The ruins of the

ancient urban center of Harappa, Mohenjodaro and Chanhudaro in Pakistan,

Dholavira, Kalibangan and Farmana in India provide evidence of a large

coordinated civilization centered on the Indus Valley whose ancient script

remains, as yet, undeciphered (Marshall, 1924; Wheeler, 1947; Kenoyer, 1998).

Due to its geostrategic importance as the gateway to India, it is not surprising

that the archaeological record of Pakistan indicates that the north-western

borderlands of the subcontinent served as an important filter through which

human populations have repeatedly entered into South Asia (Lukacs&

Hemphill, 1991).

Around 1500 B.C., Indo-European-speaking nomadic pastoral tribes, the so-

called “Aryans”, are alleged to have crossed the Hindu Kush Mountains into

the subcontinent from Central Asia and established their supremacy over
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local Dravidian-speaking populations (Wolpert, 2000). The Hindu Kush

consists of a series of mountain ridges in eastern Afghanistan and north-

western Pakistan. Since ancient times, it has been the crossroad of the densely

settled regions of South and Central Asia and of historical Persia. The Hindu

Kush Mountains have forests above 800-1000 meters and alpine meadows

below; several Old Iranian texts such as the Avesta, refer to this territory as

being rich in vegetable resources (Witzel, 2003). This made the Hindu Kush a

favoured area for transhumance, as well as a pathway from the Ural steppe

area, bypassing the West Central Asian deserts, towards Afghanistan and

Eastern Iran, in addition to following the paths of Central Asian Rivers

(Frachetti, 2012).

The earliest archaeological and linguistic data form the Bronze Age present

sequences in temporally and spatially relevant to prehistoric settlement in the

Hindu Kush. Urban cultures flourished in the region, beginning with the

widespread Bactria-Margiana Archaeological Complex (BMAC) of

Afghanistan, Turkmenistan and Uzbekistan, in the late third and first half of

the second milennia BC (Frachetti, 2012; Lamberg-Karlovky, 2002; Hiebert,

1994). The unknown BMAC language can be triangulated from the loan

words that it transmitted to Old Iranian (Avestan, Old Persian), Old Indian

(Vedic) and Tocharian, the latter of which was spoken in westernmost China

(Xinjiang) (Pinault, 2003; Sims-Williams, 2002; Lubotsky, 2001; Witzel, 1999).

According to Bengtson (1997, 2003), this language seems related to North

Caucasian in the west and to Burushaski from the Hunza Valley of Gilgit-
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Baltistan in the east, both form part of the Macro-Caucasian language family

that also includes Basque.

Later historical and linguistic evidence points to the Hindu Kush as being a

region reached by the early expansion of the Indo-Iranian languages (Hintze,

1996; Oranskij, 1977). They partially overlapped and succeeded the earlier

BMAC presence in southern Central Asia, expanding from the northern

steppe (Andronovo culture) after 2000 BC (Kuzmina, 2012; Carpelan and

Koskikallio, 2001; Redei, 1986), possibly through the Inner Asian Mountain

Corridor pathway that stretched from the northern steppe belt to the Hindu

Kush (Frachetti, 2012). By 1400 BC, the Indo-Aryan branch of Indo-Iranian

languages covered the western part of Central Asia from the Urals to the

Hindu Kush and the eastern borders of Mesopotamia (Ahmed, 2012).

After c. 1000 BC, this extensive Indo-Aryan layer was, in turn, overlapped by

their close relatives, the Iranians. The practiced horse mounted nomadism

across Asia, from the Romania to Xinjiang (Scythians, Saka) with some of

them also settling in the Hindu Kush (Bactrians), the Tian Shan area

(Sogdians), and as far west as present-day Iran (Medes, Parthians, Persians)

(Hintze, 1996; Oranskij, 1977). In this large Indo-Iranian speaking area, people

could easily move both east and west along the steppe belt, helped in travel,

herding and warfare by the development of horseback riding (Anthony, 2007).

Pastoral nomadism in western Central Asia, and in parts of eastern Central

Asia, was characterized initially by Indo-European speakers, followed by

Indo-Iranian-speakers, then Iranian, until Turkic, Altaic-speaking people
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finally took over (Add citation for the Turkic/Altaic expansions). The Kalash

of central Chitral in northwestern Pakistan provide an isolated illustration of

such movements.There is no evidence of admixture between them and East

Asians (Rosenberg et al., 2002), and they preserve, even today, many traces of

early Indo-Aryan (pre-Vedic) mythology and rituals, while their language

corresponds to very archaic Indo-Aryan (Bashir, 1998; Morgenstierne, 1973).

History shows commerce and conquests meandering through the Hindu

Kush region. Alexander the Great’s army subdued the area around 330 BC

(Holt, 2006). During the Greco-Roman and early medieval periods, the Hindu

Kush becomes an active way station for trade along the Silk Road, which

connected the Mediterranean Basin and Eastern Asia for over 16 centuries

(Kuzmina, 2007; Elisseeff, 2001).

Around AD 600, the western part of Central Asia was invaded by nomadic

Turkic-speaking groups who established the current Turkic-speaking area

(Holster, 1993). These groups replaced the former Iranian-speaking

population, although small enclaves remained in northern Uzbekistan until

AD 1400 (Khwarezmian); indeed, they remain to this day in the western and

southern valley of the Pamirs, as well as near Samarkand in Uzbekistan

(Yaghnobi) and southwestern Xinjiang (Saiqoli) (Findley, 2005; Holster, 1993;

Orjanski, 1977). The presence of nomadic groups of Turkic-speakers was first

reported around 200 BC with the creation of the first Central Asian nomad

empire. Turkic conquests went on for a thousand years when they were

interrupted by the Mongol expansion after AD 1200. Genghis Khan’s vast
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empire stretched from the lower Danube to the Pacific, including much of

Siberia, northern-central China, and the I1-Khanate’ that covered the

Anatolian and Persian area south of the Black and Caspian Seas and of the

Hindu Kush (Jackson 2005; Cavalli-Sforza, et al., 1994; Holster, 1993).

Several late migrations took place simultaneously around AD 1000. These

include the western Iranian-speaking Baluchis moved eastward from eastern

Turkey into Baluchistan, the Dravidian-speaking Brahui migrated north from

Central India, while the Romani (Gypsies) migrated westward out of India

(Elfenbein, 1987). During the past few decades, molecular geneticists and

anthropologists have analyzed DNA variation among human populations in

order to trace their genetic relationships and to obtain information on South

Asian populations, especially those residing in Pakistan, which is well-

represented in the Human Genome Diversity Project. (Add citations for these

details here)

1.12.1. Modern Pakistan

The Islamic Republic of Pakistan is one of the largest Islamic countries in the

world, with an area of 796,095 km2 and consisting of five provinces along with

the Islamabad capital territory and the Federally Administered Tribal Area

(FATA) (Jaffery and Sadaqat, 2006). About 67.5% of the population is rural

and 32.5% urban (Citations for these details?). The country is famous for its

human and geographical diversity. It has a variety of landscapes, ranging

from desert to evergreen forest, fertile plains to dry plateaus, and low-lying
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plains to the high Himalayas which are home to a diverse array of human

communities, plants and microbes. Pakistan also has an extensive river

system, with the Indus and its rivers feeding the fertile plains of Punjab and

Sindh and providing adequate food for the country. There are a large number

of anthropologically well-defined human populations in Pakistan, which are

sometimes identified as linguistic groups. The size of these populations

ranges from a few thousand to several million. In effect, the current Pakistani

population is a mosaic of a number of distinct ethnic and linguistic groups.

Present-day Pakistan has a population of over 170 million individuals

(Pakistan Economic Survey, 2006-2007) who belong to 18 well-defined ethnic

and linguistic groups (Grimes, 1992), the majority commonly being identified

as descendants of invading populations of the past. The major ethnic groups

from northern Pakistan include the Baltis, Burushos, Hazaras, Kalash,

Kashmiris, Jadoons, Yousafzais, Gujars Tanolis, Syeds, and Punjabis.

The languages are mostly derived from Indo-European, but also include an

isolate, Burushaski; a Dravidian language, Brahui; and a Sino-Tibetan

language, Balti. The majority of living Pakistanis are speakers of Punjabi, who

appear to represent a complex admixture of ethnic castes and groups

(Ibbetson, 2001) such as Gujars, Jats, Meos, Rajputs and Aryans (Fig. 21).
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Figure 21. Ethnic groups living in Pakistan (Izady, 2007-2014)

1.13. Khyber Pakhtunkhwa

The Khyber Pakhtunkhwa (KP) Province, located in the northwestern portion

of the country and formerly known as the North-West Frontier Province

(NWFP), is one of the five provinces of Pakistan. The North-West Frontier

Province was created by the British in 1901 and encompassed five settled

districts (Hazara, Peshawar, Kohat, Bannu and Dera Ismail Khan) kept under

the direct control of the Governor General through a Chief Commissioner

(Khan, 2005). In 2009, the NWFP was renamed as Khyber Pakhtunkhwa. The

province is currently divided into seven divisions and 25 districts (Fig. 22).
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According to the 1998 census report, the total population of the province

encompasses approximately 7.7 million individuals (Ali et al., 2010).

Khyber Pakhtunkhwa has the highest percentage of Muslims of any province

or state in the subcontinent, and these Muslims are divided ethnically into

Pashtuns and non-Pashtun ethnic groups. Pashtuns account for 37%, Hindus

and Sikhs 8%, while non-Pashtun Muslims form the remaining 55% of the

total population (Talbot, 1990). Most of the districts are hilly and in parts

mountainous while a minority are on the level plain. Keeping in view the

limitations of time and resources as well the scope of the study, only two

districts of Khyber Pakhtunkhwa (Buner, Swabi) were included in this

endeavor. A summary of the ethnography and demography of the districts

are provided below.

1.13.1. Buner District

The Buner District lies between latitude 340-11’ to 340-34’ and longitude 720-

13’ to 720-45’. It is bounded by the Swat and Shangla Districts to the north, to

the west by the Malakand Agency, to the south by the Mardan and Swabi

Districts, and to the east by Haripur and Mansehra Districts (Fig. 22). The

geographical setting of the area provides a habitat rich in diversity of plants,

especially medicinal and other species. The majority of the residents of Buner

District belong to various Yousafzai ethnic group, followed by Gujars and

Syeds.
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1.13.2. Swabi District

The Swabi District is bounded by the Buner District to the north, Haripur

District to the east, the Attock District of the Punjab (Province) to the south,

and the Nowshera and Mardan Districts to the east (Fig. 22). This district lies

between the Indus and Kabul Rivers. Its distance from the provincial capital

of Peshawar is about 100km. The total area and population of the district are

1,543 km2 and 1,654,000 individuals in 2014, respectively. Pashto is the main

language spoken in the district, although, Hinko is also spoken in some parts,

as well. Swabi District encompasses two main regions, the northern hilly area

and the southern plain. The major parts of the northern hilly area lies in the

Gadoon area in northeast, while the southern area is composed of fertile plain

and low hills.

The major ethnic groups residing within Swabi District are Yousafzais,

Jadoons, Gujars, Syeds, and Tanolis.
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Figure 22. District map of Khyber Pakhtunkhwa (former NWFP) and the
Federally Administered Tribal Areas (FATA) showing the study area (Source:
Election Commission of Pakistan cited Khyber.org, 2010).

1.14. Brief History of the Studied Ethnic Groups

1.14.1. The Gujars

The Gujars are a well-known ethnic group found in parts of India, Pakistan

and Afghanistan (Lalata et al., 1971). Wikely (1985) suggested that the Gujars

invaded India in 3rd century B.C., but according to Nidvi (1985), they came to

India from Gujarustan (Gorgia) in 5th century AD.

Gujars are believed to have their origins within the Indus Valley. According

to Chohann (1960), they were present in the Indo-pakistan subcontinent for

more than 10,000 years (Chohann, 1960). The spread of Gujars in the Indo-Pak

subcontinent can be realized from the Gujars who are often said to have 84
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clans or sections, while other accounts assign them 101, 170 or even 388 clans

(Weston, 1911). According to Chohann (1960), Gujars are the aborigines of the

Indo-Pakistan subcontinent; a claim he based on the Mahabharata (Chohaan,

1960). Puri (1971) reported that the Gujars converted to Islam during the

Mughal period and, after accepting Islam, the region around Balakot

remained under their control until the 17th century when Balakot was taken

over by the Swatis (Puri, 1971). In Pakistan, Muslim Gujars are considered a

separate ethnic group, while in Hindu India Gujars have been assimilated into

several Varnas (Parishad and Bharatiya, 1996).

Approximately 33 million Gujars are residents of Pakistan. In India their

numbers exceed 30 million. Many Gujars are engaged in agriculture, civil

service and the urban professions and are established landlords on large

tracts of lands. Gujars are found throughout Pakistan and they are especially

common in Hazara, Mansehra, Haripur, and Abbottabad Districts, Hazara

Division (Watson, 1907).

Gujars are found throughout Pakistan and they are especially common in

Hazara, Mansehra, Haripur, and Abbottabad Districts, Hazara Division

(Watson, 1907).

1.14.2. The Jadoon

The Jadoons are a Pashtun-speaking ethnic group who are also known as

Gadoons. Horace Rose (1911), a British ethnologist, reported Jadoon as being

present partly in Gadoon area of Swabi District and partly in Abbottabad and
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Haripur Districts, while some members of this ethnic group reside in

Nangarhar and Kunar Provinces of Afghanistan. The Jadoon speak Pashto in

Swabi and in Afghanistan, but in Abbottabad and Haripur they speak Hindko.

Regardless of language and locality, the Jadoon are divided into two clans:

Salar and Mansoor (Rose, 1911).

According to Weston (1911), the Jadoons originally lived on the western

slopes of the Spin Ghar ranges (White Mountain ranges) and in the

Nangarhar Province of Afghanistan. Later, they migrated to the Kabul Valley

of Afghanistan In the 16th century, the Jadoon joined the Yousafzai, who had

been expelled from Kabul by Mirza Ulugh Beg, the paternal uncle of the

Mughal emperor Babur, and emigrated eastwards to the Peshawar area and

settled in areas inhabited by the Dilazak, another immigrant ethnic group of

Afghans (Weston, 1911). They defeated the Dilazaks at the Battle of Katlang

and pushed them east of the Indus River to the Hazara region. Eventually,

they settled in Swabi District at the western bank of the Indus River (Weston,

1911). Later, some Jadoons also settled on the eastern bank of the Indus River,

in Abbottabad and Haripur Districts.

1.14.3. The Syeds

The word Syed means chief, and it is a common word used for those Muslim

families who clam descent from the Prophet Muhammad peace be upon him

(PBUH) through his grandsons Hassan and Hussain, who were the sons of

the youngest daughter of the Prophet, Hazrat Fatima, who lived 1,400 years

ago (Elise et al., 2010). The Prophet Muhammad (PBUH) himself had no son
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who survived into adulthood. During the early days of the expansion of

Islam, the male lineal descendants of Hassan and Hussein were famous and

collectively known as Syeds (Walker, 1998). A large number of Syed families,

who are found all over the word today, still claim patrilineal descent from

Hassan and Hussein (Levy, 1957). Despite the fact that Syeds have no proper

religious authority over non-Syeds, they nevertheless enjoy high social status,

particularly within Shiite groups (Weekes, 1984). In most of the traditional

areas of the Muslim world, Syeds are given great respect among other

Mulsims.

Numbering some 14 million individuals, the greatest numbers of Syeds are

found in South Asia, where they are evenly divided between India and

Pakistan, with another million living in Bangladesh and some 70,000 in Nepal

(Suneela and Faryal, 2011). Arab merchants traded all along the southern

coasts of Indo-Pakistan subcontinent even before Muslim Arabs began the

conquest of Sindh in AD 711. As Islam expanded, honorific families,

including Syeds, spread across the Muslim world (Israeli, 1982).

The Syeds came to Mansehra District along with Jalal Shah and Syed Ahmad

Shaeed’s Mujahidin. Syed Jalal Shah was the son-in-law of Sultan Mehmud

Khurd, the last ruler of the Turkish dynasty. Syed Jalal Shah, a descendent,

lived in Kaghan and Swabi Maira. Syed Jalal Shah conspired with the Swatis

and invited them to invade the area known as Pakhli Sarkar (Suneela and

Faryal, 2011). They succeeded in overthrowing the Turkish rulers from the

Sarkar. The most crucial attack was that of the Swatis under the command of
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Jalal Baba in AD 1703, which resulted in the ousting of the Turks and its

subsequent occupation by Syeds (Suneela and Faryal, 2011). The Punjab was

under the control of Maha Raja Ranjit Singh, during the Sikh regime and

Singh extended his authority into lands now encompassed by Khyber

Pakhtunkhwa Province. In 1826, Syed Ahmad Shaheed launched a jihad

against the Sikhs along with hundreds of his troops and followers in Balakot

and Mansehra (Ahmad, 1987).

1.14.4. The Tanolis

The Tanolis mostly occupy the Tanawal Valley of Khyber Pakhtunkhwa

Province, while some families also reside in Haripur, Abbottabad, Mansehra,

and Swabi Districts. They are also present in Ghazni and Paktia Provinces of

Afghanistan. There is controversy as to whether the Tanolis are Afghan

Pasthtuns or Barlas Turks, for they are sometimes recognized as a Barlas

Turkic group related to the Mongols, who acquired the Pashtun lifestyle to an

extent and have adopted many Pashtun cultural features (Watson, 1907). In

alliance with other Pashtun ethnic groups, the Tanoli participated in the

frontier wars during 1840s against the British. The Tanoli were described as

extremely hostile and the best swordsmen in an analysis by Charles Allen

about these wars (Watson, 1907). It is said that the Tanoli homeland may be

found at Dara Tanal, in the Ghazni region of Afghanistan (Watson, 1907). It is

claimed that the Tanolis joined the army of the Ghaznavi emperor Sabuktigin

and traveled to India in the 10th century (Watson, 1907). After the invasion,

the Tanolis settled in the Swat and Buner Districts, where they formed their
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own state and appointed Anwar Khan Tanoli as their first head. However,

they later they came into conflict with other Afghan ethnic groups who had

recently migrated eastward into the region, most notably the Yousafzai

(Watson, 1907). The Tanolis were defeated in a battle at Topi under their

leader Ameer Khan and were forced to cross the Indus River in search of a

new home. Under the command of Maulvi Mohammad Ibrahim, they crossed

the Indus and settled on the eastern bank, capturing the territory after

defeating the Turk.

Their settlement took place in AD 1472 under the leadership of their

prominent leaders the brothers Charand Mamarra. The two brothers divided

the area into two parts, the upper and the lower Tanawal. Two main Tanoli

clans, the Hindwal and the Pallal, fell into a dispute and had a long-standing

feud in the 18th and early 19thcenturies. The Hindwal gradually gained

superiority and Mir Painda Khan successfully united all Tanolis into one

entity that eventually became the princely states of Amb and Phulera. Haibat

Khan and Suba Khan, after eleven generations, became prominent Khans of

whom the former founded the Amb state and his grandson, Painda Khan,

became independent master of the Hazara region (Watson, 1907). The Amb

State, with its primary capital at Darband and summer capital at Shergarh.

Tanolis mostly occupied the Pashtun-dominated areas of Khyber

Pakhtunkhwa and Afghanistan speaks Pashto, while in Hazara Division they

speak Hindko.
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1.14.5. The Yousafzai

The Yousafzai, literally means the “sons of Joseph”, are a Pasthtun ethnic

group found in the northern parts of Khyber Pakhtunkhwa (Tokayer, 2007).

The Yousafzai are numerically the largest Pathan ethnic group in Pakistan

and are second only to the Ghilzai of Afghanistan in overall population size

(Barth, 1959). There are a variety of cultural and ethnic similarities between

Jews and Pashtuns (Katzir, 2001). Many currently active Pashtun traditions

may have parallels with Jewish traditions (Prusher, 2007). The code known as

Pashtunwali is strikingly similar in content and subject to Jewish Mosaic Law.

The Yousafzai spread over a large area that stretches from the Bajaur Agency,

contiguous with the Durand line to the easternmost reaches of Mansehra

District (Caroe, 1958). Yousafzai territories include the Pashtun heartland

areas of the Swat Valley, Malakand Agency, Dir, Buner, Malakand, Swabi,

Mardan Districts, as well as the extremely mountainous Kohistan in northern

Khyber Pakhtunkhwa. Prominent Yousafzai clans include the Mamund,

Hassanzai, Akazai, Chagarzai, and Khan Khel. The Yousafzai are the most

widely studied Pashtun ethnic group (Elphinstone, 1819; Caroe, 1958; Barth,

1959; Ahmed, 1976; Lindholm, 1982).

According to Yousafzai oral traditions, their ancestral home is located in

Kandahar in southern Afghanistan. By the 13th century they had moved

westward to the city of Kabul. Instrumental in ushering Ulugh Beg into the

kingship of Kabul in the early 15th century, they were then persecuted by him

in an attempt to protect his throne. The Yousafzai then moved eastward,
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crossing the Indus River into the fertile valleys of the present-day Khyber

Pakhtunkhwa (Caroe, 1958). By the mid-15th century, the Yousafzai began to

move into the Swat Valley, displacing the indigenous peoples living there

(Barth, 1959). The valley and its surroundings were particularly fertile lands,

encouraging the Yousafzai to continue eastward into the irrigated foothills of

the Pir Pangi and Hindu Kush ranges. Consolidating these conquests, the

Yousafzai adopted an agricultural economy and rapidly grew in numbers. At

the time of initial British contact in Khyber Pakhtunkhwa, the Yousafzai

represented the principal ethnic group east of the Indus River (Caroe, 1958).

Ahmad (1976) identifies two diverging elements within the Yousafzai- nang

and qalang. The former tend to reside in the hill region of Upper Swat,

practice the conventions of Pashtunwali, and a renowned for their Pashto

(Ahmad, 1976). The agricultural clans that had settled east of the Swat Valley

largely acquiesced to the British presence. For them, the British represented

an administrative presence and opportunity for economic and political

development. These clans took up positions within the British administration.

Some even travelled to various corners of the British Empire, including East

Africa, Southeast Asia and the United Kingdom. Many gained British

citizenship during the period between partition and the independence drive

of the 1950s and 1960s that saw most of Britiain’s imperial possessions gain

nominal political independence.

Elements of the Yousafzai characterized as nang maintained a belligerent

attitude towards the British presence. Lashkar-men based at the Asmaas
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center in the Malakand Agency undertook a religiously inspired, jihad against

the British occupation of parts of the NWFP (Khalil, 2000). Despite facing

reprisals from the British, this struggle continued until partition and the

withdrawal of the British. By the end of the 19th century, the British

administration saw the Swat Valley descend into violence that arose from

internecine conflict over increasingly sparse agricultural lands, as well as

doctrinally inspired violence directed at the British presence (Caroe, 1958).

Following partition, the question of Swat’s accession to Pakistan was formally

raised among the rulers of Swat and rejected on a number of occasions. It was

only during the presidency of Ayub Khan in 1969 that Swat was formally

admitted to Pakistan as a part of the then NWFP (Khyber Pakhtunkhwa)

(Barth, 1959).
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1.15. Aims and Objectives

The recorded history of Pakhtunkhwa Province of Pakistan reveals that it has

been invaded or traversed sequentially by Greeks, Arabs, Persians, Mongols

and White Huns, amongst others. Archaeological evidence reveals that there

have been numerous migrations of varying size into and through Khyber

Pakhtunkhwa over the last ten thousand years.

The three primary aims of this study were to identify the composition and

distribution of maternally and paternally inherited haplogroups via mtDNA

and Y-chromosome of the five sampled ethnic groups of Buner and Swabi

Districts of Khyber Pakhtunkhwa, as well as to determine their patterns of

phenotypic expression of dental traits of the permanent tooth crown. I also

sought to determine whether each ethnic group’s oral traditions concerning

their origins are supported by analyses of their dental traits, mtDNA, and Y-

chromosome. An additional goal was to determine whether members of the

five sampled ethnic groups share similar characteristics with other living and

prehistoric people of adjacent regions (i.e., southern Central Asia, the Indus

Valley, Baluchistan and peninsular India) through the analysis of dental traits.

The three primary objectives of this study are as follows:

1.To explore the pattern of dental morphological trait expression among

members of the five sampled ethnic groups of Buner and Swabi Districts,

Khyber Pakhtunkhwa using the ASUDAS.

2. To characterize variation in mtDNA and the Y-chromosome among

members of the five sampled ethnic groups of Buner and Swabi Districts,



70

Khyber Pakhtunkhwa to determine the diversity of their paternal and

maternal lineages.

3. To determine whether the genetic data obtained from DNA yields the same

patterns of affinities among samples as those obtained from dental

morphology trait variation.
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Chapter-2

MATERIALS ANDMETHODS

2.1. Dental Casting

All of the materials employed in this study are provided in Appendix 1.

Dental casts were collected among members of the major ethnic groups of

Buner and Swabi Districts of Khyber Pakhtunkhwa province of Pakistan (Fig.

22) during several field visits by a team from the Department of Genetics,

Hazara University Mansehra. Although dental casts were collected among

both male and female volunteers, only the casts obtained from males are

considered in the current study in an effort to maximize the comparability of

these dental data with the data obtained from mtDNA and the Y-chromosome.

Voluntary consent was provided by all the participants and the research was

approved following a full ethical review at the Hazara University, Mansehra.

An example of the voluntary consent form is provided in Appendix 2. Before

obtaining a sample from a participant, it was verified that was no inter-ethnic

group marriages over the course of the last three generations. The participants

were then given toothbrushes to clean their teeth properly before taking the

impression. Volunteers were encouraged to sit with their heads tilted forward

in an effort to minimize the likelihood of a gag reflect interrupting the casting

process (Fig. 23).
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2.1.1. Selection Criteria

A total of 688 unrelated male individuals from the five ethnic groups

provided voluntary consent for the casting of their maxillary and mandibular

teeth. Individuals were selected on the basis of meeting four criteria relating

to age, ethnic group identity, relatedness and dental status. Individuals who

were between 14 to 22 years of age, had fully erupted permanent teeth, except

third molars, who belonged to a specific ethnic group, and who possessed

dentition free of dental restorations were included for dental casting. Subjects

who did not meet the criteria outlined above were excluded from dental

casting. The participants consisted of students from secondary and higher

secondary schools, where the desired ethnic groups were available for casting.

Headmasters, or otherwise responsible administrative officials, of these

educational institutions, were approached and provided with a through

explanation of the research effort and the potential risks to subjects, and also

provided with information about the research project.

2.1.2. Biosafety Measures

Disinfected dental trays were used to take dental impressions of individuals

with the sterilized alginate commonly used by orthodontists. After taking the

alginate dental impression, the mold was filled with die stone. Alginate was

used for obtaining dental impressions because of the high and accurate

resolution of tooth crown topography. For every dental impression, alginate

and water were mixed in a rubber bowl, creating a semi-fluid mixture that
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was immediately poured into a casting tray that provided the best fit for the

participant’s jaw. The tray was then placed inside the participant’s mouth.

After 1-2 minutes the tray was removed from the subject’s mouth and was

taken to a separate area to be prepared for the next step.

2.1.3. Making the Cast

Die stone was poured into the alginate molds and agitated so that the air

bubbles could escape. The trays were then left to set for 30 minutes. Some

hard plaster was left behind at the base to make it strong and stable. The casts

were dried properly and wrapped in tissue paper and stored for future

analysis. The trays were cleaned and properly treated with disinfectant to

make them ready for future use.

2.1.4. Recording of Dental Morphology

Dental non-metric traits were identified and scored in accordance with the

Arizona State University Dental Anthropology System (ASUDAS; Scott and

Turner, 1997; Turner et al., 1991). The ASUDAS consists of more than 36 tooth

crown traits that are scored with the assistance of 23 reference plaques

(Turner et al., 1991). The procedures in this system are based on well-

established criteria for scoring intra-trait variation (Irish, 2005; Turner 1985,

1987, 1990; Turner and Markowitz, 1990 Haeussler et al., 1988; Sakuma and

Ogata, 1987; Scott, 1973, 1980). Observations of the dental traits were made on

both right and left antimeres. For all the five ethnic groups, dental trait
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frequencies were calculated using each grade expression according to

individual count method of Scott (1973, 1977, and 1980).

Figure 23. Collection of dental casts in the field: A) Registration of the
volunteer, B) Cleaning of the teeth, C) Taking the dental impression, D)
Pouring of die stone into the alginate impression, E) Die stone caste of the
maxillary dentition, F) Data recordation for each sample and analysis.
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2.1.5. Quantitative Analysis

After recording of dental traits for all five ethnic groups, the data were

dichotomized into presence/absence categories for comparative purposes,

which is essential for further analysis of rank-scale data.

2.1.6. Statistical analysis

The samples of the five ethnic groups were compared with living and

prehistoric sample data from South and Central Asia. C.A.B. Smith’s Mean

Measure of Divergence statistic was used to calculate the triangular matrix of

pairwise inter-groups bio-distances, and their associated standard deviations.

Three types of multivariate data reduction were used to simplify the patterns

of inter-group biodistances. These include hierarchical cluster analysis with

Ward’s (1964) method, neighbor-joining cluster analysis (Saitou and Nei,

1987), and nonmetric multidimensional scaling into three dimensions with

Guttman’s (1968; Lingoes, 1973) coefficient of alienation and Kruskal’s

(1964a,b) method.

2.2. Molecular Genetic Analysis

2.2.1. Precautionary Measures

Disposable gloves were worn at all times when working within the laboratory.

Additional measures were also taken when performing sensitive tasks or

handling dangerous/harmful chemicals and equipment, such as the UV
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irradiation and cleaning with absolute ethanol of workspaces before and after

procedures.

2.2.2. Sample collection

2.2.2.1. Collection strategy

Mouthwash samples were collected from unrelated male volunteers of the

five ethnic groups who gave informed consent. Several field visits were

arranged to collect samples from these ethnic groups. Those areas which were

known to contain large number of individuals of a particular ethnic group

(town and villages) were targeted for the sample collection. Along with

mouthwash samples, each donor was queried for information about their self-

declared ethnicity, language spoken, and place of birth, with similar

information collected about their parents, paternal grandfather and maternal

grandmother.

2.2.2.2. DNA sample collection

Participants were first given a tooth brush to clean their teeth. After tooth

brushing, they were given labeled collection cups and instructed to pour 10

ml mouthwash of (5%) sucrose solution into the collection cup. They were

also asked to vigorously rinse their mouth with the solution for one minute.

The samples were kept at room temperature until returned to the laboratory

and stored at -20°C before further processing.
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2.2.3. Laboratory Methods

2.2.3.1. DNA purification

The mouthwash obtained from volunteers was collected in 15ml sterile

centrifuge tubes. The DNA was isolated from these samples with a modified

protocol of Ralser et al. (2006) from buccal epithelial cells. Approximately 2ml

of the subject’s mouthwash were transferred to new tubes. The tubes

containing the epithelial cells were centrifuged for 5 minutes at 7000rpm to

pellet the buccal cells and debris and the supernatant was immediately

poured off to avoid pellet slippage.

A volume of 1 ml of cell lysis solution [10mM Tris 0.5% SDS, 5mM EDTA (PH

8.0)] (5ml lysis buffer, 10ul of proteinase K and 3ul of marcaptoethanol) was

added to each tube containing the cell pellet. The mixture was vortexed for

10s at high speed, followed by incubation at 60°C for two hours. After

incubation, 500 μl mixture of Phenol and Chloroform (1:1) was added and

incubated at room temperature for 5 minutes. Samples were centrifuged at

10,000 rpm for 15 minutes and the supernatant was carefully transferred into

clean tubes. A volume of 600 μl of 2-propanol was added to each tube

containing supernatant, and inverted gently a few times. The samples were

incubated at -20°C for 20 minutes and centrifuged again at 10,000 rpm for 15

minutes. The supernatant was discarded and the DNA pellet was then

washed with 70% ethanol by inverting the tubes several times. After

centrifugation at 7000 rpm for 5 minutes, the ethanol was poured off carefully.

The tubes were inverted and drained on clean, absorbent paper, allowed to air
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dry before 100 μl DNA hydrated solution was added. The tubes were then

incubated at 37°C for two hours to make sure that all DNA had dissolved

before being stored at -20°C. DNA concentrations were quantified using a

Nanodrop spectrophotometer.

2.2.3.2. mtDNA Analysis

Maternal genetic ancestry was elucidated through the analysis of mtDNA

variation in 659 male participants of five ethnic groups. Haplogroups were

first confirmed using custom TaqMan® assays that screened samples for

phylogenetically informative single nucleotide polymorphisms (SNPs) that

define the major branches of the human mtDNA phylogeny (Table 1). All

TaqMan® assays were run on an ABI Prism® 7900 HT Fast Real-Time PCR

System. Each reaction was carried out using 5 μl total volume and 50 cycles.

SDS v2.3 was used to run all reactions, and the results were called by hand.

Table 1: List of TaqMan® Assays used for major branches of mtDNA
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2.2.3.2.1. RFLP Analysis

A single RFLP test was carried out to characterize mtDNA SNP 14766 for

haplogroup HV. This technique is used to determine the sites at which DNA

has been cleaved by restriction endonuclease into two or more fragments.

Each digest contains two μl 10X enzyme buffer, 1 μl BSA, 0.25 μl enzyme (Mse

1) and 11.25 μl ddH20 in a 20 μl reaction volume (Table 2). Samples were

incubated overnight at 37 C0.

Table 2: PCR-RFLP analysis test for mtDNA SNPs.

In addition, to determine the haplogroup membership of each sample, the

whole control region, including HVS1, HVS2 and HVS3 was also directly

sequenced for each sample using four primer pair combinations. The four

overlapping primer pairs were used to amplify nucleotide position (np) from

16024-576. In order to cover a range of nucleotide position 16,024-16400 of the

HVS-I region, primer pair 15838 F and 269 R were used for some samples

(Table 3).

As noted in Chapter 1, the control region of mtDNA has a higher mutation

rate than the coding region (Stoneking, 2000; Greenberg et al., 1983; Anderson

et al., 1981), thereby providing a highly polymorphic sequence that is useful in

differentiating samples within haplogroups. The mtDNA haplotypes
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provided by this sequence were then used to construct the terminal branches

of the mtDNA phylogeny, and present an unbiased basis for nucleotide

comparisons between individuals.

For HVS-1 sequencing, nucleotide positions 16,000 to 16,400 and 16,000-16,569

were first amplified by polymerase chain reaction (PCR) using 0.20 μl of

either primer pair’s 15838F/16501R or 15838F/269R, combined with a PCR

mix given in Table 4. The HVS2 and central part of the control region were

amplified using the same amount of reagents using primers 16226F/426R and

16453F/725R respectively. The PCR amplifications were performed on a 9700

GeneAmp PCR system (Applied Biosystems) with the conditions provided in

Table 5.

Table 3: Primer pairs used for amplification and sequencing of the control
region of mtDNA.
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Table 4: PCR reaction mixture used for all amplifications.
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Table 5: PCR conditions for the primer pairs of mtDNA control region.
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2.2.3.2.2. Agarose Gel Electrophoresis

Agarose gel electrophoresis is a technique that enables the separation of DNA

molecules by size in a gelatin matrix. Prior to its use, the electrophoresis

equipment was washed with dH2O before being left to dry. Electrophoresis

was carried out to visualize controls and PCR product, and to conform a

single band. There must be enough products to perform the sequencing

reaction. The SeaKem Agarose gel (1%) was prepared by adding 1g Agarose

into 100 ml 1 X TBE buffer. The mixture was boiled in a microwave oven until

all of the gel was completely dissolved. The gel solution was then allowed to

cool to ~50 C before adding 3 ul Syber safe. After the gel was set in the

casting tray with a >15 space comb, 2 μl of PCR products and DNA ladder

were loaded into different wells and electrophoresed in 1 X TBE buffer at 120

v for 45 minutes. The gel was photographed and used to estimate the

concentration of the PCR products by comparing the intensity of each band to

the DNA ladder.

A mixture of exonuclease1 (Exo1), thermosensitive Shrimp Alkaline

Phosphatase (tSAP) and ddH2O per sample were used to destroy single-

stranded DNA from the PCR product of each sample (Table 6A). The samples

were then sequenced using the BigDye Terminator v 3.1 kits (Applied

Biosystems) with the components found in Table 6B. After cycle sequencing,

extraneous, unincorporated ddNTPs were removed from the samples using

BigDye X Terminator Purification kits (Applied Biosystems), the components

provided in Table 6C.
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Table 6: Cycle sequencing protocol: A) Pre-sequencing, B) Cycle Sequencing,
C) Post-sequencing.

Sequences were read on ABI 3730x1 Gene Analyzers located in the Laboratory

of Molecular Anthropology and the Department of Genetics Sequencing Core

Facility at the University of Pennsylvania. The ABI 3730x1 Gene Analyzer is

an automated capillary electrophoresis system that generates sequence data

via the Sanger dideoxy method (Sanger et al., 1977). All of the sequences were

aligned and edited using Sequencher v5.3 software (Gene Codes Corporation).

Mutations were determined through comparison with the revised Cambridge

reference sequence (rCRS) (Andrews et al., 1999; Anderson et al., 1981).

Samples were assigned to haplogroups and haplotypes based on Phylo Tree

mtDNA tree, Build 16 (Van Oven and Kayser, 2009).
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2.2.3.3. Y-chromosome Analysis

The non-recombining portion of the Y-chromosome (NRY) from each male

participant of the five ethnic groups was also characterized in an effort to

complement the mtDNA analysis described above. A total of 676 individuals

(Gujars=129, Jadoon=114, Syeds=122, Tanoli=134, Yousafzai=177) were

screened for phylogenetically informative biallelic markers in a hierarchical

fashion according to published information and previously published

methods (Y Chromosome Consortium, 2002; Karafet et al., 2008). A total of 26

SNPs were first tested to define sample membership in respective Y-

chromosome haplogroups using custom TaqMan assays read on an ABI

Prism® 7900 HT Real Time PCR system (Applied Biosystems) (Table 7).
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Table 7: List of the Y-SNPs markers used in the study.

In addition to the SNPs, sequence variation at 17 short tandem repeats (STRs)

were also characterized using the Y-filer TM kit (Applied Biosystems). The

loci included DYS19, DYS385a/b, DYS389I, DYS389II, DYS390, DYS391,

DYS392, DYS393, DYS437, DYS438, DYS439, DYS439, DYS448, DYS456,

DYS458, DYS635 and GATA H4. A separate multiplex reaction was also used

to characterize fragment length polymorphisms (M17, M60, M91, M139, M175,

M186) (Table 8) and two Y-STRs loci (DYS388 and DYS426). The same thermal

cycle protocol was used for both multiplexes (Table 9). Allelic data for all loci

were read on ABI 3730XI Genetic Analyzer and the results were edited by

manual inspection using Gene Mapper ID v3.2 software (Applied Biosystems).
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Table 8: List of Y-Indels used in the study

Table 9: PCR Cycle Conditions for both Multiplex I and II.

2.2.3.4. Statistical Analysis

2.2.3.4.1. Gene Diversity

The genetic structure was estimated at the intrapopulation level for both

mtDNA and Y STR data sets. Gene diversity estimates for the five ethnic

groups in this study were calculated using Arlequin version 3.5.2.1 (Excoffier

and Lischer, 2010). Such estimates are analogous to the expected

heterozygosity of diploid data and defined as the probability that any two

alleles (either haplogroup or haplotype) chosen randomly from a population
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will differ (Nei, 1978, 1987). The gene diversities were calculated for both

mtDNA and NRY data using haplotype and haplogroup designations.

Haplotype diversity was calculated in a similar fashion as haplogroup

diversity. However, in this case the gene diversity estimate is the probability

that any two haplotypes (DNA sequences for mtDNA or Y-STRs for NRY)

randomly chosen from a single population are different.

2.2.3.4.2. Nucleotide diversity

Nucleotide diversity, mean number of pairwise differences and mismatch

distributions for mtDNA were calculated using Arlequin version 3.5.2.1

(Excoffier and Lischer, 2010). Nucleotide diversity is the probability that any

two homologous nucleotides randomly selected from a population are

different (Nei, 1987; Tajima, 1983). Similarly, the mean number of pairwise

differences takes into account the DNA sequence and is defined as the mean

number of differences between all pairs of haplotypes in a population (Tajima,

1983). Mean pairwise distributions were calculated from the observed number

of differences between pairs of haplotypes, which is called mismatch

distribution (Excoffier et al., 2005). Using a single stepwise expansion model,

the shape and raggedness of the mismatch distribution curve can provide

insight into a population’s demography (Rogers and Harpending, 1992). This

approach was expanded to include rate heterogeneity, making it more

suitable to mtDNA sequence analysis (Schneider and Excoffier, 1999).
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2.2.3.4.2. Neutrality Test

Tajima’s D and Fujima’s F were used to analyze whether the observed

patterns of mtDNA sequence variation are the consequence of natural

selection and/or mutations/drift. In the Tajima test of neutrality, the D

statistic is calculated using the difference between θ estimates derived from

the number of segregating sites and the mean number of pairwise differences

(Excoffier et al., 2005; Tajima, 1989a, 1989b, 1996). Tajima’s D provides

additional insights into other evolutionary aspects of a population. For

instance, a negative D denotes a proportional increase in population size or

negative selection through the elimination of deleterious alleles. On the other

hand, a positive D value indicates a proportional decrease in population

capacity through a variety of factors such as drift, over dominance, or

inbreeding (Tajima, 1983).

Fujima’s F test of neutrality considers the probability of observing an equal or

fewer set of alleles in the population in question for a random neutral

population compared to the θ estimate obtained from the average number of

pairwise differences (Excoffier et al., 2005; Fu, 1997). A negative F value is

evidence for an excessive number of alleles, as would be expected from a

recent demographic expansion or genetic drift. A positive F value is evidence

for a scarcity of alleles in the gene pool, as would be expected from drift or

over dominance. Both of these neutrality tests are required together as

independent methods to examine variation of different populations (Fu, 1997).
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2.2.3.4.3. Theta Estimators

For both mtDNA and Y-chromosome markers, the population parameter θ

equals to 2Nµ, where N is effective population size and µ is the neutral

mutation rate. This estimator was estimated for mtDNA HVS1 sequences. The

three different estimates for mtDNA, number of segregating sites (θS),

expected number of alleles (θk), and the mean number of pairwise differences

(θπ) (Excoffier et al., 2005; Tajima, 1983; Zouros, 1979; Watterson, 1975; Ewens,

1972). This analysis provides information on the relative strength of mutation

against genetic drift in a population (Templeton, 2006). For Y-STR haplotypes,

a single θ estimate based on expected heterozygosity (θH) using a pure

stepwise mutation model was calculated (Excoffier et al., 2005; Ohta and

Kimura, 1973). The other three estimates where not used for Y-STRs data

because they are based on sequence data, or because they were not

appropriate due to violations of fundamental assumptions associated with the

statistics.

To evaluate variation between samples, haplogroup frequency data were first

used to define the overall genetic similarities between populations. Each

population was represented as allele frequencies, where each allele

corresponds to a particular haplogroup. Haplogroup level comparisons are

useful for obtaining a relatively general view of genetic differences among

populations.
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2.2.3.4.4. Genetic Distance Metrics

Two primary statistics were used to evaluate the genetic distance between

samples at the haplotype level:

2.2.3.4.4.1. Pairwise FST Calculation

Population pairwise FST distances of the haplotype and haplogroup data were

calculated using Arlequin 3.5 software (Excoffier et al., 2005). For HVS1

sequences, FST values were calculated using the Tamura- Nei model, which is

specifically designed for human mtDNA. The FST matrix was used to measure

the genetic distance between populations. Its values can range from 0 to 1.

Values from 0 to 0.05 represent little differentiation, values from 0.05 to 0.15

indicate moderate genetic differentiation, and values from 0.15 to 0.25 reflect

high differentiation and values greater than 0.25 indicate great differentiation

between populations.

2.2.3.4.4.2. Pairwise RSTCalculation

Population pairwise RST distances (Goldstein et al., 1995) were estimated for

Y-STR haplotype data using Arlequin 3.5.1 Software (Excoffier et al., 2005). In

order to establish approximate relationships among populations, all of the

resulting matrices obtained from population genetic distances were visualized

using two dimensional scaling with SPSS v21 Software.
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2.2.3.4.5. Analysis of Molecular Variance (AMOVA)

Analysis of molecular variance (AMOVA) was conducted using Arlequin

3.5.2.1 to examine the genetic structure of the five samples (Excoffier et al.,

2010). AMOVA is an important statistical tool because it estimates population

subdivision using theories of molecular data rather than non-parametric

analogs. In addition, AMOVA estimates the percentage of genetic variation

found within and among samples (Excoffier et al., 1992).

2.2.3.4.6. Phylogenetic Analysis

The phylogenetic relationship among mtDNA and Y-STR haplotypes were

analyzed using Network v 4.5.0.0 (Fluxus Technology Ltd). Networks allow

direct comparison between haplotypes, and provide information about the

sharing of haplotypes among samples, including differences between ethnic

or linguistic groups. For mtDNA, median joining networks were constructed

using haplotypes from all dominant haplogroups. To resolve reticulations in

these networks some mutations were down-weighted to two; some mutations

were down-weghted to one, while the remaining polymorphisms was set a

default of ten (Cite papers that rationalize this weighting procedure).

Furthermore, mutatations like T16182, T16183, and T16519C were not

considered in the phylogenetic tree due to their different mutational basis

(insertion or deletions) or hypervariable nature. Times of coalescence were

estimated by applying a mutation rate of 20,180 years per HVS-I variant as

described by Soares et al. (2009).
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Reduced median joining (MJ) networks of STR haplotypes were generated for

dominant haplogroups (Bandelt et al., 1999). These networks used for direct

comparison of haplotypes and its sharing among different populations,

including differences between ethnic and linguistic groups and their

geographic distributions.
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Chapter- 3

RESULTS

3.1. Dental Morphological Analysis

Nine maxillary and eight mandibular tooth-trait combinations were recorded

in accordance with the ASUDAS. The majority of the dental nonmetric traits

were scorable in most participants.

3.1.1. Dichotomized Individual Trait Frequencies

The frequencies of dental trait and the corresponding sample size for the

living groups of South Asia (including the five ethnic groups of Buner and

Swabi Districts that are the focus of the current study) and 10 other living and

prehistoric South Asian population samples are provided in Appendix 3.

When trait expressions were first dichotomized into categories of presence

and absence only, it was clear that marked differences in trait expression

occurred between the various teeth that express the individual traits. The

dichotomized trait frequencies for the 17 tooth-trait combinations for all five

ethnic groups of Buner and Swabi Districts are presented in Table 10. A

number of traits of the maxilla and mandible was found to frequencies

highest across all five ethnic groups such as the Shoveling (UI2), Median

Lingual ridge (UI1), Hypocone (UM1), Carabelli’s cusp (UM1), Metaconule

(cusp 5) (UM2), Y Occlusal Groove Pattern (LM1) and Major Cusp number

(LM1).
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Table 10: Frequency of dental traits among members of the five ethnic groups from Buner and Swabi Districts, Khyber
Pakhtunkhwa Province Pakistan (%).

.
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3.1.1.1. Shoveling

Pronounced shoveling occurred more frequently in the maxillary lateral

incisor (UI2) than central incisor (UI1) in all samples, except Jadoons and

Syeds from Swabi (JADsb, SYDsb) where the opposite was the case. Shoveling

on the upper central incisor occurs with greatest prevalence among the Gujars

and Yousafzai from Swabi occurring among 38.7% and 38.6% of UI1s, followed

by Gujars and Syeds from Buner (GUJb, SYDb) at 26.5% and 21.7%,

respectively. Lowest prevalence of shoving on the upper central incisor

occurred Tanolis from Swabi (TANsb) at 16% and Jadoons from Swabi (JADsb)

at 15.6% of individuals scorable for the trait.”

Shoveling trait frequencies at the upper incisor second (UI2) ranged from

14.5% among Jadoon from Swabi (JADsb) to 41.5% among the Yousafzai from

Buner (YSFb) (Fig. 24).

Figure 24. Frequency of shoveling on UI1 and UI2 among the five sampled
ethnic groups of Buner and Swabi Districts.
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3.1.1.2. Median Lingual Ridge (MLR)

The frequency of MLR in the upper incisor 1 (UI1) was highest among the

Jadoon from Swabi (JADsb) (71.7%), followed by Yousafzai from Swabi area

(YSFsb) (64.3%), Gujars (GUJsb) (58.9%), Syeds (SYDb) (58.3%), Tanoli (TANsb)

(57.4%), Gujars (GUJb) (53.5%), Yousafzai (YSFb) (52.6%) and Syed from

Swabi(SYDsb) (48.8%) respectively. For the upper second incisor (UI2),

prevalence of MLR was again highest among Jadoons from Swabi (JADsb)

(53.6%), followed by Syeds from both (SYDsb and SYDb)(41.5% and 38.3%),

respectively, Tanoli from Swabi (TANsb) (35.2%), Yousafzai from Swabi

(YSFsb) (32.9%), Yousafzai Buner (YSFb) (30.9%), Gujars from Swabi

(GUJsb)(29.3%) and Gujars from Buner(GUJb) (22.8%) (Figure 25).

Figure 25. Frequency of tuberculum dentale (median lingual ridge [MLR]) on
UI1 and UI2 among the five sampled ethnic groups of Buner and Swabi
Districts.
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3.1.1.3. Hypocone

A fully developed hypocones was observed at frequencies greater than 90% on

the upper first molar (UM1) among members of all fives sampled ethnic

groups of Buner and Swabi Districts (Fig. 26). In fact, it was found to be

present among 99.1% of the sampled Jadoons from Buner and Swabi, as well

as Gujars from Buner. Its frequency was found to 100% among the Yousafzai

Buner (YSFb) indicating its high expression in this population. Presence of a

fully developed hypocone on UM2 occurred in less than 50% of individuals of

all five sampled ethnic groups of Buner and Swabi Districts. The highest

frequency of fully developed hypocones were observed among Jadoons from

Swabi (40.8%), followed by Yousafzai from Swabi (38.8%). Fully developed

hypocones were less common among Yousafzai from Buner (34.8%), Gujars

from Swabi and Syeds from Buner had equivalent frequencies of 31.4%, Syeds

from Swabi (29.3%), Gujars from Buner (26.9%), while fully developed

hypocones were least commonly observed among Tanolis from Swabi (26.3%).
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Figure 26. Frequencies distribution of hypocone trait at upper molar first (UM1)
and (UM2).

3.1.1.4. Carabelli’s Trait

Carabelli’s trait on UM1 represented the second most commonly observed trait

observed among males of the five sampled ethnic groups of Buner and Swabi

Districts (Fig. 27). Highest frequencies occurred among Yousafzai from Swabi

(81.4%), followed by Syeds from Swabi (SYDsb) (80.5%), Gujars from Buner

(GUJb) (70.9%), Yousafzai from Buner (YSFb) (67%), Syeds from Buner (SYDb)

(65.6%), Gujars from Swabi (GUJsb) (63.4%) and Jadoon from Swabi (JADsb)

(62.8%). Carabelli’s trait occurred with the lowest frequency among Tanolis

from Swabi, where it was present among just over half (56.4%) of the first

maxillary molars scored for this traits.
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Figure 27. Frequency of Carabelli’s trait on UM1 and UM2 among the five
sampled ethnic groups of Buner and Swabi Districts.

3.1.1.5. Metaconule

The metaconule, or Cusp 5, on the second maxillary molar occurs among

13.8% of Jadoons from Swabi, followed by Yousafzai from Swabi (YSFsb)

(12.7%), Tanoli from Swabi (TANsb) (11.8%), and Yousafzais from Buner

(10.6%). Low frequencies were observed among members of the other samples.

Prevalence of the metaconule on UM1 ranges from a low of 1.7% among Syeds

from Buner to 9.8% among Syeds from Swabi (Fig. 28).
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Figure 28. Frequency of the metacone (Cusp 5) on UM1 and UM2 among the
five sampled ethnic groups of Buner and Swabi Districts

3.1.1.6. Y-Occlusal Groove Pattern

The frequencies of Y-occlusal groove patterns were somewhat similar for

members of all five ethnic groups (Fig. 29). The presence of the Y-groove was

higher for LM1 than for LM2 among males in all five samples. Its frequency on

LM1 ranges from 81.8% among Syeds from Swabi (SYDsb) to 90.7% among the

Yousafzai from Buner (YSFb). For LM2, frequencies of the Y-occlusal groove

ranges from a high of 29.9% among Jadoons from Swabi to a low of 15.2%

among Syeds from Swabi.
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Figure 29. Frequency of the Y-occlusal groove pattern on LM1 and LM2
among the five sampled ethnic groups of Buner and Swabi Districts

3.1.1.6. Major Cusp Number

The frequencies of lower molars possessing five or more major cusps were

greater among LM1s than LM2 among males of all five of the ethnic groups

from Buner and Swabi Districts (Fig. 30).” The frequency of LM1s with five or

more major cusps was greatest among Yousafzais from Buner (92.1%), and

least common among Syeds from Buner (78.7%). For LM2, highest frequencies

were observed among Jadoons from Swabi (28.3%), while lowest frequencies

occurred among Syeds from Buner (9.4%).
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Figure 30. Frequency of major cusp number (>4) on LM1 and LM2 among the
five sampled ethnic groups of Buner and Swabi Districts

3.1.1.7. Entoconuild

The entoconulid occurs with very low frequencies among the mandibular

molars of males of all five sampled ethnic groups of Buner and Swabi Districts

(Fig. 31). Overall, the entoconulid was found to occur more often among lower

second molars than first molars. The entoconulid was present on LM1s at

highest frequencies (4.5%) among Tanolis and Yousafzais from Swabi, while

lowest frequencies on LM1 were observed among Gujars from Swabi and

Yousafzais from Buner. For LM2, entoconulids were observed with highest

frequency among Syeds from Swabi (6.1%), followed by Jadoons from Swabi at
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3.8%. By contrast, entoconulids were completely absent from the LM2s of

Syeds from Buner and Yousafzais from both Buner and Swabi Districts.

Figure 31. Frequency of the metaconulid (Cusp 7) on LM1 and LM2 among the
five sampled ethnic groups of Buner and Swabi Districts

3.1.1.8. Metaconulid

Overall, the metaconulid was found to occur on the mandibular molars of

males from the five sampled ethnic groups of Buner and Swabi Districts more

often than the entoconulid (Fig. 32). Unlike the entoconulid, which was found

to occur more often on LM2, the metaconulid occurred more often on LM1.

Frequencies of the metaconulid range from a high of 18.9% among Syeds from

Swabi, to a low of 4.4% among Gujars from Swabi. For LM2, the metaconulid



105

only occurred rarely, being present in 2.8% of Jadoons from Swabi and 0.9% of

Gujars from Buner. It was completely absent from the LM2s of males from the

three other sampled ethnic groups.

Figure 32. Frequency of the metaconulid (Cusp 7) on LM1 and LM2 among the
five sampled ethnic groups of Buner and Swabi Districts.

Dental morphology trait frequencies among males of the five sampled ethnic

groups of Buner and Swabi Districts were compared to data obtained from

living and prehistoric samples from peninsular India, Pakistan and southern

Central Asia with hierarchical cluster analysis, neighbor-joining cluster

analysis and multidimensional scaling.
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3.1.2. Living Northern Pakistanis

Smith’s mean measure of divergence was employed as a biodistance statistic to

produce triangular matrices of pairwise differences between samples. These

matrices are presented in Tables 11 and 12. These values were used as the basis

for further analyses. Low MMD values indicate phenetic similarity between

groups, while high values indicate phenetic divergence. In the present study,

dichotomized frequencies for individual dental morphological traits comprise

the pairwise comparisons.

3.1.2.1. Hierarchical Cluster Analysis with Ward’s Linkage

Hierarchical cluster analysis with Ward’s linkage draws a fundamental

distinction among living samples between the six samples of ethnic groups

from peninsular India versus the samples from northern Pakistan (Fig. 33).

With regard to peninsular Indians, there is a clean separation between Indo-

Aryan-speaking ethnic groups of Maharashtra (MHR, MRT, and MDA) and

the Dravidian-speaking ethnic groups from Andhra Pradesh (CHU, GPD,

PNT). Pakistani samples were divided into three aggregates with the samples

of Karlars from Abbottabad (KARa), Gujars from Mansehra (GUJm2) and

Syeds from Mansehra (SYDm2) who were considered possessing close

affinities to one another, but represented distinct outliers to the remaining

Pakistani samples. The remaining samples were almost completely segregated

by region between samples from Buner and Swabi versus those collected in the

Hindu Kush/Karakoram highlands, or in Mansehra District.
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Beginning with the aggregate dominated by ethnic groups of Buner and Swabi,

the only intrusive element into this aggregate is a sample of Awans from

Mansehra District (AWAm1). Intriguingly, among the members of this

aggregate, the Jadoons from Swabi stand apart as a bit of an outlier. The

second aggregate, ethnic groups of the Hindu Kush/Karakoram highlands, is

less cohesive than the first aggregate, for there are a number of intrusive

elements. These include Tanolis, both from Swabi and from Mansehra District,

one of the samples of Awans from Mansehra District (AWAm2), as well as the

Swatis from Mansehr District.
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Figure 33. Hierarchical cluster analysis of MMD values among living
population samples from northern Pakistan, peninsular India and the five
sampled ethnic groups of Buner and Swabi Districts of Khyber Pakhtunkhwa,
Pakistan
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Table 11: Mean measure of divergence (MMD) matrix generated from the pairwise group contrasts between the five
sampled ethnic groups of Buner and Swabi Districts and samples of members of other living ethnic groups of South Asia
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3.1.2.2. Neighbor-joining Analysis

Neighbor-joining analysis identified three sample aggregates (Fig. 34). On the

right side are found the six ethnic groups from peninsular India. As was seen

in the hierarchical cluster analysis, there was also complete separation

between the Indo-Aryan-speaking samples from Maharashtra (MDA, MHR,

MRT) and the three Dravidian-speaking groups from Andhra Pradesh (CHU,

GPD, PNT). The second aggregate occupied the lower half and left-center of

the array. This aggregate, composed exclusively of members of ethnic groups

from the northern rim of the Indus Valley (Mansehra, Buner, Swabi), was

divided into two sub-aggregates. The first, found in the left-center, included

the Yousafzai from Buner and Swabi (YSFb, YSFsb), the Syeds from Buner

(SYDb), the Swatis from Mansehra (SWT), and at a distance, the Jadoons from

Swabi (JADsb). One could also include the Syeds from Swabi, albeit as an

outlier to these other samples. The second sub-aggregate included the two

Gujar samples from Buner (GUJb) and Swabi (GUJsb) proximately and

proximately and three samples (SYDm2, KARa, GUJm2) distally. The sample

from Madak Lasht stoods out as an outlier with only a peripheral association

with the sample of Syeds from Swabi (SYDsb). The last aggregate, which was

found in the upper center of the array, was a mixture of highland samples

(KHO, WAKg, WAKs) and lowland samples (AWAm1, TANsb, TANm2,

AWAm2). It was reassuring that the paired samples of Wakhis (WAKg,

WAKs), Tanolis (TANm2, TANsb), and Awans (AWAm1, AWAm2) were all
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found in this aggregate, as only for the Wakhis are the two ethnically-

identical samples most similar phenetically.

Figure 34. Neighbor-joining cluster analysis of MMD values among living
population samples from northern Pakistan, peninsular India and the five
sampled ethnic groups of Buner and Swabi Districts of Khyber Pakhtunkhwa,
Pakistan
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3.1.2.3. Multidimensional Scaling (MDS)—Kruskal’s Method

Multidimensional scaling into three dimensions with Kruskal’s method was

accomplished in five iterations, with a stress value of 0.1058 (a very good fit)

accounting for 92.45% of the variance between samples (Fig. 35). The six

peninsular Indian samples samples were clearly separated from the Pakistani

samples on the right side of the array and were completely segregated into

the Indo-Aryan-speaking samples from Maharashtra and the Dravidian-

speaking samples from Andhra Pradesh. Once again, three of the samples

collected from the Mansehra District (KARa, GUJm2 and SYDm2) were

strongly separated from all other samples on the left side of the plot and

exhibit no affinities to one another. The remaining samples were segregated

into those found in the lower foreground with relatively low scores for both

Dimensions 2 and 3 from those found in the upper foreground with low

scores for Dimension 2 coupled with relatively high scores for Dimension 3.

Included among the former were the two samples of Yousafzai (showing

closest affinities to one another), two samples of Gujars (also showing closest

affinities to one another). In addition, the sample of Syeds from Swabi (SYDsb)

Stood intermediate between this aggregate and the aggregate, found in the

upper-center is the sample of Kho from Chitral District with rather close

affinities to the sample of Awans from Mansehra District (AWAm1), with the

Tanoli sample collected from Mansehra District (TANm2) standing as

distantly associated with these samples. Among the samples found in the

upper-center were the two Wakhi samples (in this case the Wakhi sample
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from Sost is identified as possessing closer affinities to sample of Awans from

Mansehra District (AWAm2) than to the Wakhi sample from Gulmit (WAKg).

The Tanoli sample from Swabi was also a member of this aggregate. The

remaining samples, all found in the background, the Madak Lasht (MDK),

Syeds from Buner (SYDb), Swatis (SWT) and the Jadoon from Swabi (JADsb)

all appear to be isolates with no close affinities, either to one another, or to

any of the other samples included in this analysis. This seems to particularly

be the case for the inhabitants of MadakLasht (MDK) and the Jadoons of

Swabi (JADsb).

Figure35. Three –dimensional plot of multidimensionally scaled MMD values
among living population samples from northern Pakistan, peninsular India
and the five sampled ethnic groups of Buner and Swabi Districts of Khyber
Pakhtunkhwa, Pakistan with Kruskal’s method.
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3.1.2.4. Multidimensional Scaling (MDS)—Guttman’s Method

Multidimensional scaling into three dimensions with Guttman’s method was

accomplished in five iterations, with a stress value of 0.1160 (a very good fit)

accounting for 92.73% of the variance between samples (Fig. 36). Unlike the

results yielded by Kruskal’s method, which placed the six peninsular Indian

samples together on the right side of the array, Guttman’s method, while

separating the six peninsular Indian samples from the Pakistani samples,

placed the Indo-Aryan-speaking samples from Maharashtra in the center

foreground, while the Dravidian-speaking samples from Andhra Pradesh

were found on the left-center of the array. Once again, three of the samples

from Mansehra and Abbottabad District (SYDm2, GUJm2, KARa) stood apart

from each other and from all other samples in the upper right of the plot. The

Jadoons from Swabi (JADsb), and to a lesser extent the Swatis from Mansehra

District both found in the upper left of the plot, as well as the inhabitants of

Madak Lasht, found in the back-right, all appeared to represent outliers with

no close affinities to the other samples. An interesting aggregate of samples is

found in the upper-center of the array. This aggregate includes the two

Yousafzai samples (YSFb, YSFsb), two of the Gujar samples (GUJb, GUJsb),

and two of the Syed samples (SYDb, SYDsb). The remaining samples, found

in the center of the plot appeared, with the exception of the two Wakhi

samples, to be a random collection of samples from differing sampling

localities.



115

Figure 36. Three –dimensional plot of multidimensionally scaled MMD values
among living population samples from northern Pakistan, peninsular India
and the five sampled ethnic groups of Buner and Swabi Districts of Khyber
Pakhtunkhwa, Pakistan with Guttman’s method

3.1.2.5. Overall

Examination of biodistances among living samples yields certain

consistencies despite the data reduction technique employed. First, there

appears to be a strong separation between the six peninsular Indian samples

and samples of living northern Pakistanis, regardless of sampling location.

Also, there was a clear separation among these peninsular Indian samples by

region (Maharashtra, Andhra Pradesh) and by language. Among living

northern Pakistanis, the Jadoons of Swabi (JADsb) and the inhabitants of

MadakLasht (MDK) were almost always identified as outliers with little

affinities to the other samples included in this analysis. This was also true for
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the Swatis from Mansehra (SWT), albeit to a lesser extent. Multiple samplings

of the same ethnic groups, but from different geographic localities, tend to

confirm that ethnic identity has a biological signal. The two Yousafzai

samples (YSFb, YSFsb) and the two Wakhi samples (WAKg, WAKs) tend to

exhibit closest affinities to each other, and this was true to a lesser extent for

two of the Gujar samples (GUJb, GUJsb) and for two of the Syed samples

(SYDb, SYBsb). Surprisingly, there does not seem to be a consistent separation

of samples from the Hindu Kush/Karakoram highlands versus those

occupying the foothills and northern rim of the Indus Valley (Buner, Swabi,

and Mansehra Districts). One concern that keeps showing up is the unusual

phenetic positions occupied by Gujars and Syeds from Mansehra and

Karlaars from Abbottabad Districts and, to a lesser extent, the Tanolis and one

of the Awan samples also from Mansehra District. The first three show no

affinities to any of the other samples included in this analysis or to one

another. The remaining two, while they were not so separated from the other

samples as the first three, nevertheless stand apart from the Yousafzai, Gujars,

Syeds and Wakhis mentioned above. While members of these latter ethnic

groups tended to show relatively close affinities to other self-identifying

members of that ethnic group regardless of sampling locality, this was not

true for sample of Tanolis from Mansehra, which shows no affinities to the

Tanoli sample from Swabi or for the Awan (AWAm1) sample from mansehra

(which shows no affinity to the sample of Awans (AWAm2) collected from

Mansehra. All of these samples (AWAm2, GUJm2, KARa, Syedm2, TANm2)



117

were scored by another researcher. It is quite likely that the anomalous

phenetic positions occupied by these samples are the consequence of inter-

observer differences in how these traits were scored, despite the use of the

ASUDAS reference plaques in scoring these traits.

3.1.2.6. Conclusions

The patterns of affinities identified among the living samples make general

sense. There is also evidence of geographic patterning between northern

Pakistanis versus peninsular Indian samples. There is also a fairly consistent

pattern in which geographically separated members of the same ethnic group

tend to possess fairly close phenetic affinities to other members of that same

ethnic group. However, it is also clear that several ethnic groups do not

appear to share affinities with the other groups included in this analysis.

These include the Jadoon of Swabi as well as the inhabitants of Madak Lasht.

The Swatis from Mansehra also seems to stand apart as well.

1.1.3. Living and Prehistoric Inhabitants of the Indus Valley and South-

Central Asia

3.1.3.1. Hierarchical Cluster Analysis with Ward’s Method

Hierarchical cluster analysis drew a fundamental distinction between two

different aggregates, the first encompassing 30 samples and the second

composed of five samples (Fig. 37). With the sole exception of the late

prehistoric sample from Sarai Khola (SKH), the other members of the second

aggregate are all prehistoric samples from south-central Asia (MOL, DJR, SAP
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and KUZ). The 30 samples of the first aggregate are divided into four groups,

with the most distinctive of these being composed of the six samples of living

ethnic groups from peninsular India, each divided into regional sets that

reflect Indo-Aryan-speaking groups from Maharashtra on the one hand and

the Dravidian-speaking groups from Andhra Pradesh on the other. Each of

these aggregates was associated with prehistoric samples. In the case of the

former, these prehistoric samples included the geographically proximate

sample from Inamgaon, which is also located in Maharashtra, as well as the

earliest of the prehistoric samples from Neolithic levels at Mehrgarh (located

in Baluchistan).

While the association of Inamgaon with the living samples from Maharashtra

suggests long-standing population continuity in west-central India, the

association of the early sample from Mehrgarh with the peninsular Indian

samples (not found among later prehistoric samples from Pakistan) raises

significant questions about population replacement in Pakistan after the

Neolithic period. The remaining 21 samples fell into three aggregates. The

most peripheral of these includes the three samples collected from Mansehra

and Abbottabad District previously identified from the analysis of living

samples as anomalous (KARa, GUJm2 and SYDm2). This means that even

when post-Neolithic prehistoric samples from Pakistan are included in the

analysis, these living samples still stand apart as occupying unusual phenetic

positions.
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The two remaining aggregates encompass eight and 10 samples, respectively.

The first includes the two Wakhi samples (which show closest affinities to one

another), along with the two Tanoli samples (TANsb, TANm2), the Kho

sample from Chitral District (KHO) the sample of Awans collected from

Mansehra District (AWAm2), as well as two of the prehistoric samples (HAR,

TMG). Intriguingly, these two prehistoric samples were identified as having

closest affinities to one another, followed by the two Wakhi samples. The

second group featuring the Jadoons of Swabi (JADsb) as a distant outlier to all

others, followed by the inhabitants of Madak Lasht (MDK) and the Swati

sample from Mansehra District (SWT). The remaining samples all derive from

either the Buner or Swabi Districts, with one exception—the sample of Awans

collected in Mansehra District (AWAm1).
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Figure 37. Hierarchical cluster analysis of MMD values among living
population samples from northern Pakistan, the five sampled ethnic groups
of Buner and Swabi Districts of Khyber Pakhtunkhwa, and samples of
prehistoric inhabitants of the Indus Valley, peninsular India, and South-
Central Asia
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3.1.3.2. Neighbor-joining Cluster Analysis

Neighbor-joining cluster analysis identified four sample aggregates (Fig. 38).

In the lower left, the six peninsular Indian samples clustered neatly

segregated by region and language family. Once again, two prehistoric

samples are identified as the most divergent members of this aggregate, with

the sample from Inamgaon being identified as possessing closest affinities to

the samples of living inhabitants of Maharashtra. Standing in strong

opposition to the results obtained from hierarchical cluster analysis, neighbor-

joining cluster analysis identified no affinities between the Neolithic

inhabitants of Mehrgarh and any of the peninsular Indian samples.

Occupying the upper left side of the array are the four prehistoric samples

from South-Central Asia, followed by three of the post-Chalcolithic era

prehistoric samples from Pakistan. Intriguingly, these samples are arranged in

chronological order, such that the latest sample (SKH) evinces closest

affinities to the prehistoric samples from South-Central Asia, while the

earliest (HAR) shows the least affinities. Samples found in the third aggregate

that occupies the upper right side of the array, may be further divided into

two groups. The first includes a number of ethnic groups from Buner and

Swabi Districts, with the Yousafzai from Swabi being most distinctive and the

Gujars of Buner least distinctive. Also included in this group is the

Chalcolithic era sample from Mehrgarh at the most distinctive end and the

sample of living Kho from Chitral District at the least distinctive end living

Kho from Chitral District as the least distinctive end. While the two Yousafzai
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samples showed closest affinity to one another, this was not the case for the

two Gujar samples (GUJb, GUJsb). The other group was composed of the

three samples collected from Mansehra and Abbottabad District (GUJm2,

KARa and SYDm2) previously identified as divergent.

The fourth aggregate occupies the lower right of the plot. This aggregate was

also divided into two groups. The first appears to be composed of samples

with little affinities to the other samples included in this analysis (SYDb,

SWT), especially the Jadoons from Swabi (JADsb). The second group included

the two Wakhi samples (which show closest affinities to one another),

followed by the inhabitants of Madak Lasht (MDK), with the sample of

Awans from Mansehra District (AWAm1) as least distinctive. Three samples

occupied a central position, including the two Tanoli samples (TANm2,

TANsb) and the other sample of Awans from Mansehra District (AWAm2).
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Figure 38. Neighbor-joining cluster analysis of MMD values among living
population samples from northern Pakistan, the five sampled ethnic groups
of Buner and Swabi Districts of Khyber Pakhtunkhwa, and samples of
prehistoric inhabitants of the Indus Valley, peninsular India, and South-
Central Asia
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Table 12: Mean measure of divergence (MMD) matrix generated from the pairwise group contrasts between the five
sampled ethnic groups of Buner and Swabi Districts and all comparative samples both prehistoric and living.
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3.1.3.3. Multidimensional Scaling (MDS)—Kruskal’s Method

Multidimensional scaling into three dimensions with Kruskal’s method was

accomplished in eight iterations, with a stress value of 0.1404 (a good fit) accounting

for 86.87% of the variance between samples (Fig. 39). Dimension 1 provided clear

separation of the South-Central Asian samples located in the far left of the array

from all other samples, with the late prehistoric sample from Sarai Khola (SKH) also

occupying a position on the left side. Dimension 2 separated the three living samples

of Indo-Aryan-speaking ethnic groups of Maharasahtra, the prehistoric sample from

Maharashtra (INM) as well as the early prehistoric sample from Neolithic levels at

Mehrgarh (NeoMRG).

Unlike previous analyses, there was no clear-cut separation of the three samples of

Dravidian-speaking ethnic groups from Andhra Pradesh. Instead, these samples

were scattered across the center of the plot, and while the sample of tribal Chenchus

(CHU) was identified as possessing closest affinities to the low-status caste

Gompadhompti Madigas (GPD), no affinities between members of these two ethnic

groups and those of the middle-status Pakistani Reddis (PNT) were observed. The

remaining samples did not show any clear-cut pattern by sampling locality, with

ethnic groups of the Hindu Kush/Karakoram highlands from the northern rim of

the Indus Valley localities in Buner, Mansehra, and Swabi Districts. Nevertheless, in

many cases, geographically separated samples of the same ethnic group tended to

occupy proximate phenetic positions. This was clearly the case for the two Wakhis

samples and for two of the Tanoli samples ((TANm2, TANsb), but was not the case,
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but was not the case for the two Yousafzai samples, the two Awans samples, or the

three samples of Syeds. Overall, multidimensional scaling with Kruskal’s method

yields rather disappointing results.

Figure 39. Three –dimensional plot of multidimensionally scaled MMD values
among living population samples from northern Pakistan, the five sampled ethnic
groups of Buner and Swabi Districts of Khyber Pakhtunkhwa, and samples of
prehistoric inhabitants of the Indus Valley, peninsular India, and South-Central Asia
with Kruskal’s method.
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3.1.3.4.Multidimensional Scaling (MDS)—Guttman’s Method

Multidimensional scaling into three dimensions with Guttman’s method was

accomplished in eight iterations, with a stress value of 0.1495 (a good fit) accounting

for 87.95% of the variance between samples (Fig. 40). The pattern is similar, but not

identical to that described for MDS with Kruskal’s method described above. Once

again, Dimension 1 separated the four prehistoric samples from South-Central Asia

on the left side of the array from all other samples. Intriguingly, the Chalcolithic

sample from Mehrgarh (ChlMRG) also appeared on the left side of the array, but

was strongly separated from the South-Central Asian samples along Dimension 2.

The Chalcolithic period inhabitants of Mehrgarh were identified in the lower left of

the array as possessing closest affinities to the Chenchus and Gompadhompti

Madigas from Andhra Pradesh, echoing the results obtained with hierarchical

cluster analysis.

The three living Indo-Aryan-speaking ethnic groups from Maharashtra, as well as

the prehistoric sample from this same region of peninsular India (INM) and the early

prehistoric sample from Neolithic levels at Mehrgarh, were found on the right side

of the array. The three samples (SYDm2, KARa, and GUJm2) of Mansehra and

Abbottabad Districts occupied an isolated position away from all other samples. The

remaining samples fell into two loose aggregates. The first occurred in the center of

the array and included many of the samples from Buner and Swabi Districts. Within

this aggregate, affinities were close between the two Yousafzai samples, as well as

between two of the Syed samples (SYDb, SYDsb), although those of the latter were
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closer to the Gujars from Buner (GUJb) than this latter group showed to the Gujar

sample from Swabi. As observed in previous analyses, the Jadoon sample from

Swabi (JADsb) stands out as an outlier.

The second loose aggregate occupies the upper right of the array. This aggregate

featured close affinities between the two Wakhi samples (WAKg, WAKd), followed

by the Kho sample from Chitral District. Close affinities were also observed between

the two Tanoli samples (TANm2, TANsb), but not between the two samples of

Awans (AWAm1, AWAm2). Once again, the Swatis and the inhabitants of Madak

Lasht occupied isolated positions, while the post-Chalcolithic samples from Sarai

Khola (SKH), Timargarha (TMG), and Harappa (HAR) showed no affinities to the

prehistoric samples from South-Central Asia.
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Figure 40. Three –dimensional plot of multidimensionally scaled MMD values
among living population samples from northern Pakistan, the five sampled ethnic
groups of Buner and Swabi Districts of Khyber Pakhtunkhwa, and samples of
prehistoric inhabitants of the Indus Valley, peninsular India, and South-Central Asia
with Guttman’s method

3.1.3.5. Summary

An examination of biological affinities of northern Pakistani ethnic groups in the

context of living ethnic groups from peninsular India and prehistoric samples from

the Indus Valley and South-Central Asia yield several consistent patterns. First,

while one data reduction technique (neighbor-joining cluster analysis) suggested

that later prehistoric samples from Pakistan exhibit temporally successively more
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proximate affinities to prehistoric inhabitants of South-Central Asia, this pattern was

not confirmed by the other analyses. Instead, these prehistoric South-Central Asians

appear to be separated from all South Asian samples considered here, both living

and prehistoric. Second, peninsular Indian samples from Maharashtra tended to be

segregated from the living samples from northern Pakistan and were associated with

prehistoric samples that were either geographically proximate (Inamgaon) or the

most ancient (Neolithic Mehrgarh). Intriguingly, the Chalcolithic period sample

from Mehrgarh was identified by two of the analyses (hierarchical cluster analysis,

multidimensional scaling with Guttman’s method) as possessing distant affinities to

South Indians, but this pattern was not identified by the other two data reduction

techniques and hence may be an artifact of the statistical method employed.

Patterning of affinities among living Pakistani groups once again fails to yield

consistent evidence of separation by geographic location. Nevertheless, phenetic

proximities based upon ethnic group affiliation were often supported, especially for

the Wakhi and Yousafzai, but less so for the Syeds and Gujar, while being least

supported for the Awans. Overall, samples from Mansehra District did not stand

apart so distinctively as when consideration was limited to living samples.

Nevertheless, three of the samples remained stubbornly isolated in phenetic space

(SYDm2, KARa, GUJm2), but the sample of Tanolis from Mansehra District (TANm2)

and, to a lesser extent, the Awan sample from this same district (AWAm2) yielded

more logical phenetic positions.
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3.2. Mitochondrial DNA Analysis

The mouthwash samples collected from participants of the five sampled ethnic

groups proved very effective in yielding high-quality genomic DNA (Fig. 41).

Figure 41.Photograph of gel electrophoresis of the isolated DNA from buccal cells.

The samples were used to amplify the entire control region (including HVS-I and

HVS-2). Initially, all of the samples were used and the HVS-I region was successfully

amplified with primer pair 15838F and 16569R (Fig. 42A). Some of the samples that

failed to amplify with this primer pair was amplified with another primer

combination (15838F, 269R: Fig. 42B). In addition to the HVS-I region amplification

with the above primers, The HVS-II region was also successfully amplified, in this

case with primer pair 16454F and 725R. A typical photograph of amplified HVS-II is

provided in Figure 42C.
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Figure 42. Gel pictures of amplified product (A) 15838-16569 of HVS-I (550bp) (B)
Nucleotide position from 16226-429 (750bp) (C) Nucleotide position from 16454-725
of HVS-II (700bp).
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Figure 43. Chromatogram of Yousafzai sample YZS-89: arrow identifies the mutation
site, where in this case the nucleotide A at rCRS change into G (A16309G) and the
nucleotide A change into C (A16318C), which is characteristics to haplogroup U7.

3.2.1. Macro-haplogroup Determination using Custom TaqMan assays

As described in Chapter 2, four SNP markers were used initially for each sample of

the five ethnic groups to assign sample membership of each macrohaplogroup (L3,

M, N and R) using custom TaqMan assays. Samples positive for marker M were

negative for N and R, whereas samples positive for N were negative for M and R,

with samples positive for R also being positive for N and negative for M.

3.2.2. Haplogroup HV determination using RFLP

The HV lineage can be characterized by the absence of MseI site at nucleotide

position 14766 that is produced by a transition at the same region. In the MseI

recognition sequence, samples recognized as positive for macrohaplogroup R, were
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analyzed further for conformation of haplogroup HV at nucleotide position 14766

using MseI restriction endonuclease. The DNA samples positive for this haplogroup

(including downstream haplogroups) generated a 228bp fragment from

amplification while those which were negative produced a 211 bp fragment instead

(Fig. 44).

Figure 44. Agarose gel showing DNAs Band following incubation with endonuclease
MseI for Haplogroup HV characterization. Samples 1,2,4,5,9,10,11,14 and 18 have
211bp band, samples 3,6,7,8,12,13,15,16 and 17 have 228bp band; L= DNA ladder.

3.2.3. Haplogroup-based Diversity of mtDNA

The maternal genetic ancestry of 659 unrelated males of five ethnic groups of Buner

and Swabi Districts of Khyber Pakhtunkhwa Province, Pakistan was explored in the

present study. The sequence variation within the control region (HVS-I and HVS-II)

as well as parts of the coding region were analyzed in all samples. The samples of

the five ethnic groups were found to all belong to M*, N*, or R* macrohaplogroups

and no African lineages (L0-L7) were found in any of the samples included in the
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present study. The data yielded 54 known mtDNA haplogroups/subhaplogroups

attributable to either West Eurasian (HV, H, I, J1, J2, K, N3, T, T1, T2, U, U1, U3, U4,

U5, U6, U7, V, W, and X), East Eurasian (A, C, D, F, M7, M9, M10), or South Asian

lineages (M, M1, M2, M3, M4, M5, M6, M12, M18, M21, M27, M30, M31, M33, M34,

M35, M37, M52, M65, M76, R, R2, R5, R6, R30, U2). Frequencies of the haplogroups

identified among male members of the five sampled ethnic groups are provided in

Table 13.

A bare majority of identified haplogroups (50.53%) are of West Eurasian derivation,

indicating a greater affinity to West Eurasian populations relative to other regions of

the world. The Gujar sample exhibited a high frequency of West Eurasian lineages

(accounting for 62.3% of their mtDNAs), followed by Jadoons (50.51%), Yousafzais

(47.46%), Syeds (47.24%), and Tanolis (47.01%) (Fig. 45). Five West Eurasian

haplogroups were found at frequencies more than 3% lineages. The most prevalent

haplogroup was H with a frequency of 11.53%, followed by U7, J1, W and HV with

frequencies of 6.98%, 4.7%, 4.7%, and 3.64%, respectively. All other haplogroups

were somewhat infrequent and generally did not exceed a frequency of 3% (Fig. 45).

The second most common haplogroups originated in South Asia origin and

comprised approximately 39%. The highest frequency of South Asian lineages

occurred in the Tanolis (47.76%), followed by followed by Yousafzai (38.98%), Syeds

(38.58%), Jadoon (34.34%), Gujars (33.61%) and Syeds (26.77%). The dominant South

Asian lineages were U2 (8.35%), followed by M3 (5.61%), and R5 (4.1%), whereas all
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other haplogroups (M, M1, M2, M4, M5, M6, M12, M18, M21, M27, M30, M31, M33,

M34, M35, M37, M52, M76, R, R2, R6, R30) occurred at frequencies of less than 3%.

East Eurasian lineages accounted for 10.17% of the mtDNAs among members of the

five ethnic groups from Buner and Swabi Districts. The frequency of East Eurasian

lineages was highest among the Jadoons (15.15%), followed by Yousafzais (14.67%),

Syeds (13.39%), Tanoli (5.24%) and Gujars (4.1%). East Eurasian haplogroup D was

the most prevalent at a frequency 3.64%, whereas the other haplogroups (A, C, F, M7,

M9, M10 and Z) occurred at frequencies less than 3%.
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Figure 45.mtDNA frequencies of the regional lineages found in the studied
populations. EEUR-East Eurasian; SAS-South Asian; WEUR-West Eurasian
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3.2.3.1. Individual Haplogroup Distribution

The patterning of various haplogroup compositions in the five sampled ethnic

groups reveals that they have a generally similar mtDNA compositions. In fact,

haplogroups HV, H, I, J1, M2, M3, M5, M9 were present in all of them, suggesting

that these lineages represent the common maternal gene pool from which all five of

these ethnic groups are derived. Nevertheless, there were also some notable

differences between them. The distributions of the various haplogroups in the five

sampled ethnic groups are as follows.

3.2.3.1.1. Western Eurasian Haplogroups

In the present study, haplogroup HV was found to be present among the Gujars

(8.20%), Jadoon (3.03%), Syeds (3.15%), Tanoli (2.24%) and Yousafzai (2.26%). The

frequency distribution of haplogroup H among the five sampled ethnic groups of

Buner and Swabi Districts is fairly uniform with frequency no lower than 10%

(Gujars, 11.48%; Jadoon, 10.10%, Syeds 11.81%; Tanoli 10.45% and Yousafzai 12.99%).

Haplogroup I was also found among members of all five ethnic groups, albeit at

frequencies of less than 5% (Table 12). The frequency of J1 haplogroup was higher

among the Jadoon (8.08%) followed by Syeds (7.09%), Gujars (5.74%), Yousafzai

(3.39%) and Tanoli (0.75%), respectively. Haplogroup J2 was only found among

Gujars (1.64%). West Eurasian haplogroup K was also found among four of the five

sampled ethnic groups. It was found with highest frequency among Jadoons (6.06%),

followed by Syeds (3.15%), whereas equal frequency of (1.64%) of this haplogroup
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was found among Gujars and Yousafzais. Haplogroup N3, which is also fairly

common in Western Eurasia, occurs among 13.43% of Tanolis and 0.79% of Syeds.

Haplogroup T, another West Eurasian lineage, occurs only among the Jadoon and

Yousafzais with frequencies of 2.02% and 1.13%, respectively. Lower frequency (>5%)

of T1 haplogroup was also found in the studied populations except Gujars. High

frequencies occur among Tanolis (3.73%), followed by Yousafzais (3.39%), Jadoons

(1.01%) and Syeds (0.79%). Haplogroup T2 occurs with relatively high frequency

among Syeds (4.72%), for it occurs with frequencies of less than 4% aong members of

the other four ethnic groups (Gujars: 3.28%; Jadoons: 1.13%; Yousafzais: 1.13%;

Tanolis: 0.75%).

Haplogroup U occurred at frequencies less than 3% reported in Tanoli (0.75%)

Yousafzai (0.56%) only and was completely absent in the other three sampled ethnic

groups. Similarly, the haplogroup U1 was only reported in Yousafzai (1.69%)

followed by Syeds (0.79%) and was completely absent in the remaining three

samples. Furthermore frequency of U3 was reported to be high in Jadoon (4.04%)

and Syeds (0.795). Haplogroup U4 was observed among the Jadoon, Tanoli, Gujars,

Syeds and Yousafzai with frequency (4.04%, 2.99%, 1.64%, 0.79% and 0.56%)

respectively. U5 haplogroup was found to be present in Yousafzai (2.82%), Syeds

2.36% and Jadoon (1.01%) and was absent in Gujars and Tanoli populations.

Similarly the U6 was only present in Tanoli (2.99%), Jadoon (1.01%) and Yousafzai

(2.82%), whereas no frequency was reported in Gujars and Syeds populations.

Higher frequency of U7 haplogroup was found in Gujars (15.57%), followed by
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Yousafzai (7.34%), Jadoon (5.05%), Tanoli (3.73%) and Syeds (3.15%). The Gujars

exhibit a frequency of 11.48% for haplogroup W, which was followed by Yousafzai

5.08%, Syeds 2.36%, Tanoli 2.24% and Jadoon 2.02%. The frequency of haplogroup X

was only observed in Syeds 2.36% and Yousafzai 1.13%.

3.2.3.1.2. South Asian Lineages

Lineages of South Asian derivation were found to be the second most common

among the five sampled ethnic groups of Buner and Swabi Districts.

Macrohaplogroup M and its subhaplogroups (particularly M2, M3, M4, M5, M6) and

haplogroup U2 were the most frequent. Gujars exhibited high frequency of U2

(8.20%) followed by M3 (6.56%), R5 (5.74%) and M30 (4.10%), while the other

haplogroups occurred at less than 3%. Similarly the Jadoons U2 frequency was

5.05%, followed by M2 and M3 and the same frequency (3.03%) for hpalogroups M,

M5 and R2. The other haplogroups M1, M6, M18, M18, M31, M31, M 34 and R6 had

frequencies less than 3%. The Syeds had a high frequency of U2 haplogroup (16.54%)

followed by R30 (3.15%), while all other haplogroups had a frequency less than 3%.

The Tanoli had a high frequency of M3 (8.96%) followed by M30 (8.21%), M18

(5.97%), M5 and U2 (4.48%), M2 (3.73%), while the other haplogroups M, R5, M4, M6

and M12 had frequencies less than 3%. In Yousafzai, U2 occurred 7.34%, followed

by M3 (6.21%), R5 (5.08%), M2 (3.95%), whereas the other haplogroups had a

frequency less than 3% (Table 12).
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3.2.3.1.3. East Eurasian Haplogroups

Low frequencies of East Eurasian haplogroups were observed among members of

the five sampled ethnic groups of Buner and Swabi districts. Haplogroups A and M7

occurred at same frequency (0.82%) and haplogroup M9 with frequency 2.46% were

only found among the Gujars, whereas haplogroup D occurred at a highest

frequency of (9.09%) followed by C, F and M9 with frequencies of 2.02% respectively

for the sampled Jadoons. Similarly, in Syeds, haplogroup D and M9 were observed

at the same frequency of (3.94%), followed by haplogroup C (3.15%), haplogroup A

(1.57%), and haplogroups F and M10 were found to frequency (0.79%). Two

haplogroups of D and M9 with frequency (4.48% and 0.75% respectively), occurred

in Tanolis, while seven other East Eurasian haplogroups were present at a frequency

less than 3% in Yousafzai.

3.2.4. Haplotype based diversity of mtDNA

Although mtDNA haplogroups can be very useful for delineating the broad pattern

of relationships among populations, some of these haplogroups are ancient. It is

possible that the haplotypes from the two samples are distinctive and come from

branches that separated when the haplogroup arose and the actual relationships

between groups are obscured when the researcher relies solely upon haplogroup

information. Because of this, additional insights into the patterning of genetic

diversity in the five sampled ethnic groups of Buner and Swabi Districts were

obtained through HVS-I screening. The haplotype analysis provides a means of
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understanding the relationships between populations at a more refined level. In the

present study, the Polymorphisms observed in the mtDNAs of members of all five

ethnic groups are provided in Appendix 3. A total of 294 distinct haplotypes were

observed in the mtDNA data set (n= 659 individuals). The analyses revealed the

presence of 54, 65, 93, 58 and 131 haplotypes among the 122 Gujars, 99 Jadoons, 127

Syeds, 134 Tanolis and 177 Yousafzais, respectively.

Although members of all five ethnic groups had several haplogroups in common,

the frequencies of many of these haplogroups differed significantly in frequency.

Only three haplotypes among all the 294 haplotypes were present in all five sampled

ethnic groups. The first belongs to haplogroup H, the second to haplogroup R5

(16266-16304-16311-16356) and the third was U7 (16309-16318). Among the 54

haplogroups found among Gujars, 31 (57.41%) occur only once, whereas 23 (42.59%)

haplotypes were shared among two or more individuals. The most common

haplotype observed among Gujars belongs to haplogroup U7 (16309-16318), which

was carried by 13 individuals (10.66%), followed by followed by W6 (16192-16223-

16292-16311-16325) carried by nine individuals (7.38%).

Haplotypes HV (16040-16311) and R5 (16266-16304-16311-16356) occur with equal

frequency (5.74%) as do haplotypes H14 (16103-16180-16256-16352) and U2a (16051-

16154-16206-16230-16311) occurring in five individuals (4.10%). The proportion of

other shared haplotypes among the Gujars was H14 (16180-16256-16352) and U7

(16093-16309-16318), both of which were observed with the same number of 4 (3.28%)
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individuals, while the proportions of other shared haplotypes were found to be

present in two or three individuals.

Among the 65 observed haplotypes among the 99 Jadoon individuals sampled, 48

(73.85%) were unique and 17 (26.15%) were shared among two or more individuals.

The most frequent haplotype among Jadoons was haplotype H. Both haplotypes

occurring with frequency 5 (5.05%). Haplotype D4 (16223-362), J1b (16069-126-145-

261-287), U3 (16248-16343-16390) were each carried by four individuals (4.04%).

Among the 93 mtDNA HVS-I haplotypes observed among Syeds, 73 (78.49%) were

unique, while 20 (21.50%) were shared among two or more individuals. The most

common haplotype observed among Syeds is haplotype H, which was observed in

eight individuals (6.3%). The haplotypes U2b characterized by HVS-I motif (16051-

16209-16239-16352-16353) was observed in 4 (3.15%) individuals, whereas the

proportion of other shared haplotypes among the Syeds was less than in 4 (3.15%).

A total of 31 (53.45%) unique haplotypes and 27 shared haplotypes were observed

among the 58 Tanolis tested. The most common haplotype among the Tanoli was

from haplogroup N3a2 (16086-16172-16187-16189-16217-16223-16390) carried by 16

(11.94%) individuals, and was the most prevalent haplotype among the Tanoli,

followed by M3 (16126-16223-16311) carried by 9 (6.72%) individuals, M18 (223-309-

318) carried by 8 (5.97%) individuals, haplotype H found in 7 (5.22%) individuals,

M30 (223-280-368) was observed in 6 (4.48%) individuals, H14 (16180-16256-16352)

was observed in 4 (2.99%) individuals, haplotype M2c (16189-16223-16258-16263-

16274) in 4 (2.99%), haplotype belong to M30 (16166Ad-16223) in 4 (2.99%),
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haplotype U6 (16355) was also observed in 4 (2.99%) individuals. Other haplotypes

among the Tanoli were either shared by two or three individuals.

The Yousafzai were found to have the lowest proportion of shared haplotypes, for

107 of the 131 individual tested (81.68%) possessed unique haplotypes. The most

frequent haplotype belongs to haplogroup H and is found among nine individuals

(5.08%), followed by haplotype U7 (16309-16318) in 7 (3.95%) individuals, haplotype

M9a characterized by the HVS-I motif (16223-16234) in 5 (2.82%) individuals,

haplotype H (16311) in 4 (2.26%) individuals, whereas other haplotypes were shared

among two or three individuals.

Low rates of haplotype sharing were also found between groups. Gujars and

Jadoons shared haplotypes among 12 individuals (4.08%), 13 Gujars and Syeds

shared haplotypes (4.42%), 19 Gujar and Taoli individuals shared haplotypes (6.46%),

while 14 Gujars and Yousafzais shared haplotypes (4.76%). Similarly, Jadoons also

shared 14 haplotypes (4.76%) with Syeds, 13 (4.42%) with Tanolis and 20 (6.8%) with

Yousafzais. Syeds and Tanolis shared 16 (5.44%) haplotypes, while a greater number

of haplotypes are shared between Syeds and Yousafzais (27: 9.18%). Tanolis share 17

haplotypes (5.78%) with Yousafzais (Appendix 3).

3.2.5. Variation of mtDNA within Populations

3.2.5.1. Variable Sites of HVS-1 Sequences

A total of 405 polymorphic sites were identified among the 659 HVS-I sequences.

The greatest number of polymorphic sites were found among Yousafzais (99), while

Tanolis possessed the least number (67). Likewise, the frequency of transitions and
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transversions are highest among Yousafzais (107), followed by Syeds (92), Jadoons

(79), Gujars (72) and Tanolis (72). By contrast, insertions and deletions (indels) were

most common among Tanolis (10), followed by Yousafzais (9), Syeds (6), Jadoons (4),

and Gujars (3). The average number of pairwise differences ranged from 5.61± 2.71

among Yousafzais to 5.89± 2.83 among Syeds (Table 14).

Table 14: mtDNA HVS-I sequence data (16024-16400) of the five sampled ethnic
groups of Buner and Swabi Districts
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3.2.5.2. Gene Diversity

Summary statistics for each of the five sampled ethnic groups of Buner and Swabi

Districts are presented in Table 14. Gene diversity for all five samples in the study

was calculated using both haplotype and haplogroup as described by Nei (1987).

The former is designated as ‘Haplotype Diversity,’ while the latter was designated as

‘Haplogroup diversity’. Gene diversity is analogous to the expected heterozygosity

of diploid data and is defined as the probability that two randomly selected

haplotypes or sequences from a population are different. In the present study, the

five sampled ethnic groups were characterized by greater haplotype diversities; the

highest haplotype diversity was found among the Yousafzai (0.9936 ± 0.0019) and

the least value were observed among the Tanoli (0.9695 ± 0.0064) indicating that

there are fewer shared haplotypes found among members of the Yousafzai sample

than among members of the Tanoli sample. The second highest haplotype diversity

occurred among Syeds (0.9921 ± 0.0028), followed by Jadoons (0.9880 ± 0.0035) and

Gujars (0.9751 ± 0.0049) (Table 15). One possibility for the high levels of genetic

diversity observed among these ethnic groups is the numerous settlement events

into Pakistan that shaped the mitochondrial DNA landscape. Nevertheless, despite

the presence of several ethnic groups, some admixture appears to have occurred

between them, as haplotypes are shared among them. This may be due to male-

driven exogamy.
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3.2.5.3. Nucleotide Diversity

Nucleotide diversity is another statistic that is useful for providing additional

information about haplotypes, for this statistic focuses on the mutation sequences of

the DNA sequence, rather than the entire haplotype. Nucleotide diversity is similar

to gene diversity except that it measures the probability that any two randomly

selected nucleotide sites are different. Nucleotide diversity ranges from 0.038428 ±

0.020510 among the Yousafzai to 0.040373 ± 0.021486 among the Syeds. (Table 15).

The average number of pairwise differences is another statistic, which measures the

average number of nucleotide differences between two haplotypes within a single

sampled population, is very useful for determining the relative amounts of diversity

within each sample. The mean number of pairwise differences ranges from 5.610490

± 2.705745 among the Yousafzai to 5.894388 ± 2.833398 among the Syeds.

3.2.5.4. Neutrality Test statistics

Two neutrality tests, Tajima’s D and Fujita’s F, were used to quantify the probability

that a population has experienced such demographic events as genetic drift of

expansion in numbers. The results of these tests for the five sampled ethnic groups

of Buner and Swabi Districts are provided in Table 14. Samples that possess positive

D and F values may represent populations that have experienced balancing selection,

while those with negative values represent populations that have expanded in

numbers. Populations regarded as stable; that is, have experienced no evolutionary

pressures, l ought to be represented by samples whose D values are close to zero.
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Each of the five sampled ethnic groups have negative values for both D and F, but

these values do not differ significantly from zero. The D values for the five

population samples ranges from -2.107 for Yousafzais to -1.664 for Tanolis. Fujita’s F

test is held to be more sensitive to population growth and genetic drift than Tajima’s

D, in part because it uses differences between haplotype distributions, instead of the

more conservative use of pairwise differences (Zlojutro et al., 2006; Fu, 1997). F

values range from -25.268 for Jadoons to -25.055 for Yousafzais (Table 15). Such

results indicate that all five sampled ethnic groups have experienced expansion in

numbers.
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Table 15: Summary statistics of the five sampled ethnic groups of Buner and Swabi Districts based on the HVS-I region.

Ethnic groups Gujars Jadoon Syeds Tanoli Yousafzai

Sample Size 122 99 127 134 177

Haplogroups 23 31 39 25 44

Haplogroup Diversity 0.9264 ± 0.0089 0.9594 ± 0.0066 0.9448± 0.0102 0.9424± 0.0071 0.9566± 0.0059

Haplotypes 56 66 93 59 131

Haplotypes Diversity 0.9751 ± 0.0049 0.9880 ± 0.0035 0.9921 ± 0.0028 0.9695 ± 0.0064 0.9936 ± 0.0019

Nucleotide Diversity 0.039122 ± 0.020895 0.038809 ± 0.020785 0.040373 ± 0.021486 0.039474 ± 0.021048 0.038428 ± 0.020510

Pairwise differences 5.711828 ± 2.755266 5.666048 ± 2.739815 5.894388 ± 2.833398 5.763214 ± 2.775783 5.610490 ± 2.705745

Tajima's D -1.80478 -2.00265 -2.09413 -1.66366 -2.10699

Tajima's D p-value 0.00700 0.00500 0.00200 0.01500 0.00200

Fu’s FS -25.19397 -25.26837 -25.11704 -25.14728 -25.05526

Fu’s FS P-Value 0.00000 0.00000 0.00000 0.00000 0.00000
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3.2.6. Cross Comparison between Samples

FST values were calculated on both haplotype and haplogroup levels in an

effort to understand further the maternal genetic structure of the five sampled

ethnic groups of Buner and Swabi Districts. The patterns of affinities among

sampled were simplified with multidimensional scaling (MDS).

3.2.6.1. Haplogroup Level

Haplogroup frequency-based pairwise FST distances between the five ethnic

groups were calculated (Table 16) and the MDS plot generated (Fig. 46). Based

on the generated MDS plot, the three sampled ethnic groups (Jadoons,

Yousafzais and Syeds) all share closer affinities to one another, although

affinities are least between Yousafzais and Syeds. By contrast, Gujars and

Tanolis represent outliers with no close affinities to the other samples to one

another. Intriguingly, this is in agreement with the dental morphology results.

This pattern was expected as all five ethnic groups encompass different

frequencies of the found maternal lineages. For instance, Gujars were the only

ethnic group to have more haplotypes within W and U haplogroups. Gujars

are also characterized by more haplogroups of West Eurasian derivation, with

the highest frequencies of U7, H, and HV haplogroups. Jadoons have a

different profile, with dominant haplogroups H, followed by D, J1 and K.

Among the Syeds U2, H and J1 haplogroups made up the majority of mtDNA

with a greater frequency of haplogroup U2. Tanolis, who live not far from the

Jadoons, had the highest frequency of N3, which was found in 18 (13.43%)

individuals. Indeed, this haplogroup was only found among Tanolis; the only
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exception being a single Syed individual. Other haplogroups found at

relatively high frequencies among Tanolis include H, M3, M30 and M18.

Yousafzais, who are the dominant ethnic group in Buner and Swabi Districts,

have the highest frequency of haplogroups H, U2, U7, R5 and W. Thus, many

of the same haplogroups were found among members of all five ethnic

groups, albeit in different combination and at different frequencies

Table 16. Pairwise FST distances (below the diagonal) and p-values (above the
diagonal) between the five sampled ethnic groups of Buner and Swabi
Districts based on mtDNA haplogroups

(1) Gujars (2) Jadoons (3) Syeds (4) Tanoli (5) Yousafzai

1 ------ 0.00000+-0.0000 0.00000+-0.0000 0.00901+-0.0091 0.00000 ± 0.0000

2 0.01515 ------ 0.02703+-0.0139 0.00000+-0.0000 0.00000+-0.0000

3 0.01667 0.00679 ------ 0.09910+-0.0252 0.00000+-0.0000

4 0.02574 0.01697 0.02477 ------ 0.03604+-0.0201

5 0.00595 0.00316 0.00592 0.01413 ------
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Figure 46. Multidimensional scaling (MDS) plot of the genetic distances
estimates for the five sampled ethnic groups from Buner and Swabi Districts
(stress value= 0.3026)

3.2.6.2. Haplotype Level

Pairwise FST values were calculated using the mtDNA HVS-I sequences

among members of the five sampled ethnic groups of Buner and Swabi

Districts (Table 17). The results are plotted into a two-dimensional MDS plot

(Fig. 47). The stress value associated with the MDS plot is 0.5556, which

suggests a rather poor fit for the model. The plot indicates no significant

differences between Syeds and Jadoons. The Yousafzai sample shows

relatively small genetic distance for the Jadoons and Syeds, but they appear to

be significantly different from the Gujars and Tanolis. All three of these latter

samples (Yousafzais, Tanolis, and Gujars) occupy the upper-right hand

portion of the MDS plot. Furthermore, the Gujars and Tanolis are significantly
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different from each other, as well as from Jadoons, Syeds, and Yousafzais. The

Gujars are located in the lower right-hand portion of the MDS plot, whereas

Tanolis are located at the lower left-hand portion.

Table 17: Pairwise RST distances (below the diagonal) and p-values (above the
diagonal) between the five sampled ethnic groups of Buner and Swabi
Districts based on mtDNA haplotypes.

(1) Gujars (2) Jadoons (3) Syeds (4) Tanoli (5) Yousafzai

1 ------ 0.00000 ± 0.0000 0.00000 ± 0.0000 0.00000 ± 0.0000 0.00000 ± 0.0000

2 0.01542 ------ 0.08108 ± 0.0252 0.00000 ± 0.0000 0.02703 ± 0.0139

3 0.01741 0.00399 ------ 0.00000 ± 0.0000 0.05405 ± 0.0201

4 0.04354 0.03331 0.03426 ------ 0.00000 ± 0.0000

5 0.01189 0.00346 0.00326 0.02313 ------

Figure 47. Multidimensional scaling (MDS) plot of the genetic distances
estimates for the five sampled ethnic groups from Buner and Swabi Districts
(stress value= 0.5556).
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3.2.6.3. Theta Estimations

Theta estimators based upon the number of haplotypes observed (θk), the

number of segregating sites (θS) and the number of pairwise differences (θπ)

was used to determine effective female population size and the contributions

of their mitochondrial genome to daughters over past generations (Table 18).

The θK value calculated for the Yousafzais was approximately 5.7 times

greater than that observed among Gujars and Tanolis. It is 2.7 times greater

than that for the Jadoons and 1.5 times greater than that observed among

Syeds. The highest value of θSwas observed among the Yousafzai 17.22 ± 4.10,

followed by Syeds 16.98 ± 4.27, Jadoon, 14.71 ± 3.90, Gujars 13.20±3.42 and

Tanoli 12.25 ± 3.15. The calculated θπ values among all the five populations

relatively similar ranging from 5.61± 2.99 in the Yousafzai, to 5.89±3.14 among

the Syeds. These estimators among the five sampled ethnic groups from

Buner and Swabi Districts indicate that the Yousafzai have the largest

effective female population size in their mtDNA heredity; however, this result

may simply be a reflection of the greater overall population size relative to the

four other ethnic groups.
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Table 18: Theta estimators of female effective population size for the five
sampled ethnic groups of Buner and Swabi Districts based upon.

Ethnic groups θK (95% CI) θS± sd θπ± sd

Gujars 39.49 (27.31-56.91) 13.20±3.42 5.71±3.05

Jadoon 85.37(56.60-129.91) 14.71±3.90 5.67±3.03

Syeds 155.07 (105.82-230.00) 16.98±4.27 5.89±3.14

Tanoli 39.72 (27.85-56.43) 12.25±3.15 5.76±3.07

Yousafzai 226.44 (162.88-317.84) 17.22±4.10 5.61±2.99

3.2.6.4. Analysis of Molecular Variance (AMOVA)

Analysis of molecular variance (AMOVA) also sheds light on the pattern of

genetic variations present between the five sampled ethnic groups of Buner

and Swabi Districts at the maternal level. AMOVA uses the variance of gene

frequencies and the number of mutations between haplotypes (Excoffier and

Lischer, 2010). The AMOVA analysis based on the linguistic affiliations of the

five populations did not produce any significant variances between these

groups with most (~ 98%) of the observed variations occurring within them.

AMOVA results are presented in Table 19.
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Table 19: Analysis of molecular variance based on HVS-1 sequence data.

Source of Variation d.f. Sum of
Squares

Variance Percentage of
Variation

Among
populations

4 39.954 0.05458* 1.87

Within
Populations

654 1871.525 2.86166 98.13

Total 658 1911.480 2.91624

Fixation Index FST: 0.01872*

*P-value= 0.00000 ± 0.00000

3.2.7. Phylogenetic Analysis of Specific Haplogroups

Several mtDNA haplogroups stand out as being most important for

elucidating evolutionary relationship among the five sampled ethnic groups

of Buner and Swabi Districts. West Eurasian haplogroups HV, H, U and N

were certainly significant given the high frequencies in all five ethnic group

samples. Some M type and R type of South Asian haplogroups were also

found in all five ethnic groups. In this section phylogenetic analysis of some

of the important haplogroups were carried out to gain a better understand of

these haplogroups.

Network v 4.5.1.6 software was used for constructing six different Median-

joining networks for the dominant haplogroups based on the mtDNA HVS-I

haplotypes identified within these five ethnic group samples, with different

types of mutations. These networks, like the other analyses described

previously, are very useful for inferring the demographic processes of the

populations represented by the samples under study. For example, when

several branches of a taxon derive from a common taxa this phenomenon is
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reflected by a network that shows a star-like phylogeny. It is produced when

several branches of taxon derive from common taxa.

3.2.7.1. Haplogroup M

The network for haplogroup M is characterized by numerous high frequency

nodes (Figs 48A, 46B). Lineages belonging to haplogroup M include, M2, M3,

M4, M5, M6, M9, M18, M30, M31, M33, M34, M35 and M65. Haplogroup M30

in the network is characterized by three high frequency nodes. One of these

haplotypes formed a star-like structure representing the M30 haplotype

(designated C16223T) from which all the rest of the haplotypes arise. Another

showed a deletion at 16166Ad. This haplotype was shared among Tanolis (4

individuals), Gujars (3 individuals) and Syeds (1 individual). This haplotype

is shared across members of all five ethnic groups, except Syeds, and occurs

with highest frequency among Tanolis. The second most frequent haplotype

in the network is C16223T-C16234T, which belongs to haplogroup M9a. This

haplotype occurs with highest frequency among Yousafzais (5 individuals),

while the Gujar and Syed samples each encompass three individuals with this

haplotype. Besides these high frequency haplotypes, the network also has

some other haplogroups with low frequencies found in one or more ethnic

groups. Two of them were the M4 and M5 haplotypes. The largest node for

M4 haplotype (G16145A-C16176T-C16223T-C16261T-T16311C) was shared

among Gujars and Yousafzai, whereas the largest node for M5 representing

haplotype (G16129A-C16223T-A16265C) shared among Syeds, Tanoli and

Gujars. Coalescent times were estimated for all 13 M subclades identified in
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the median-joining network using a mutation rate of 20,180 years per HVS-I

variant (Table 20).

Table 20: Coalescence estimates for haplogroup M* sub-branches.

Haplogroup Time Estimate (in years) with SD
M2 58705.45 ± 14960.27
M3 31457.06 ± 19020.74
M4 62782.22 ± 26999.931
M5 37477.14 ± 18156.66
M6 20180 ± 9886.1406
M9 24216 ± 16425.33
M18 29597.33 ± 12548.43
M30 22812.17 ± 11372.29
M31 15695.56 ± 12074.64
M33 17297.14 ± 12230.93
M34 6726.67 ± 6726.67
M35 6726.67 ± 6726.67
M65 22014.55 ± 10697.15
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Figure 48 A. Median-joining network of haplogroup M shaded by ethnic
groups.

Figure 48 B. Median-joining network of haplogroup M and its subclades.
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3.2.7.2.Haplogroup C and D

Low frequencies of C and D haplogroups were also found among the five

ethnic groups (Figs. 49A, 49B). The network contains several branches that

emerge from the central node (C16223T). Highest frequency node for

haplotype D4 (C16223T-T16362C) found in four Jadoon, two Syeds and only

one Yousafzai whereas haplotype D4 (T16209C-C16223T-C16278T-T16362C)

was only found in three Tanoli samples. Haplotype D6 (C16223T-T16311C)

was found in two Syeds and one Jadoon. Haplotype C4a G16129A-C16223T-

T16298C-C16327T was found in three Syeds and two Yousafzai. Haplotype

C1b (T16093C-A16207G-C16223T-T16298C-C16327T) was found in two

Yousafzai while the other haplotypes were found only once. The time to most

recent common ancestor (TMRCA) for the various C and D subclades were

provided in table 21.
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Table 21: Coalescence estimates for haplogroup C and D sub-branches.

Haplogroups Time Estimate (in Years) with SD

C1a 24216 ± 6990.56

C1b 26906.67 ± 6726.67

C4a 42378 ± 21260.95

C5 16144 ± 4036

D4 34594.29 ± 15848.43

D6 12613 ± 8366.18

Figure 49 A. Median-joining network of haplogroup C and D subclades.
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Figure 49 B. Median-joining network of haplogroup C and D subclades.

3.2.7.3.Haplogroup N

The network for haplogroup N and its subclades are characterized by four

high frequency nodes (Figs. 50A, 50B) and four long branches. The first

highest frequency node was found for haplotype N3a2 (T16086C-T16172C-

C16187T-T16189C-T16217C-C16223T-G16390A). This sub-lineage occurs with

high frequency among Tanolis (17 individuals) and is limited to Tanolis with

one exception, a single Syed individual.

The second high frequency haplotype (C16192T-C16223T-C16292T-T16311C-

T16325C) belongs to W6 and was found among nine Gujars, two Yousafzai

and one Tanoli. The third high frequency node defined by haplotype

(C16223T-C16292T) belongs to haplogroup W, appeared in four ethnic groups.



163

The last high frequency node defined by haplotype I1a (G16129A-T16189C-

C16223T-T16311C-G16391A), appears among individuals of three ethnic

groups, but with highest frequency among Tanolis (3 individuals). Other

haplotypes of subhaplogroup N were also present in the network but mostly

at low frequency. Coalescence estimates for all N subclades are provided in

Table 22.

Table 22: Coalescence estimates for haplogroup N* sub-branches.

Haplogroups Time Estimate (in years) with SD

A4 24216 ± 11415.53
I1a 44396 ± 19726.46
I4 18345.45 ± 11007.27
I5c 7567.5 ± 2522.5
N3 87705.38 ± 35508.51
W 2522.5 ± 2522.5
W3 2522.5 ± 2522.5
W4 12418.46 ± 6585.88
W6 42041.67 ± 19302.57
X 18162 ± 6990.56
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Figure 50 A. Median-joining network of haplogroup N* and its subclades
based shaded by ethnic groups.

Figure 50 B. Median-joining network of haplogroup N* and its subclades.
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3.2.7.4. Haplogroup HV and H

The network of haplogroup HV and its consequent lineages (H, V) is

characterized by several high frequency nodes (Figs. 51A, 51B). The network

also has three long branches and several short branches. The first nodal

haplotype defined by the rCRS, was the most frequently occurring among

individuals of the five sampled ethnic groups of Buner and Swabi Districts.

The second highest frequency node (T16311C) belongs to haplogroup H and

was found among members of all of the ethnic groups, except Gujars. This

haplotype was found in one Jadoon three Syeds one Tanoli and four

Yousafzai. The third highest frequency node belongs to haplotype HV

(C16040T-T16311C) and was found among many of the Gujars and a single

Jadoon individual. The next haplotype (A16103G-A16180C-C16256T-

T16352C-T16506C) belongs to H14. The mutations C16256T and T16352C

place this haplotype into H14. This haplotype was seen only in Gujars.

Another haplotype in the network that occurs at high frequency (A16180C-

C16256T-T16352G) belongs to H14 was found in Tanoli and Gujars. A similar

haplotype with one extra mutation at T16506C was also seen in Gujars.

Haplotype (16217) belongs to HV and was found in two Jadoons, one Syed,

and two Yousafzai individuals, whereas a single haplotype of haplogroup V

(T16263C-T16298C) was also found in the network.

This haplotype was only found in one Yousafzai. The remaining haplotypes

in the networks occurs with low frequencies. Coalescence estimates for the

entire HV haplogroup was 56504 ± 23269.21 years before present (Table 23).
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Table 23: Coalescence estimates for haplogroup HV* sub-branches.

Haplogroup Time Estimate (in years) with SD

HV* 36997 ± 13477

H 56871 ± 15091

V 40360 ± 28539

Figure 51 A. Median-joining network of haplogroup HV* and its subclades H
and V shaded by ethnic groups.
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Figure 51 B. Median-joining network of haplogroup HV* and its subclades H
and V.

3.2.7.5. Haplogroup U

The network for haplogroup U is composed of many sub-branches (U, U1, U2,

U3, U4, U5, and U7) the lone exception being a U6 haplotype found among

the Gujars (Figs. 52A, 52B). The network provides sufficient resolution to

distinguish all of the sub-branches of haplogroup U. Several high frequency

nodes were observed, but the largest node occurs for haplotype U7 (A16309G-

A16318T). The U7 defined by the A16318T mutation not only represents the

highest frequency type within haplogroup U, but it was also found among

individuals of all five ethnic groups. Highest frequency of U7 was found

among Gujars (n= 19), Jadoons (n= 5), Syeds (n= 4), Tanolis (n= 5) and

Yousafzais (n= 13), thereby forming a larger cluster than the other U sub-

branches. Haplotype U (C16355T) was found in four Tanoli and one
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Yousafzai sample, whereas the haplotype (G16129A-A16183C-T16189C-

T16311C) belongs to U1 in two Yousafzai. Unlike the U7 the U2 haplotypes

spread throughout the network. The highest frequency haplotype was U2a

(A16051G-T16154C-A16206C-A16230G-T16311C) found among Gujars and

only one Yousafzai. U2b haplotype (A16051G-T16209C-C16239T-T16352C-

C16353T) was common among Syeds but also found in one Yousafzai. Two

other U2e haplotypes were (A16051G-T16092C-G16129C-T16362C and

A16051G-T16092C-G16129C-C16168T-T16362C). The first was shared among

Syeds, Tanoli and Yousafzai with equal frequency, whereas the latter was

shared among Tanolis (n= 2) and Jadoons (n= 1), respectively. The next

haplotype (C16248T-A16343G-G16390A) belongs to U3 haplogroup found

only in four Jadoon while was absent among the other groups. Like the U7

cluster the U4 also make a well-defined cluster. The high frequency node for

U4 haplotype (C16242A-T16288C-T16356C-T16362C) shared among Gujars,

Jadoon and Tanoli, while the other five haplotypes were singletons. U5 was

represented by six different haplotypes found in Jadoon, Syeds and Yousafzai.

One of these haplotypes was U5a1 (C16256T-C16270T-A16309G-A16399G)

found only in two Yousafzai and the other haplotype U5b (C16259T-C16292T-

A16497G) found in one Syeds and one Yousafzai. The final haplotype

(T16172C-T16362C) belong to U6 was only found in one Yousafzai. The

TMRCA for all the U subbranches were presented in Table 24.
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Table 24: Coalescence estimates for haplogroup U* sub-branches.

Haplogroups Time Estimate (in Years) with (SD)

U 16816.67 ± 5825.64

U1 71751.11 ± 23301.56

U2 94773.93 ± 23096.62

U3 38342 ± 18384.86

U4 64101.2 ± 27069.11

U5 62221.7 ± 20527.36

U6 10090 ± 3363.33

U7 82698.43 ± 33169.27
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Figure 52 A. Median-joining network of haplogroup U* and its subclades
shaded by ethnic groups.

Figure 52 B. Median-joining network of haplogroup U* and its subclades.
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3.2.7.6. Haplogroup R

The distribution of 12 clades (1b, J1c, J1d, J2b, K, R2, R5, R6, R8, R30, R0a, and

T) within haplogroup R for the five sampled ethnic groups of Buner and

Swabi Districts are presented in Figures 53A and 53B. Haplogroup R is

distributed widely and, as a result, many haplogroups are found in the

network. The largest cluster occurs for haplogroup T, which is most equally

represented across all five ethnic groups. Many high frequency nodes for T

haplogroups were found of which haplotype T1a (T16126C-A16163G-

C16186T-T16189C-C16294T) was shared among Tanolis and Yousafzais.

Haplotype T1 (T16126C-C16294T-T16325C) was shared found among two

Tanolis and one Syed individual. Haplotype T2e (T16126C-G16153A-

C16294T-C16296T) was shared between three Gujars and one Yousafzai. Two

other haplotypes (T16126C-C16292T-C16294T-T16324C and T16126C-

C16294T-C16296T-T16304C) belong to T2. The first was only found among

Syeds, while the latter was found in one Tanoli and one Syed individual. One

haplotype T2 (T16126C-C16292T-C16294T-C16296T-T16325C) was found in

two Jadoon individuals. The remaining haplotypes for T within the R

haplogroup tree were singletons.

The second largest cluster within the R haplogroup network was R5. One

high frequency node of R5 is characterized by C16266T-T16304C-T16311C-

T16356C-A16524G-G16526A. The frequencies of this haplotype was highest

among Gujars (7 samples), but also found in three Jadoon, one Syeds, one

Tanoli and one Yousafzai. Two very different haplotypes of R5 were found

among Yousafzais: C16266T-T16304C-T16311C-A16524G and C16266T-
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T16304C-T16311C-T163556C-A16524G. The first haplotypes has two

mutations that are different from the high frequency haplotype found among

Gujars and only one haplotype different from the second one.

The third largest cluster in the network within haplogroup R was J1b. Several

high frequency nodes were found for J1b. Among these the first node

characterized by haplotype (C16069T-T16126C-G16145A-T16172C-C16222T-

C16261T) was found in one Gujar, one Jadoon, two Syeds and one Yousafzai.

The second node is characterized by haplotype (C16069T-T16126C-G16145A-

C16192T-C16261T) which was shared between Syeds and Yousafzai with

equal frequency.

Haplotype (C16069T-T16126C-G16145A-C16261T-C16287T) was only found in

four Jadoons, whereas haplotype C16069T-T16126C-G16145A-C16261T was

found in three Gujars. The final haplotype of J1b (C16069T-T16126C-

G16145A-A16207G-C16222T-C16261T) was only found among two Jadoon

individuals.

Among the five remaining unique haplotypes, three occur among members of

the Yousafzai sample, and one occurs in a single member of the Gujar and

Tanoli samples. Haplotype J1c (G16145A-G16213A) occurs only in one Tanoli

and Haplotype J2b (C16069T-T16126C-C16193T-G16274A-C16278T) was

found in two Gujars whereas J1d has four different haplotypes found in the

network. Haplotype J1d (C16069T-T16126C-C16193T-G16274A) was found in

three Syeds while haplotype J1d lacking the mutation G16274A was found in

two Syeds.Two other unique haplotypes for J1d were also found in the
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network. One was found among Gujars while the other was found among

Jadoons.

The K haplogroup also make a separate cluster in the network. A single

largest node characterized by K1a haplotype (T16224C-T16311C) was

apparently found among members of the Jadoon sample, but was also found

in two Gujars, one Syeds and one Yousafzai. There are only two haplotypes

found for R2 haplogroup. One haplotype (C16071T) was found in one Jadoon

and one Syed, whereas the other, which has an extra C16527T mutation along

with C16071, was found in only two Jadoon individuals. The R6 haplogroup

has one shared haplotype (G16129A-G16213A-T16362C) between one Jadoon

and one Yousafzai and two unique haplotypes found in the network. R8 has

only one haplotype (C16221T-T16311C-T16325C-T16362C) found in Yousafzai.

R30 has four different haplotypes found in the network. One haplotype

(T16126C-C16173T-A16181G-T16209C-C16260T-T16362C) was found in two

Syeds, haplotype (T16126C-A16181G-T16209C-T16362C) was also found in

two Syeds whereas the other two haplotypes were found only once. The final

R0a haplotype (T16093C-T16126C-T16362C) was found in one Syed

individual. Coalescence times for the various haplogroups with the R network

are provided in Table 25.
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Table 25: Coalescence estimates for haplogroup R* sub-branches.

Haplogroups Time Estimate (in Years) with (SD)

J1b 45863.64± 24112.24

J1c 40360 ± 28538.83

J1d 37477± 22515.83

J2b 8072 ± 8072

K 15855.71 ± 4993.26

R2 30270 ± 22562

R5 64277.03 ± 23012.38

R6 65585±16732.37

R8 60540±34952.79

R30 20180± 12180

R0a 20180±20180

T 57176.67±15903.98
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Figure 53 A. Median-joining network of haplogroup R* and its subclades
shaded by ethnic groups

Figure 53 B. Median-joining network of haplogroup R* and its subclades.
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3.3. Y-chromosome Analysis

The paternal genetic history of the five populations of Buner and Swabi

Districts was explored by characterizing 32 high-resolution biallelic and 19

short tandem repeat (STR) markers present on the non-recombining region of

the Y-chromosome (NRY) among 678 male volunteers. Genotyping revealed

the presence of 11 distinct haplogroups (Table 26, Fig. 54). NRY nomenclature

follows the conventions of the YCC and used the current version of the NRY

phylogeny (Karafet et al., 2008; Y-Chromosome Consortium, 2002). The

samples were categorized using ethnic identification that was self-reported at

the time of sample collection and verified through genealogies of the past two

to three generations for each participant. Patrilineally related individuals

were removed from the analysis.
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Figure 54. Frequency of the detected NRY haplogroups in the five ethnic
groups.
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3.3.1. Haplogroup based diversity

The majority of Y-chromosomes fell into one of three haplogroups: R1a1a-

M17 (50%), R1b1a (17.4%), and O3 (13.86%) (Table 26, Fig. 54). Highest

frequencies of R1a1a-M17 occur among Syeds (89.15%), followed by

Yousafzai (72.32%), Gujars (61.29%), Tanoli (10.45%) and Jadoon (5.26%). The

R1a1a-M17 haplogroup is known to be one of the most common haplogroups

in Eurasia, with highest frequencies found in Eastern Europe, Central Asia,

and South Asia (Pijpe et al., 2013). R1a1a-M17 clade also frequently found in

South-West Pakistan and north India (Jobling and Tyler-Smith, 2003).

Haplogroup R1b1a-M297 has highest frequency among the Tanoli 82.09% but

low frequencies were also observed among the Jadoon, Yousafzai and Syeds

(3.51%, 1.69% and 0.78% respectively). Haplogroup R1b1a was completely

absence from the sample of Gujar males considered in the present study.

Suclade R1b, defined by the mutation M269, is the most frequent Y-

chromosome haplogroup throughout Western Europe (Alonso et al., 2005;

Underhill, 2003).

The Jadoon Y-chromosomes were largely composed of O3 haplogroup

(76.32%) along with low frequencies of other haplogroups. Haplogroup O-

M175 is predominant in East Asia comprising about 75% of the Chinese and

more than half of the Japanese populations (Yan et al., 2011; Shi et al., 2005).

Haplogroup O, in particular O3-M122, is the most common haplogroup in

China, being found in 50-60% of Han Chinese (Yan et al., 2011; Shi et al., 2005).

Haplogroups O3-M122 was also found among Yousafzai, Gujars and Tanolis,

albeit at much lower frequencies (2.82%, 0.81%, and 0.75%, respectively). Low
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frequencies of haplogroup G2a-P15 and I2-P215 were found only among the

Yousafzai (1.69% and 2.26% respectively), and was completely absent in the

four other population samples. Haplogroup H, which is common in South

Asia, was observed among members of all five ethnic groups. Frequencies

range from a low of 0.78% among Syeds to a high of 5.08% among Yousafzais.

Gujars and Yousafzais both had haplogroup J2a-M410 with frequencies of

4.84% and 4.52%, respectively. Haplogroup J2a-M410 was also present among

Jadoons where is occurred among only 1.75% of the individuals tested. Low

frequencies of J2b-M12 were also found among Gujars and Yousafzais with

frequencies of 1.61% and 1.69%, respectively. Haplogroup J2-M172 frequently

found in Southwest Asia, Caucasus in South Asia it is widespread at

frequencies below 10% mainly in caste populations (Pijpe et al.,2013).

The second most common haplogroup found among the Gujars other than

R1a1a was L accounting for 20.97% of the Y-chromosomes followed by Syeds

(6.98%), Yousafzais (5.08%), and Jadoons (3.51%). Haplogroup L was

completely absent among the Tanoli males included in the current study.

Haplogroup L-M20 is mainly associated with South Asian populations.

Members of all five sampled ethnic groups were found to possess

haplogroups Q and R2, but at different frequencies. Haplogroup Q derived

for the C to T M242 mutation probably arose in Central Asia spread thought

the world (Seielstad et al., 2003). In this study, haplogroup Q1a-MEH2 occurs

with highest frequency among Jadoons (6.14%), followed by Tanolis (2.99%),

Yousafzais (2.26%), Gujars (1.61%), and Syeds (0.78%). The South Asian-

specific haplogroup R2-M124 occurs at highest frequencies among Gujars
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(4.03%), followed by Tanolis (2.24%), Syeds (1.55%), Jadoons (0.88%) and

Yousafzais (0.56%).

The haplogroup profiles observed among members of the five sampled ethnic

groups suggest that the genetic diversity in these ethnic groups was

structured, seemingly along the ethnic boundaries.

3.3.2. Haplotype based diversity

As mentioned earlier, haplotype analysis provides a broader understanding

of the relationships between different populations. In this study a total of 317

distinct haplotypes representing 678 Y-chromosomes were observed among

all the five ethnic populations (data not shown). The analysis revealed the

presence of 53, 57, 43, 50, 114 haplotypes among 124 Gujars, 114 Jadoon, 129

Syeds, 134 Tanoli and 177 Yousafzai, respectively. Members of the five

sampled ethnic groups share many paternally inherited haplogroups;

however, the frequencies at which these haplotypes occur differ. Only 19

(5.99%) haplotypes were found to share between these five populations, while

the majority 298 (94%) of them found were restricted to a single populations.

Among the 53 haplotypes found in Gujars 31 (58.49%) were unique

haplotypes and the remaining 22 (41.51%) haplotypes were shared among

two or more individuals. The most frequent haplotype found in Gujars was

H1 (Data not mentiond here) for 19 YSTR loci: DYS456- 389I- 390II- 389II- 458-

19- 385a-385b- 393- 391- 439- 635- 392- GATA_H4- 437- 438- 448- 426- 388)

belongs to haplogroup R1a. This haplotype was observed in 26 (20.97%)

Gujars followed by the second most prevalent haplogroup found in Gujars
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H2-L carried by 10 (8.06%) individuals. Haplotype H3-R1a was found in 5

(4.03%) individuals. Two other haplotypes H4 and H5, belongs to

haplogroups R1a was found with the same proportions of 4 (3.23%) in Gujars,

whereas haplotype H6 and H7 both from haplogroup L were also carried

with the same proportions of 4 (3.23%) for each haplotype. Another haplotype

from haplogroup J2a (H8) was also found in 4 (3.23%) individuals, while the

proportions of other shared haplotypes in Gujars was found to be in two or

three individuals.

Among all the 57 haplotypes identified in Jadoon, 50 (87.72%) were found

only once and 7 (12.28%) were shared among two or more individuals.

Highest frequency was observed for haplotype H9-O3 present in 27 (23.68%)

individuals, followed by haplotype H10 of the same haplogroup O3 but two

repeats different from the first haplotype at locus DYS458 (16) and DYS439 (13)

was observed in 14 (12.28%) individuals. Haplotype H11-O3 was observed in

7(6.14%) individuals, whereas haplotype H12 of the same haplogroup but

different at locus DYS458 and DYS385b was also found in 7 (6.14%)

individuals. Another two haplotypes H13 and H14 from haplogroup O3 was

also found in 4 (3.51%) and 3 (2.63%) individuals respectively. Only a single

haplotype H15 from haplogroup L was shared between 2 (1.75%) individuals.

In Syeds 29 (67.44%) haplotypes were found to represent as unique

haplotypes, while the remaining 14 (32.56%) were shared among two or more

individuals in a total of 43 haplotypes. The most frequent haplotype observed

among Syeds for 19 Y-STR loci was H16-R1a observed in 44 (34.11%)

individuals. The Second highest frequency haplotype H17 of the same
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haplogroup, was also observed in 20 (15.50%) individuals. The third highest

frequency haplotype H18 from R1a was found in 6 (4.65%) individuals. This

haplotype was similar to the second haplotype but one repeat different at

DYS19. Another Haplotype H19 from haplogroup L, was also found in 6

(4.65%) individuals. The proportions of other shared haplotypes among Syeds

were less than 4.65%.

Among the total 50 observed haplotypes in Tanoli 31 (62%) were found as

unique haplotypes whereas the remaining 19 (38%) haplotypes were shared

among two or more individuals. The most frequent haplotype was H20

belongs to haplogroup R1b was found in 23 (17.16%) individuals followed by

the second highest frequency haplotype H21 of the same haplogroup but was

one repeat different from the first one at locus DYS385b. This haplotype was

observed in 19 (14.18%) individuals. Two other haplotypes H22 and H23 from

haplogroup R1b was observed in 14(10.45%) and 10 (7.46%) individuals

respectively. The next haplotype H24 was observed in 4(3%) individuals,

while the proportion of the remaining shared haplotypes was found in less

than 3% individuals.

Like the mitochondrial DNA the proportions of shared haplotypes among

Yousafzai from the Y-STR data set was lowest than the other four populations,

indicating greater diversity at the paternal level. Among the total observed

114 haplotypes in Yousafzai 101 (89%) were found only once, whereas the

remaining 13 (11%) were shared among two or more individuals. The most

frequent haplotype observed in Yousafzai was H25-R1a found in 41 (23.16%)

individuals, followed by haplotype H26 found in 6 (3.39%), while Haplotype
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H27 were found in 5 (2.82%) individuals. The frequency of other shared

haplotype among Yousafzai was less than 2.82%.Furthermore, Gujars shared

two haplotypes with Jadoon. The first haplotype belongs to haplogroup R1a

and was shared between twenty six Gujars and only one Jadoon. The second

haplotype belongs to R2 haplogroup and was shared between three Gujars

and one Jadoon. Gujars also shared two haplotypes with Syeds both from

haplogroup R1a. One of these haplotypes was found in forty-four Gujars and

two Syeds. Syeds, Gujars and Tanoli shared a single haplotype from

haplogroup Q. Gujars and Yousafzai shared four haplotypes. The first

haplotype belongs to J2b haplogroup was found in one Gujars and one

Yousafzai. The second most frequent haplotype belongs to R1a haplogroup

was found in four Gujars and forty one Yousafzai. This haplotype was also

found in six Syeds. The third haplotype also belongs to haplogroup R1a

found in one Gujars and one Yousafzai. The last haplotype also belongs to

haplogroup R1a, was found in five Gujars and one Yousafzai. Jadoon and

Syeds shared two haplotypes. The first haplotype from R1a haplogroup found

in one Jadoon and three Syeds, which has also observed in five Yousafzai. The

second haplotype from R1b haplogroup found in one Jadoon, one Syeds and

was also found in fourteen Tanoli. Jadoon and Tanoli shared four haplotypes.

Of these haplotypes, three belongs to haplogroup R1b and a single haplotype

belong to R1a haplogroup. Jadoon and Yousafzai shared two haplotypes. The

first haplotype belongs to haplogroup Q and the second belongs to

haplogroup R1a. Syeds and Tanoli shared two haplotypes, one haplotype

from R1b haplogroup and the other haplotype belongs R1a. The later
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haplotype found among twenty Syeds and one Tanoli, while it was found in

four Yousafzai. Syeds and Yousafzai shared six haplotypes, all belongs to

haplogroup R1a.

3.3.3.Within population variation

Molecular diversity estimates were calculated in an effort to quantify the

degree of genetic variation within each of the five sampled ethnic groups

(Table 27). Genetic diversity estimates indicate that Gujars have the greatest

diversity at the haplogroup level (0.578 ± 0.043), followed by Yousafzai (0.470

± 0.046), Jadoon (0.411 ± 0.058), Tanoli (0.316 ± 0.050) and Syeds (0.202 ± 0.046).

However, at the level of the haplotype highest diversity was observed among

members of the Yousafzai sample (0.9445 ± 0.046), followed by Gujars (0.9434

± 0.014), Tanoli (0.9338 ± 0.012), Jadoon (0.9233 ± 0.0176) and Syeds (0.8567 ±

0.026). The mean umber of pairwise differences ranges from 6.126 ± 2.933 for

Tanolis to 10.264 ± 4.717 among Gujars.
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Table 27. Summary statistics for NRY variation among the five sampled ethnic groups of Buner and Swabi Districts.

Ethnic Groups Gujars Jadoon Syeds Tanoli Yousafzai

No. of samples 124 114 129 134 177

Haplogroups 8 8 6 6 11

Haplogroups Diversity 0.578 ± 0.043 0.411 ± 0.058 0.202 ± 0.046 0.316 ± 0.050 0.470 ± 0.046

No. of Haplotypes 53 57 43 50 114

Haplotype Diversity 0.9434 ± 0.01 0.9233 ± 0.02 0.8567 ± 0.03 0.9338 ± 0.01 0.9445 ± 0.01

Mean number of pairwise
differences

10.264 ± 4.72 6.512 ± 3.10 6.368 ± 3.04 6.126 ± 2.93 8.098 ± 3.78
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3.3.3.1. Analysis of Molecular Variance (AMOVA)

Analysis of molecular variance was used to determine the amount of genetic

variance within and between these groups paternally. An AMOVA based on

ethnicity indicated that most of the variance (57.12%) occurs among samples

within ethnic groups; a notable amount (40.48%) was found sample samples

within ethnic groups; while only a small amount (2.4%) of variance occurs

among ethnic groups (Table 28).

Table 28: AMOVA results obtained among members of the five sampled

ethnic groups of Buner and Swabi Districts.

Source of Variation Percentage of

variation

P-value

Among groups 2.40 0.32356 ±0.01635

Among populations within

groups

40.48 0.00000 ±0.00000

Within populations 57.12 0.00000 ±0.00000

3.3.3.2. Population Comparisons

Genetic distance (RST values) were calculated from 19-loci STR haplotypes

suing the Arlequin 3.5 software and visualized with two-dimensional

multidimensionally scaled (MDS) plots (Table 29, Fig. 55). An inspection of

Figure 55 indicates that Y-chromosome variation among members of the five

sampled ethnic groups of Buner and Swabi Districts yields a completely



187

different picture from that obtained from mtDNA data. Gujars, Yousafzais

and Syeds occupy positions on the right side of the plot, while Jadoons and

Tanolis are positioned on the left. The Yousafzai occupy an intermediate

position between the Gujars and Syeds. Jadoons are found in the upper left-

hand corner of the plot and they appear to be completely different from

Gujars, Yousafzais, Syeds and Tanolis. The Tanoli occupy a position in the

lower left corner of the plot. These relationships were further confirmed by

the haplotype sharing between Gujars, Yousafzai and Syeds and mostly

belong to haplogroup R1a1a. The proportion of shared haplotypes was high

between Syeds and Yousafzai, mostly those from haplogroup R1a1a

compared to other ethnic groups. Gujars and Yousafzais also shared four

haplotypes from haplogroup R1a1a. Jadoons and Tanolis shared four

haplotypes belonging to haplogroup R1a1a and R1b1a respectively, whereas

Jadoons shared two haplotype with Syeds from haplogroups R1a1a and

R1b1a respectively. Jadoons also shared two haplotypes with Yousafzais from

haplogroup R1a1a and Q. Gujars and Jadoons shared two haplotype from

haplogroup R1a1a and R2 respectively. Gujars and Syeds also shared two

haplotypes both from R1a1a haplogroup. Tanolis and Gujars shared a single

haplotype from haplogroup Q. Tanolis shared two haplotypes each with

Yousafzais and Syeds from haplogroup R1a1a and R1b1a respectively.

Although the majority of Gujars, Syeds, and Yousafzais had the same

haplogroup (R1a), their haplotypes differed significantly.
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Table 29: Pairwise RST distances (below the diagonal) and p-values (above the
diagonal) between the five sampled ethnic groups of Buner and Swabi
Districts based on NRY haplogroups.

Figure 55. Multidimensionally scaled plot (MDS) of RST values based on
frequencies of NRY haplogroups among the five sampled ethnic groups of
Buner and Swabi Districts.

(1) Gujars (2) Jadoon (3)Syeds (4) Tanoli (5) Yousafzai

1 ------ 0.00000±0.0000 0.00000±0.0000 0.00000±0.0000 0.00000±0.0000

2 0.45305 ------ 0.00000±0.0000 0.00000±0.0000 0.00000±0.0000

3 0.13785 0.69290 ------ 0.00000±0.0000 0.00000±0.0000

4 0.34828 0.56693 0.56554 ------ 0.00000±0.0000

5 0.03820 0.54994 0.08074 0.45070 ------
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Conventional FST distances based on haplogroup frequencies were calculated

to further evaluate the genetic diversity and similarities among the five

population samples and visualized through a two-dimension MDS plot (Table

30, Fig. 56). The sample pattern of relationships between members of the five

ethnic groups is obtained as described for the RST values based upon Y-STR

haplotypes.

Table 30: Pairwise Fst distances (Lower diagonal) and P Values (Upper
diagonal) between five ethnic groups based on frequencies of NRY
haplogroup.

(1) Gujars (2) Jadoon (3) Syeds (4) Tanoli (5) Yousafzai

1 ----- 0.00000±0.0000 0.00000±0.0000 0.00000±0.0000 0.00000±0.0000

2 0.45151 ----- 0.00000±0.0000 0.00000±0.0000 0.00000±0.0000

3 0.14188 0.69345 ----- 0.00000± 0.0000 0.00000±0.0000

4 0.34372 0.56791 0.56318 ----- 0.00000±0.0000

5 0.0386 0.55175 0.08653 0.44732 -----
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Figure 56. Multidimensionally scaled plot (MDS) of FST values based on
frequencies of NRY haplogroups among the five sampled ethnic groups of
Buner and Swabi Districts.

3.3.4.Y-STR Network Analysis

Network v 4.5.1.6 was used to create five reduced median-median Joining

(RM-MJ) networks of the major haplogroups in the five ethnic groups Y-STR

haplotypes based on nineteen loci; DYS456, DYS389I, DYS390, DYS389II,

DYS458, DYS 19, DYS385a/b, DYS393, DYS391, DYS439,DYS635, DYS392,

Y_GATA_H4, DYS437, DYS438, DYS448, DYS426 and DYS 388. These

Networks consists of haplogroups R1a1a-M17, R1b1-M297, O2-M122, L-M20

and H-M60 (Figure 57 through 61). Nodes represent the relative frequencies

of the Y-STR haplotypes in their respective population samples were

presented in different colors.
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3.3.4.1.Haplogroup R1a1a

The RM-MJ network for Haplogroup R1a1a was constructed using all the 19

Y-STR profile haplotypes (Figure 57). R1a1a defined by M17 marker, occurs

at highest frequencies among Gujars, Syeds and Yousafzai and low

frequencies among the Tanoli and Jadoon. A total of 337 Y-chromosomes

comprised of 148 distinct haplotypes were presented in the RM-MJ network.

Haplotypes found in this network were largely resolved with very little

haplotype sharing among the five ethnic groups.

Four largest nodes, representing four different haplotypes for Gujars, Syeds

and Yousafzai were present, whereas the remaining samples representing

small nodes scattered around the larger nodes. The first largest node defined

by haplotype H1 was considerably more frequent among the Yousafzai (red

colored; comprise 41 samples) than Gujars (green colored; 4 samples) and

Syeds (dark blue colored; 6 samples). The second high frequency node

defined by haplotype H2 in the network with the exception of two Gujars

samples, the entire node represent Syeds samples. This haplotype was eight

repeats different from the first haplotype. The third largest node (green)

comprises of twenty six Gujars samples and only one Jadoon sample (light

blue colored). The haplotype of this node defined by H3, which was six

repeats different from the first cluster and nine repeats different from the

second cluster. The fourth high frequency node represented by haplotype H4

comprised twenty Syeds samples, 4 Yousafzai samples and only one Tanoli

sample (purple colored). This haplotype was only one repeat different from
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the first haplotype representing the high frequency for Yousafzai at locus

DYS19, six repeat different from the second haplotype, and five repeat

different from the third haplotype. Although haplogroup R1a1a was found to

be the most prevalent among Syeds, Yousafzai and Gujars. However most of

the low-frequency haplotypes (i.e., singletons) shown in the network were

from the Yousafzai data set which was likely due to its much larger samples

size relative to other four populations. Overall, the network exhibit large

amount of reticulations (mutations pathways are represented by the gray

connection lines), which was typical of Y-STR networks because of the high

mutation rate found for these loci.

Figure 57. Reduced median-median joining (RM-MJ) network of R1a1a-M17
based on 19 Y-STR markers.
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3.3.4.2. R1b1a Haplogroup

The second RM-MJ network was constructed for haplogroup R1b1a defined

by M-297 (Figure 58). R1b1a was the only notable R-derived haplogroup in

Tanoli. The R1b1a network was based on 118 samples and 38 distinct

haplotypes. With the exception of only three shared haplotype all nodes

represent the Tanoli samples. The most frequent haplotype for R1b1a was

defined by haplotype H1 consists of twenty three Tanoli samples. The second

most frequent haplotype H2 in the network was (16-13-24-28-18-14-11-14-12-

11-13-24-14-13-15-12-19-12-12).This haplotype was only one repeat different at

locus DYS385b from the first node with highest frequency in Tanoli with only

two samples of the Yousafzai. The third largest node near the second node,

comprised fourteen samples of Tanoli, one sample of Syeds and Jadoon. This

haplotype H3 was defined by haplotype which was one repeat different from

the first haplotype at STR locus DYS439 and two repeats different from the

second haplotype at locus DYS385b and DYS 439. With the exception of a

single haplotype in Yousafzai, all the low-frequency haplotypes (i.e. found in

one or more samples) shown in the network was from Tanoli data set. Overall

as the network was based on only 38 haplotypes as a consequence exhibits

less reticulations than the network for haplogroup R1a1a.
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Figure 58. Reduced median-median joining (RM-MJ) network of haplogroup
H based on 19 YSTR markers

3.3.4.3. O3 Haplogroup

RM-MJ network for haplogroup O3-M122 was shown in figure 59. Most of the

36 haplotypes in the network was observed in Jadoon (89%) consists of large

cluster, with the rest of the samples scattered around the network. Only four

haplotypes present in long branches with low frequency nodes, were from

other populations. The largest node defined by haplotype H1; 15-12-23-28-17-

14-13-18-12-10-13-20-14-12-15-11-20-11-10 consists of twenty seven samples,

whereas the second largest node of haplotype H2 ( 15-12-23-28-16-14-13-18-

12-10-12-20-14-12-15-11-20-11-10 consists of fourteen samples. The second

largest node exhibiting a star-cluster which was two repeat different from the
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first haplotype at STR locus DYS458 and DYS439. The haplotypes found in

Jadoon were highly diverse from other ethnic groups in the network.

Figure 59. Reduced median-median joining (RM-MJ) network of haplogroup
O3 based on 19 Y-STR.

3.3.4.4. Haplogroup L

The NRY haplogroup L which is defined by M20 marker. Moderate

frequencies of haplogroup L was found among Gujars, whereas a low

frequencies were found in Jadoon, Syeds and Yousafzai (Figure 60). The

network consisted of 47 samples representing 25 haplotypes. Of all the 25

haplotypes 10 haplotypes were from Gujars, 8 haplotypes were from

Yousafzai, 4 were from Syeds and 3 were from Jadoon. The haplotypes were

resolved completely in this network with no haplotype sharing among the

ethnic groups. The largest node found in the network was H1 haplotype 16-

12-22-28-16-14-13-16-11-10-11-23-14-12-15-11-19-11-12 consists of 10 Gujars
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samples and was not shared with any other population but was two STR

different from second largest haplotype H2 found in Syeds (6 samples

haplotype). The other high frequencies haplotypes H3 and H4 occurring

among 4 Gujars which were four repeats different from each other. Yousafzai

also has eight haplotypes in the network but all were singletons.

Figure 60. Reduced median-median joining (RM-MJ) network of haplogroup
L based on 19 YSTR.

3.3.4.5. Haplogroup H

Haplogroup H defined by marker H69 was the only one haplogroup that

seemed to have low presence across all the five populations (Figure 61). The

network contain nine unique haplotypes for Yousafzai, Jadoon has three

haplotypes (i.e. singletons), Syeds and Tanoli (1 and 2) haplotypes

respectively. The most abundant haplotype H1; 15-13-22-30-18-15-17-18-12-10-

11-20-11-12-14-9-19-11-12 had been observed in three Gujars.
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Figure 61. Reduced median-median joining (RM-MJ) network of haplogroup
H based on 19 YSTR.
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Chapter- 4

DISCUSSION

Scientists from such diverse disciplines as dental and molecular

anthropologists throughout the world focus on analyses of so-called

indigenous populations. Initially, during the 18th and 19th centuries,

researchers mostly employed physical traits in an effort to determine

phylogenetic affinities among the different populations, usually with over

racist overtones. During the 20th century researchers focused on the use of

blood groups and other classical markers to study the evolutionary history

and migrations of indigenous populations. Since 1980, molecular markers

found in mtDNA and on the Y-chromosome have been used extensively the

genetic affinities of populations. The present study explored patterns of

genetic variations found within and among five ethnic groups of Buner and

Swabi Districts, Khyber Pakhtunkhwa Province, Pakistan, based upon dental

morphological, mtDNA and Y-chromosome analyses.

4.1. Morphological Study of Dental Traits
A total of 9 maxillary and 8 mandibular tooth-trait combinations were scored

among the five ethnic groups (Gujars, Jadoon, Syeds, Tanoli and Yousafzai) of

the above mentioned districts. Trait expression ranges from complete fixation

(100%) to complete absence (0%). The most commonly expressed maxillary

traits among the five ethnic groups were the presence of a fully expressed

hypocone (Cusp 4) on the upper first molar, which were found in every
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individual where this trait could be assessed. The most commonly non-fixed

tooth-trait combination found in the maxillary teeth of the five populations

was a fully expressed hypocone on UM1 (~100%). This was followed by the

Carabelli’s trait on UM1 (82%), the median lingual ridge (72%), Shoveling

(40%) and metaconule (Cusp 5) (14%). Frequency of hypocone at UM1 in

Yousafzai from Buner (YSFb) area was 100%, followed by Gujars from (GUJb)

and Jadoon (JADsb), both of which were found at identical frequencies

(99.1%), Gujars and Tanoli from Swabi (GUJsb and TANsb) also possess the

almost similar frequencies (98.9%). Syeds from Buner (SYDb) had frequency

(98.3%) and Yousafzai from (YSFsb) had frequency (97.2%). Hypocone was

somewhat less common trait on UM2 and its frequency was not more than

45% in all the five ethnic groups. Highest frequency for this tooth was

observed among the Jadoon from Swabi (JADsb) (40.8%), followed by

Yousafzai from Swabi (YSFsb) (38.8%), Yousafzai from Buner (YSFb) (34.8%),

Gujars from Swabi (GUJsb) and Syeds from Swabi (SYDb) both has identical

frequency of 31.4%, Syeds from Swabi (SYDsb) had frequency (29.3%), Gujars

from Buner (GUJb) (26.9%) and Tanoli from Swabi (TANsb) (26.3%). The

expression of Carabelli’s trait on the UM1 in Yousafzai from Swabi (YSFsb)

was 81.4%, followed by Syeds from Swabi (SYDsb) (80.5%), Gujars from

Buner (GUJb) (70.9%), Yousafzai from Buner (YSFb) (67%), Syeds from Buner

(SYDb) (65.6%), Gujars from Swabi (GUJsb) had frequency (63.4%), Jadoon

from Swabi(JADsb) (62.8%) and Tanoli from Swabi (TANsb) (56.4%). High-

moderate frequencies of Shoveling was common at (UI1). Gujars from Swabi
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(GUJsb) and Yousafzai from Swabi(YSFsb) had identical frequencies of

Shoveling 38.7%, followed by Yousafzai from Buner (YSFb) (32.6%), Syeds

from Swabi (SYDsb) (31.7%), Gujars from Buner (GUJb) (26.5%) and Syeds

from Buner (SYDb) (21.7%), Tanoli from Swabi (TANsb) (16%) and Jadoon

from Swabi (JADsb) had frequency of 15.6%. Shoveling trait frequencies at the

upper incisor second (UI2) ranging from 14.5% among the Jadoon from Swabi

(JADsb) to 41.5% among Yousafzai from Buner (YSFb). Moderate to high

expression Median lingual ridge has been found among all the five

populations. The frequency of MLR in the upper incisor 1 (UI1) was highest

among the Jadoon from Swabi (JADsb) (71.7%), followed by Yousafzai from

Swabi (YSFsb) (64.3%), Gujars from Swabi (GUJsb) (58.9%), Syeds from Buner

(SYDb) (58.3%), Tanoli from Swabi (TANsb) had frequency (57.4%), Gujars

from Buner (GUJb) (53.5%), Yousafzai from Buner (YSFb) (52.6%) and Syed

from Swabi (SYDsb) (48.8%) respectively. For the upper incisor second (UI2)

the prevalence of MLR was also highest among the Jadoon from Swabi

(JADsb) (53.6%), followed by Syeds from Swabi and Buner (SYDsb and SYDb)

with frequencies 41.5% and 38.3% respectively, Tanoli from Swabi (TAN sb)

had frequency (35.2%), Yousafzai from Swabi (YSFsb) (32.9%), Yousafzai from

Buner (YSFb) (30.9%), Gujars from Swabi (GUJsb) (29.3%) and Gujars from

Buner (GUJb) had frequency (22.8%). The metaconule (cusp 5) on the upper

second molar (UM2) occurs in 13.8% of Jadoon from Swabi (JADsb) followed

by Yousafzai from Swabi (YSFsb) (12.7%), Tanoli from Swabi (11.8%), and

Yousafzai from Buner (YSFb) had frequency of 10.6%, whereas low
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frequencies was found among the other groups. At the upper molar first, the

cusp 5 frequencies ranging from 1.7% for Syeds from Buner (SYDb) to 9.8%

for Syeds from Swabi (SYDsb).

Like maxillary the mandibular tooth-trait combinations were scored in a total

of seven traits. The most common mandibular tooth-trait combination found

among the five ethnic groups was the major cusp number at UM1 ranging

from 78.7% among Syeds from Buner (SYDb) to 92.1% among Yousafzai from

Buner (YSFb). This was followed by the presence of Y-groove pattern with

highest frequencies at LM1, ranging from 81.8% among Syeds from Swabi

(SYDsb) to 90.7% among the Yousafzai from Buner (YSFb). At LM2 the

frequencies ranging from 0.152 among Syeds from Swabi (SYDsb) to 29.9

among the Jadoon from Swabi (JADsb). Somewhat less common was the

entoconuild (Cusp 6) found at identical frequencies of 4.5% for both Tanoli

from Swabi (TANsb) and Yousafzai from Swabi (YSFsb) and identical

frequencies of 2.2% was found for both Gujars from Swabi (GUJsb) and

Yousafzai from Buner (YSFb). At the LM2 the (Cusp 6) frequencies was 6.1%

among Syeds from Swabi (SYDsb) and 3.8% in Jadoon from Swabi (JADsb).

The last less common tooth-trait combination was the metaconuild (Cusp 7),

on LM1, which was found at frequencies ranging from 4.4% among Gujars

from Swabi (GUJsb) to 18.9% among Syeds from Swabi (SYDsb). At LM2

Cusp 7 frequencies among Jadoon from Swabi (JADsb) was (2.8%) and Gujars

from Buner (GUJb) had frequency (0.9%), while completely absent in other

populations.
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4.1.1. Dental Morphology of the five ethnic groups in Continental

Perspective

Dental morphological data provided by Scott and Turner (1997) were used to

place the dental morphological profile of the five ethnic groups of the present

study into world perspective. The comparative data of regional world

populations provide by Scott and Turner (1997), was available for only nine

tooth-trait combinations (three maxilla) and (six mandible), but here only six

regions were considered for comparative purpose. These include South

Asians, South Siberians, Western Europeans and Chinese-Mongolian from

Scott and Turner’s datasets as well as data from modern Indians and Indo-

Iranians. Data about the first four series were scored by Turner, while for last

two were taken from different sources.

Scott and Turner (1997) choose to present data for moderate to strong

expressions (Grade 3 and above) of Shoveling on upper incisor first (UI1) for

comparative purposes. The frequencies of these six comparative samples

ranges from a high 72% among Chinese-Mongolian to low 2.7% among

Western Europeans. Strong expressions of shoveling occurs among all the five

ethnic groups with identical frequencies found among Gujars and Yousafzai

from Swabi (GUJsb and YSFsb) (39%), among Yousafzai from Buner (YSFb)

(32.6%), Syeds from Swabi (SYDsb) (31.7%), Gujars from Buner (GUJb)

(26.5%), Syeds from Buner (SYDb) (21.7%), Tanoli from Swabi (TANsb) (16%)

and Jadoon from Swabi (JADsb) (16.5%). These frequencies were much higher

than that seen among modern Indians (12.6%) and Indo-Iranian (12.7%), but
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were much more similar to that seen in modern Southeast Asian (34.9%) and

South Siberians (34.9%).

Likewise, the frequencies of Carabelli’s trait across the six comparative

samples range from 27.3% among Western Europeans to 14% among

Southern Siberians. Strong expressions of this Carabelli’s trait were observed

among all the five ethnic group of this study with frequencies (81.4%) among

Yousafzai from Swabi (YSFsb), followed by (80.5%) among Syeds from Buner

(SYDb), (70.9%) among Gujars from Buner (GUJb), (67%) among Yousafzai

from Buner (YSFb), (65.6%) among Syeds from Buner (SYDb), (63.4%) among

Gujars from Swabi (GUJsb), (62.8%) among the Jadoon from Swabi (JADsb)

and (56.4%) among the Tanoli from Swabi (TANsb). Carabellei’s trait

frequency among modern Indians (22.8%), followed by Indo-Iranians (17.6%),

Western Europeans (27.3%) and Southeast Asians (20.8%).

Hypocone trait at upper molar first (UM1) across all the six comparative

samples varies from a high 27.4% among Indo-Iranians to a low 10.8% among

the Chinese-Mongolians. The frequencies of this trait among South Siberians

(14.2%) and South Asian (11.5%), which were markedly divergent from those

found among Yousafzai from Swabi (YSFsb) (81.4%), Syeds from Swabi

(SYDsb) (80.5%), Gujars from Buner (GUJb) (70.9%), Yousafzai from Buner

(YSFb) (67%), Syeds from Buner (SYDb) (65.6%), Gujars from Swabi (GUJsb)

(63.4%), Jadoon from Swabi (JADsb) (62.8%) and Tanoli from Swabi (TANsb)

(56.4%).
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Comparative data for the same six world regions among mandibular tooth-

trait combinations are also provided by Scott and Turner (1997), but these

data are limited to traits found on the molars. Frequencies of the Y-groove

pattern on LM2 vary from a low of 7% among modern peninsular Indians and

7.6% among Chinese-Mongolians to a high of 27.2% among modern Western

Europeans.

The frequency of this trait among Jadoons from Swabi (JADsb) was 29.4%,

followed by Syeds from Buner (SYDb) (29.4%), Yousafzai from Buner and

Swabi (YSFb and YSFSb) at 29.1% and 25.4%, respectively, Gujars from Buner

and Swabi (GUJb, GUJsb) had frequencies of 25.0% and 20.5%, respectively,

while Tanolis and Syeds from Swabi had the trait at frequencies of 20.3% and

15.2%, respectively. Such frequencies are much more similar to Western

Europeans (26.1%) and South Siberians (22.2%) than to either peninsular

Indians (17.5%) or Indo-Iranians (10%). Scott and Turner reports frequencies

of the entoconolid (Cusp 6) on LM1. C6 is an accessory cusp found on the

mandibular molars and its frequencies on LM1 across the six comparative

world samples ranges from a high of 35.9% among Chinese-Mongolians to a

low of 4% among Indo-Iranians. Identical frequencies (4.5%) of this trait was

found among Tanoli from Swabi (TANsb) and Yousafzai from Buner (YSFsb),

very similar to frequencies found among modern Indians (6%) and Indo-

Iranians, somewhat more divergent from frequencies found in Western

Europeans (8.3%) and markedly divergent from South Siberians (20.2%),

South Asians (32.5%) and Chinese-Mongolians. It was found with low
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frequency (2.2%) among the Gujars from Swabi (GUJsb) and Yousafzai from

Buner (YSFb).

The metaconulid (C7) is another accessory cusp found on the mandibular

molars and for which Scoot and Turner (1997) provide frequencies on LM1.

They report less variation in the frequency of this trait across the six

comparative world samples, in which frequencies range from a high of 9.9%

among Southern Siberians to a low of 1.6% among Indo-Iranians. Syeds from

Swabi (SYDsb) had frequency (18.9%) almost double of the frequencies found

in Southern Siberians followed by Yousafzai from Buner (YSFb) (11.9%) and

Jadoon from Swabi (JADsb) (11.5%). Syeds from Buner (SYDb) has frequency

of 8.2% and Gujars from Buner (GUJb) (7.6%), identical to Southeast Asians

(7.3%) and Chinese-Mongolians (7.9%). Frequencies among the Tanoli from

Swabi (TANsb) (5.7%) and Yousafzai from Buner (YSFb) (B) (5.6%) identical

to that reported for modern peninsular Indians (5.8%).

Like the entoconuild the metaconuild was found most frequently on the lower

molar first (LM1) with frequency ranging from 4.4% among Gujars from

Swabi (GUJsb) to 18.9% among Syeds from Swabi (SYDsb). At the lower

molar second (LM2), low frequency of metaconulid (Cusp 7) was found

among Jadoon from Swabi (JADsb) and Gujars from Buner (GUJb) (2.8%and

0.9% respectively), and was completely absent among member of the other

three population samples. Multivariate statistical analyses were undertaken in

an effort to further investigate the patterns of phenetic affinities shared by

members of the five sampled ethnic groups from Buner and Swabi Districts to
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prehistoric and living individuals of the Hindu Kush highlands, the Indus

Valley, South-Central Asia and peninsular India.

4.1.2. Comparison between Living Groups

Bio-distance analyses among living south Asian ethnic groups yields certain

consistencies regardless of data reduction method employed. First, there

appears to be a strong separation between the six peninsular Indian samples

and samples of living northern Pakistanis, regardless of sampling location.

There is also a clear separation among the peninsular Indian samples by

region (Maharashtra, Andhra Pradesh) and by language. Among living

northern Pakistanis, the Jadoons of Swabi (JADsb) and the inhabitants of

MadakLasht (MDK) are almost always identified as outliers with little

affinities to the other samples included in this analysis. This was also true for

the Swatis from Mansehra (SWT), albeit to a lesser extent. Multiple samplings

of the same ethnic groups, but from different geographic localities, tend to

confirm that ethnic identity has a biological signal. The two Yousafzai

samples (YSFb, YSFsb) and the two Wakhi samples (WAKg, WAKs) tend to

exhibit closest affinities to each other, and this was true to a lesser extent for

two of the Gujar samples (GUJb, GUJsb) and for two of the Syed samples

(SYDb, SYBsb). Surprisingly, there does not seem to be a consistent separation

of samples from the Hindu Kush/Karakoram highlands versus those

occupying the foothills and northern rim of the Indus Valley (Buner, Swabi,

and Mansehra Districts). Once concern that keeps showing up was the
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unusual phenetic positions occupied by three samples (GUJm2, KARa,

SYDm2), and to a lesser extent among the remaining two (AWAm2, TANm2).

The first three show no affinities to any of the other samples included in this

analysis or to one another. The remaining two, while they were not separated

from the other samples, stand apart from the Yousafzai, Gujars, Syeds, and

Wakhis mentioned above. While members of these latter ethnic groups tend

to show relatively close affinities to other self-identifying members of their

same ethnic group regardless of sampling locality, this was not true for

sample of Tanolis from Mansehra (which shows no affinities to the Tanoli

sample from Swabi) or for the Awan sample from Mansehra (AWAm1 (which

shows no affinity to the sample of Awans collected from Mansehra (AWAm2).

However, it must be noted that the sample of Tanolis from Mansehra District

(TANm2), as well as one of the samples of Awans also from Mansehra District

(AWAm2), were scored by another researcher. It is entirely possible that the

differences in phenetic position of the samples from their counterparts

(TANm1, AWAm1) may simply be a consequence of inter-observer

differences in scoring these dental morphology traits.

4.1.3. Comparisons between Living and Prehistoric Populations Samples

An examination of biological affinities of northern Pakistani ethnic groups in

the context of living ethnic groups from peninsular India and prehistoric

samples from the Indus Valley and South-Central Asia yields several

consistent patterns. First, while one data reduction technique (neighbor-
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joining cluster analysis) suggested that later prehistoric samples from

Pakistan exhibit temporally successively more proximate affinities to

prehistoric inhabitants of South-Central Asia, this pattern was not confirmed

by the other analyses. Instead, these prehistoric South-Central Asians appear

to be separated from all South Asian samples considered here, both living and

prehistoric. Second, peninsular Indian samples from Maharashtra tend to be

segregated from the living northern Pakistani samples and were associated

with prehistoric samples that were either geographically proximate

(Inamgaon) or the most ancient (Neolithic Mehrgarh). Intriguingly, the

Chalcolithic period sample from Mehrgarh was identified by two of the

analyses (hierarchical cluster analysis, multidimensional scaling with

Guttman’s method), but this pattern was not identified by the other two data

reduction techniques and hence may be an artifact of the statistical method

employed. Patterning of affinities among living groups of northern Pakistan

once again fails to yield consistent evidence of separations by geographic

location; nevertheless, phenetic proximities based upon ethnic group

affiliation are often supported, especially for the Wakhi and Yousafzai, but

less so for Syeds and Gujars, while being least supported for the Awans.

Overall, sampled from Mansehra District do not stand apart as so distinct as

when consideration was limited to living samples. Three of the samples

remained stubbornly isolated (SYDm2, KARa, GUJm2), but the sample of

Tanolis from Mansehra District (TANm2) and, to a lesser extent, the Awan

sample from this same district (AWAm2) yielded more logical phenetic
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positions. Again, the often unusual phenetic positionsoccupied by these

samples from Mansehra District may simply be the consequence of the fact

they were scored by another researcher and hence, introduce inter-observer

differences into the patterning of identified phenetic affinities.

4.2. mtDNA and Y-chromosome analysis

The wide number of haplogroups observed in mtDNA and Y-chromosome

among members of the five sampled ethnic groups of Buner and Swabi

Districts suggest these ethnic groups have diverse origins. Nevertheless, the

results obtained from both the qualitative and quantitative analysis of the

haplogroup distribution of both uniparentally inherited markers indicates

indicates that the variety of genomes sampled in three of the five ethnic

groups do not differ significantly from those found in other populations of the

Indo-Pakistan subcontinent.

4.2.1. Mitochondrial DNA

Since the dispersal of modern human out of Affrica some 60-70,000 years ago,

all subsequent human populations possess mtDNA that belongs to

macrohaplogroups N or M, both of which are sister branches of African clade

L3. N haplogroup shows a global Eurasian distribution but most of its

lineages everywhere are members of the subclade R. In this study, a total of 54

haplogroups were found among the members of the five sampled ethnic

groups, of which the Yousafzai sample appears to be the most diverse and
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Gujars the least diverse with regard to mtDNA. While the Gujars were the

least diverse group at their mtDNA gene pool contained 23 haplogroups,

Jadoon and Syed samples encompass 31 and 39 lineages, respectively, while

Tanolis have 25 haplogroups. A bare majority (50.54%) of lineages are of West

Eurasian derivation, suggesting greater affinities with the West Eurasian

populations compared to other regions of the world. The Gujar sample exhibit

high frequency of West Eurasian linages accounting for 62.3% of individuals,

followed by Jadoon (50.51%), Yousafzai (47.46%), Syeds (47.24%) and Tanoli

(47.01%). The most prevalent haplogroup was H with a frequency of 11.53%,

followed by U7, J1, W and HV with a frequency 6.98%, 4.70%, 4.70% and

3.64% respectively. All other haplogroups are somewhat infrequent and

generally do not exceed a frequency of 3%. The percentage of mtDNA

lineages of West Eurasian derivation in Indian caste populations is

approximately 17% (Metspalu et al., 2004); however, in the western states of

Kashmir, Gujarat and Kashmir the percentages of lineages of West Eurasian

derivation is higher and range from 30-40%. Indian Punjab exhibit 40% and

increases up to 50% in Pakistan while the frequencies decline towards the

South 23% in Maharashtra, 11% in Kerala and 15% in Sri Lanka. The

frequencies more decline in Indian Uttar Pradesh (13%) and approximately

7% in West Bengal (Metspalu et al., 2004). Overall frequencies of Western

Eurasian lineages among the caste populations in India (7%) (Metspalu et al.,

2004).
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Lineages of South Asian derivation, accounting for 39% of all lineages, were

found to be second most common among the five sampled ethnic groups of

Buner and Swabi Districts.

High prevalence of South Asian lineages were reported, accounting for

47.76% among Tanoli followed by Yousafzai (38.98%), Syeds (38.58%), Jadoon

(34.34%), Gujars (33.61%) and Syeds (26.77%). The numerically dominant

haplogroups of South Asian lineages were U2 (8.35%) followed by M3 (5.61%),

and R5 (4.1%), whereas other haplogroups were found to frequencies less

than 3%. South Asian haplogroup M, which is the most frequently found

among Indian populations (70%: Chandrasekar et al., 2009) drops abruptly to

approximately 5% in Iran, which marks the western boundary for the

distribution of this haplogroup (Metspalu et al., 2004).

East Eurasian lineages account for 10.17% of individuals among the five

sampled ethnic groups. Its frequencies among the Jadoon (15.15%), followed

by Yousafzai (14.67%), Syeds (13.39%), Tanoli (5.24%) and Gujars (4.1%).

Frequencies of East Eurasian haplogroup D was found to be the most

prevalent accounting at a frequency 3.64%, whereas the other haplogroups (A,

C, F, M7, M9, M10 and Z) was found to frequencies less than 3%.

4.2.1.1. Comparative Analysis of Specific mtDNA Lineages

As described in Chapter 3, the majority of haplogroups identified in the five

tribal populations were restricted to a single sample and not found in the

other samples. However, a number of haplogroups (HV, H, I, J1, M2, M3, M5,
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M9) were found in all of the group samples, suggesting that these lineages

represent the common maternal gene pool from which these five ethnic

groups arose. Haplogroup HV is the most commonly west Eurasian lineage

(Nasidze et al., 2007; Quintana-Murci et al., 2004; Kivisild et al., 1999). High

frequency of this lineage was found among the Gujars (8.20%), while the

remaining four populations exhibit low frequencies. Among the Jadoon the

frequency of HV (3.03%), Syeds (3.15%), Tanoli (2.24%) and Yousafzai (2.26%).

Among the other Pakistani populations the frequencies among the Baluch

(10.3%), Brahui (5.3%), and Makrani (6.1%). Haplogroup HV found among

Persians (19.1%), Gilaki (24.3%) and Turkmens (30%). Hazara populations of

Afghanistan exhibit the HV haplogroup frequency of (2.5%), Pashtun (14.3%),

Tajik (15.8%) while the Baluch (6.7%) (Quintana-Murci et al., 2004).

Frequency distribution of haplogroup H among the five tribal populations

was fairly uniform with frequency no lower than 10% (Gujars, 11.48%; Jadoon,

10.10%, Syeds 11.81%; Tanoli 10.45% and Yousafzai 12.99%). About 40-60% of

European populations exhibit haplogroup H (Roostalu et al., 2007; Pereira et

al., 2006; Richards et al., 2002). Haplogroup H was reported to be 25-30%

among the Caucasus (Richards et al., 2002). It was found approximately 33-

37% among Israel population, Syria and Jordan approximately 27%, Egyptian

population 18% and approximately 10-20% within Iran (Nasidze et al., 2008).

Among the Kurdish ethnic group of Iran H haplogroup was found to be (10%)

while among the Lures its frequency (17.6%) (Nasidze et al., 2008).
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Low frequencies of haplogroup I was also found among all the five ethnic

populations with frequency less than 5%. The haplogroup J and its sub-

branches J1a and J2a and J1c were found in all the five ethnic

populations.Frequency of J1 haplogroup was higher among the Jadoon (8.08%)

followed by Syeds (7.09%), Gujars (5.74%), Yousafzai (3.39%) and Tanoli

(0.75%), respectively, whereas the frequency of J2 was only reported in Gujars

(1.64%). Haplogroup J is a typical lineage of West Eurasia (Nasidze et al., 2007;

Quintana-Murci et al., 2004; Kivisild et al., 1999). Its frequencies among the

Afghan Baluch (13.3%), and among Pashtun (7.1%). Among Tajik, Uzbeks and

Turkmen populations of central Asia the frequencies of J approximately 5%,

while in the South Caspian Populations of Iran the frequency approximately

16-24% (Comas et al., 2004; Quintana-Murci et al., 2004). High frequencies of J

found in the Near East; Among the Egyptians populations the frequencies of J

approximately 7%, in Israel ~12%, Jordan ~6%, Syria ~8%, Iraq~13% (Nasidze

et al., 2008). Among the Americans populations the frequency of J 7.6%

(Herrnstad et al., 2002). The frequency of J among the Indian was only 0.2%

(Kivisild et al., 1999).

Another west Eurasian haplogroup K was also found among four out of the

five tribal populations. Its highest frequency was reported in Jadoon (6.06%)

followed by Syeds (3.15%), whereas identical frequencies (1.64%) was

reported for both Gujars and Yousafzai populations. Highest frequencies of

haplogroup K found in Ashkenazi maternal gene pool (32%) (Behar et al., 2004)

whereas its frequency is much lower (6%) both Near Eastern and European
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non-Jews (Richards et al., 2000). The Near Eastern population Druze exhibit

frequencies of 16% (Richards et al., 2000; Macaulay et al., 1999).

Haplogroup N3 which is also fairly common in western Eurasia has also been

reported in the present study. Tanoli exhibit the highest frequency of this

haplogroup (13.43%) whereas its frequency among the Syeds was only 0.79%.

The frequencies of haplogroup N* among the Egyptian population is

approximately 13%, Israel (10%) Jordon (5%) while among five the Iranian

populations its frequency is approximately 23-44% (Nasidze et al., 2008). In

Saudi Arab the frequencies of the derived branches of N is N1a3 (2.1%), N1b

(2%), N1a1a (1.1%) (Fregel et al., 2015). Haplogroup N* frequencies among

the Brahui population of Baluchistan (2.6%) and Gujrati population of India

(2.9%), Makrani populations of Pakistan (3%) and about 7.7% found among

the Chinese Han population (Yang et al., 2011).

Haplogroup T was identified as another west Eurasian lineage found only in

Jadoon and Yousafzai with frequency (2.02% and 1.13 % respectively). Lower

frequency (>5%) of T1 haplogroup was also found in the studied populations

except Gujars. High frequency (3.73%) was reported in Tanoli followed by

Yousafzai (3.39%), Jadoon (1.01%) and Syeds (0.79%). The Syeds exhibit a high

frequency of 4.72% for haplogroup T2, this in comparison to other four tribal

populations is very high viz. 3.28% in Gujars, 2.02% in Jadoon, 1.13% in

Yousafzai and only 0.75 % was found in Tanoli. Haplogroup T less common

in Western Eurasia and its distributions decreases towards the east and south

of Asia. Among the Hazara population of Afghanistan the frequency of T
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haplogroup (2.5%) and Baluch (6.7%), while in the Iran populations the

frequencies of this lineage is relatively low. Haplogroup T is much more

frequent among Western Eurasia than in Central Asia. Among the Indians in

Uttar Pradesh and Andhra Pradesh the frequency of T is only 1% (Kivisild et

al., 1999). Haplogroup T frequencies among the Iranian populations; Azeris

(18.2%), Persians (11.6%) and Qashqais (4.5%) (Derenko et al., 2013).

Haplogroup U was found to be frequencies less than 1% reported among the

Tanoli (0.75%) and Yousafzai (0.56%), while completely absent in the other

three populations. Similarly the U1 Haplogroup was only reported in

Yousafzai (1.69%) and Syeds (0.79%) and was completely absent in the

remaining three populations. High frequencies of U2 were found in all the

five tribal populations. Syeds population exhibit high frequency of U2

(16.54%), Gujars (8.20%), Yousafzai (7.34%), Jadoon (5.05%), and Tanoli

(4.48%). About one half of the U haplogroup belongs to the Indian branches of

haplogroup U2 (U2a, U2b and U2c), however their exact frequencies are

unknown (Quintana-Murci et al., 2004; Kivisild et al.,1999). Haplogroup U

frequencies among three Iranian populations; Azerris, Persians and Qashqais

(22.7%, 24.3%, and 22.3% respectively) (Derenko et al.,2013). Highest

frequencies of U1 and U3 found among the Iranian populations reaching

frequencies among Azeris (9%) and Qashqais (8%) respectively (Derenko et al.,

2013). U3 is also found in the Near East (Richards et al., 2000). Haplogroup U5

is widespread, albeit at low frequencies in various populations of the Near

East (Badro et al., 2013; Richards et al., 2000). The highest frequencies of U5
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reported in the Volga-Ural region (5.3%), particularly among Bashkirs (4.3%)

and Tatars (3.9%) (Bermisheva et al.,2002). Among the Russians the frequency

approximately 2.7% to 1.5% in populations of northern Caucasus (Morozova

et al., 2012; Richards et al.,2000; Macaulay et al.,1999). The frequency of U5

among Central Asian populations of Turkmens Karakalpaks, Kaszakhs and

Uzbeks approximately 1.5% (Irwin et al.,2010). Haplogroup U3 was reported

only in Jadoon and Syeds with frequencies (4.04% and 0.8%) respectively.

Haplogroup U4 was observed among the Jadoon, Tanoli, Gujars, Syeds and

Yousafzai with frequency (4.04%, 2.99%, 1.64%, 0.79% and 0.56%) respectively.

Haplogroup U4a found throughout Europe, with highest frequencies found

in the northern regions and in the Volga-Ural area of Russia (Malyarchuket

al.,2008). U5 haplogroup was found to be present in Yousafzai (2.82%), Syeds

2.36% and Jadoon (1.01%) and was absent in Gujars and Tanoli populations.

Similarly the U6 was only present in Tanoli (2.99%), Jadoon (1.01%) and

Yousafzai (2.82%). Higher frequency of U7 haplogroup was found among the

Gujars (15.57%), followed by Yousafzai (7.34%), Jadoon (5.05%), Tanoli (3.73%)

and Syeds (3.15%). Among the caste and tribal populations of India is (15%

and 8%) respectively. Haplogroup U6 is found in Berbers and North Africans

(Macaulay et al.,1999). U7 is virtually absent among the Western and

European populations and is present at very low frequencies approximately

2-4% in the Near East, the Caucasus region, Central Asia and the Indo-

Pakistani subcontinent (Malyarchunk et al., 2002). The highest frequencies of

U7 is found among the Iranian populations (~10%) and Indian Gujarat (about
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12%) (Terreros et al., 2011; Derenkoet al., 2007; Metspalu et al., 2004; Quintana-

Murci et al., 2004). The presence of this haplogroup in all five ethnic group

samples of this study serves to link the Near East with Central and South Asia.

The N-derived haplogroup W was also found among members of all five

ethnic groups sampled in Buner and Swabi Districts with Gujars exhibiting

the highest frequency of 11.48% for haplogroup W, followed by Yousafzai

5.08%, Syeds 2.36%, Tanoli 2.24% and Jadoon 2.02%. Haplogroup W is not

highly frequent in the European populations and it is nevertheless rather

common (Richards et al., 2000) with highest frequencies found among the

central-northern Finns (9%) (Finnila et al., 2001), and is virtually absent among

the Finno-Ugric speaking populations of the Volga basin (Bermisheva et al.,

2002). Frequencies of haplogroup W in Central Asia stays below 2%

(Metspaluet al., 2004). The haplogroup W frequency peak in the northern

Western States; Gujarat, Punjab and Kashmir are 5%.

The South Asian-specific M macrohaplogroup and its subhaplogroups

particularly the M2, M3, M4, M5 and M6) were found to be the most frequent

haplogroups occurring in all the five samples ethnic groups. Gujars

population exhibit high frequency of M3 (6.56%) and M30 (4.10%). Jadoon

mtDNA haplogroup M2 and M3 with identical frequency of 4.04%, and the

same frequency (3.03%) occurring for haplogroups M, M5. The other

haplogroups M1, M6, M18, M31, M31 and M34 had frequencies less than 3%.

The Syeds population has frequency less than 3% for haplogroup M.

Haplogroup M3 among the Tanoli population (8.96%), followed by M30
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(8.21%), M18 (5.97%), M5 (4.48%) and M2 (3.73%). Frequency of M3 among

Yousafzai (6.21%) and M2 (3.95%). Haplogroup M is most frequently found in

India and drops abruptly to approximately 5% in Iran marking the western

border for the distribution of haplogroup M (Metspalu et al., 2004).

Approximately 70% of the Indian populations contain haplogroup M

(Chandrasekar et al., 2009), which is believed to have arrived the Indian

Subcontinent through South Route migration from Africa (Chandrasekar et al.,

2009; Kumar et al., 2009;Torroni et al., 2006; Macaulay et al.,2005; Disotell,

1999). Haplogroup M2 has been frequently found among the Indian Caste

(2.5-4.5%) than among the tribal populations (0.7-1.9%) and is virtually absent

away from India (Metspalu et al., 2004). Haplogroup M3 frequencies among

the Indian Brahmins population of Utter Pradesh (16%) and Rajpits of

Rajasthan (14%) (Metspalu et al., 2004). Haplogroup M18 frequencies among

the Indian populations are very low (Metspalu et al., 2004). High frequency of

M18 has only been found in Malpharia tribe (29%) (Chandrasekar et al., 2009).

The frequency of R haplogroups among the five ethnic groups were reported

in the present study. The frequency of R5 among Gujars population was

(5.74%), Yousafzai (5.08% and Tanoli less than 3%. Haplogroup R2 frequency

among the Jadoon was (3.03%) and R6 had frequencies less than 3%, whereas

R30 with frequency (3.15%) found among Syeds population. Haplogroup R2

found at low frequencies in Near and Middle East and India, and virtually

absent in other parts of the world (Metspalu et al., 2004). R2 in Europe is

retricted to a few populations in the Volga basin, where it is represented by a
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region specific subclades characterized by HVS-I motif (16037-16172)

(Bermisheva et al., 2002) Frequencies of R5 among the Indian Caste (2.5%-4.5%)

than among the tribal populations (0.7-1.9%) (Metspalu et al., 2004).

Haplogroup R6 frequencies among the Indian groups Austro-Asiatic group

(4.27%), Indo-Europeans (1.70%) and Dravidian (3.65%), while R7 haplogroup

among Austro-Asiatic Indian group (5.90%), Indo-Europeans (0.58%) and

Dravidian (1.37%) (Chaubey et al., 2008). Haplogroup R30 found among the

Austro-Asiatic group (0.61%), Indo-Europeans (2.63%), Dravidian (2.15%) and

Tibeto-Burman group (0.58%) (Chaubey et al., 2008).

The East Eurasian haplogroup A and M7 occurring with same frequency

(0.82%) and haplogroup M9 with frequency 2.46% were only found among

the Gujars, whereas haplogroup D has the highest frequency of (9.09%)

followed by C, F and M9 with frequency 2.02% respectively for Jadoon

population. Similarly in Syeds haplogroup D and M9 were observed in a

same frequency of (3.94%), followed by haplogroup C (3.15%), haplogroup A

(1.57%), and haplogroups F and M10 were found to frequency (0.79%). Two

haplogroups D and M9 with frequency (4.48% and 0.75% respectively), of

Eastern Eurasian lineages was found in Tanoli, whereas seven other

haplogroups of East Eurasian lineages were found to be present with

frequency less than 3% in Yousafzai population.

Haplogroup C and its subclade C4a is widespread in the northern Asian

populations (Schurr et al., 1999; Derenko et al., 2003; Pakendorf et al., 2003;

Schurr and Wallace, 2003; Starikovskaya et al., 2005). Haplogroup D first
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identified by Torroni et al (1992), is one the oldest mtDNA haplogroup in East

Asia and is the founding haplogroup in new world populations. Highest

frequencies of this lineage has been found in Chinese populations (Torroni et

al.,1992). The frequencies of haplogroup F within Chinese Han population

(17.7%) (Yang et al.,2011), while the Russian Kalmyks population exhibit

frequency (5.5%) (Derenko et al., 2007). Among the Hazara population of

Afganistan the frequency of F (2.5%), similar to frequencies found in India

(1.2%), and the Uzbeks and Turkmen (2.4%) (Kivisild et al., 1999b; Quintana-

Murci et al., 2004). Greater frequencies of this lineage has been found among

Kyrgyz population (15%), Kashmiri (21%) and Uighur (25%) (Kivisild et

al.,1999b; Comas et al., 2004). Haplogroup M9 widely distributed in mainland

eastern Asia and Japan and relatively concentrated in Tibet including Nepal

and northeastern India (Peng et al., 2011; Zhao et al., 2009; Qinet al., 2010;

Chandrasekar et al., 2009; Fornarino et al., 2009; Soares et al., 2008).

4.2.2. Comparative Analysis of the NRY haplogroups

Paternal genetic ancestry of the five sampled ethnic groups of Buner and

Swabi Districts was assessed by characterizing 32 high-resolution biallelic and

19 short tandem repeat (STR) markers present in the non-recombining region

of the Y-chromosome (NRY) for 678 individuals.

As mentioned in chapter 3, eleven haplogroups were identified, the majority

of which belongs to haplogroup R1a1a (50%), R1b1a (17.40%) and O3 (13.86%).

Highest frequencies of R1a1a–M17 haplogroup occurs among Syeds (89.15%)
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followed by Yousafzai (72.32%), Gujars (61.29%), Tanoli (10.45%) and Jadoon

(5.26%). Haplogroup R* is most frequently occurs across all populations of

Pakistan and is the widespread haplogroup in Europe, Caucasus, West Asia

Central and South Asia (Senguptaet al.,2006), however African populations

lack this lineage. The R-M207 haplogroup possesses two subclades; R1-M173

and R2-124, found at highest frequencies in some parts of Eurasia (Underhill

et al.,2001; Wells et al.,2001). Haplogroup R1-M173 has further two main

subclades, R1a-M420 and R1b-M343 distributed distinctly in Eurasia (Myres et

al.,2011; Underhill et al.,2010; Cinnioglu et al.,2004; Semino et al.,2000).

Haplogroup R1a-M420 frequently occurring in East Europe, Altai region of

Siberia and Southwest Asia (Derenko et al., 2006; Sengupta et al., 2006; Karafet

et al., 2002), whereas haplogroup R1b-M343 frequently found in West Asia

having two subclades R1b1b1-M73 and R1b1b2-M269 (Myres et al., 2011;

Cinnioglu et al., 2004; Cruciani et al., 2002; Underhill et al.,2001). Haplogroup

R1a1a-M17 are known to be the most common haplogroups in Eurasia, with

highest frequencies found in Eastern Europe, Central Asia, and South Asia

(Pijpe et al., 2013). R1a1a-M17 clade also frequently found in South-West

Pakistan and north India (Jobling and Tyler-Smith, 2003). Among the Afghani

populations the Pashtun exhibit high frequency of R1a1a-M17 (51.02%), Tajik

(30.36%), Uzbeks (17.65%) and Hazaras (6.67%) (Haber et al., 2012). R1a-Z284

found at frequency approximately 20% Norway, where the majority of R1a

(24/26) belong to this clade. R1a-M458 have highest frequencies (20%) in the

Czech Republic, Slovakia, Poland and Western Belarus. The lineage found
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~11-15% across Russia and Ukraine (Underhill et al., 2015). Haplogroup R1a-

558 clade is also common among Volga-Uralic populations. In some parts of

Russia the frequency of R1a-558 (10-33%), Poland and Western Belarus (26%)

(Underhill et al., 2015). Haplogroup R1a-Z93 in south Siberian Altai region of

Russia (30%), Kyrgyzstan (6%) and Iranian populations (1-8%). R1a-M780

found at high frequency in India, Pakistan, Afghanistan and the Himalayas.

About 30% of this lineage found in Croatia and Hungary (Underhill et al.,

2015). R1a-M560 was found in four samples; two Burushaski speaker from

north Pakistan, one Hazara from Afgansitan one Iranian Azeri (Underhill et

al., 2015).

In this study haplogroup R1b1a-M297 was absolutely restricted to the Tanoli

populations with about 82.09% Y-chromosomes belong to R1b1a haplogroup.

R1b1a was also present but with low frequencies among the Jadoon,

Yousafzai and Syeds (3.51%, 1.69% and 0.78% respectively). Gujars

population lacked the R1b1a haplogroup entirely. The subclade R1b1b1

defined by the mutation M269 is the most frequent Y-chromosome

haplogroup throughout Western Europe (Alonsoet al.,2005; Underhillet

al.,2003). Frequencies of this R1b1b1-M269 is rarely observed in diverse

groups of Siberian populations; Buryats (0.7%), Mongols (4.3%), Evenks

(2.4%), and Tofalars (6.7%), whereas haplogroup R1b1b1-M73 among the

Turkic-speaking populations; Shors (13.2%), Teleuts (11.4%), Khakassians

(3.2%), Tuvinians (1.9%), Altaians (1.1%) and Mongolian Kamyks population

(2.2%) (Sengupta et al., 2006).
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In the present study the South Asian specific haplogroup R2-M124 was found

at low frequencies. Highest frequency of R2-M124 haplogroup was found

among Gujars (4.03%), Tanoli (2.24%), Syeds (1.55%), Jadoon (0.88%) and

Yousafzai (0.56%). Majority of the R2-124 haplogroup found in South and

Central Asian populations (Zhong et al., 2011; Sengupta et al., 2006; Underhill

et al., 2001;Wells et al., 2001). Highest frequencies of this haplogroup is found

in India and Pakistan (Sengupta et al., 2006) and also found in Chinese Uygurs,

Han and Hui populations (Zhong et al., 2011), and Central Asian populations;

Tajik and Kyrgyz as well (Kharkov, 2005). The frequency of this clade among

the Mongolic-speaking Buryats (2.7%) and in Kalmyaks (6.6%) (Sengupta et

al.,2006). R2-124 frequency in Burusho (14.4%) and (~5.75%) in other

populations of Pakistan (Firasat, 2010). Highest frequencies of R2-124 found

in Pashtun (20.41%) and Tajik (19.64%) populations of Afghanistan (Haber et

al., 2012).

The Jadoon Y-chromosomes were largely composed of O3 haplogroup

(76.32%). Other haplogroups were found but with low frequency. O3-M122

haplogroup was also present in Yousafzai, Gujars and Tanoli but at much

lower frequencies (2.82%, 0.81% and 0.75% respectively). Haplogroup O-M175

is predominant in East Asia comprising about 75% of the Chinese and (>50%)

among the Japanese populations, indicating its association with the major

Neolithic migrants (Yan et al., 2011; Shi et al., 2005). There are three sub-

branches of O-M175-O1a-M119, O2-M268 and O3-M122 having total (60%)

frequency among the East Asian populations (Yan et al., 2011; Shi et al., 2005).
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O1a-119 haplogroup occurring along the southeast coast of China with

highest frequencies found in Daic speaking people and Taiwan aborigines

(Kayser et al., 2008). Haplogroup O2-M268 has 5% frequency in Chinese Han

population (Yan et al., 2011). Haplogroup O2a1-M95 most frequently found in

the Indo-China Peninsula, and is also observed in many populations in

southern China and eastern India (Kayser et al., 2008; Su et al., 2000). The O2

subclade O2b-M176 occurring at high frequencies among the Koreans,

Japanese and marginal frequencies found among the Vietnamese and Han

Chinese populations (Ding et al.,2011; Hammer et al., 2006). Haplogroup O in

particular the O3-M122 is the most common haplogroup in china, prevalent

throughout East and Southeast Asia, comprising roughly 50 to 60% of the Han

Chinese (Yan et al., 2011; Shi et al., 2005). Haplogroup. O3 haplogroup has

three sub-branches O3a1c-002611, O3a2c1-M134-M134 and O3a2c1a-M117.

Each one of them are found with frequencies 12-17% among the Han Chinese.

Subclade O3a2c1a-M117 also occurring with high frequencies among the

Tibeto-Burman populations. Another Subclade O3a2b-M7 exhibits high

frequencies among Hmong-Mien and Mon-Khmer speaking populations, but

its frequency among the Han Chinese is less than 5% (Yan et al.,2011; Shi et

al.,2005).

Low frequencies of haplogroup G2a-P15 and I2-P215 were also observed in

Yousafzai populations (1.69% and 2.26% respectively) of this study, and was

completely absent in other four populations. Haplogroup G-M201 found at

low frequencies in other Pakistani ethnic groups. The highest frequency been
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on found in Pathan (10.4%). The Mohanna populations in the South carry the

frequency only (1.4%) for this lineage. Haplogroup G-M201 found in Georgia

in approximately 30% males (Semino et al., 2000), in the northern Caucasus its

frequency is also (30%) (Nasidze et al., 2003), in Turkey (10.9%) (Cinnioglu et

al.,2004), in Iraq (2.2%) (Al-Zaheryet al.,2003), and in Iran its frequency (1.33%)

(Regueiro et al., 2006). G2a-M201 is also found in southern Europe and in the

Mediterranean regions (Semino et al., 2000). The G2a- P15 haplogroup most

frequently found in Southern ethnic groups of Pakistan.

Haplogroup H (common among the populations of South Asia) was found in

all five of the sampled ethnic groups from Buner and Swabi Districts.

Frequencies of this lineage were highest among South Indians Ramana et al.,

2001; Wells et al., 2001). Other than India, this lineage has also been found

among the Newar of Nepal (6.1%), in a mixed ethnic group sample from

Kathmandu (Gayden et al., 2007) and is a single Turkish male (0.38%:

Cinniogluet al., 2004). Haplogroup H1-M52 also found among the other

Pakistani populations with highest frequency found among the Kalash

population (20.4%), Gujars (7.6%). Balti (7.1%), Makrani-Negroid (6.1%)

(Firasat, 2010).

Gujars and Yousafzai both had haplogroup J2a-M410 with frequencies 4.84%

and 4.52% respectively in this study. J2a-M410 was also present in Jadoon

with frequency only 1.75%. Low frequency of J2b-M12 was also found in

Gujars and Yousafzai with frequency of 1.61%and 1.69% respectively.

Haplogroup J2-M172 frequently found in Southwest Asia, Caucasus in South
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Asia it is widespread at frequencies below 10% mainly in caste populations

(Pijpe et al., 2013). Haplogroup J is widely distributed in Eurasia, Middle East

and in North Africa (Hammer et al., 2001; Quintana-Murciet al., 2001). The

Sub-branches of haplogroup J* is found in all Pakistani populations.

Haplogroup J2 in Europe, India, Pakistan and in Nepal indicate that this

haplogroup expand in both east and west directions (Al-Zahery et al., 2003).

Haplogroup J2 found in Jordan with frequency (15.6%) (Flores et al., 2005), in

Oman (9.9%), in Egypt (12.2%) (Luis et al., 2004), in Turkey (24.3%) (Cinnioglu

et al., 2004), Iraq (26.6%) (Al-Zahery et al., 2003), Iran (18.9%) (Nasidze et al.,

2004; Wells et al., 2001; Underhill et al., 2000) and in Greek (7.2%) (Firasat et al.,

2007).

The second most common haplogroup found among the Gujars other than

R1a1a was L accounting for (20.97%), in Syeds (6.98%), Yousafzai (5.08%) and

Jadoon (3.51%), whereas completely absent in Tanoli. Haplogroup L-M20

mainly associated with South Asia. Haplogroup L is the most frequent

haplogroup in South Asia. Approximately (10.8%) of Pakistani and (7-15%) of

Indian males carry this haplogroup (Sangupta et al., 2006; Thanseem, 2006;

Cordaux et al., 2004; Basu et al., 2003). The sub-branch L1M27 is most

frequently found in Pakistan (5%), in India (6.32%) (Sengupta et al., 2006), and

in Iran (2.6%) (Regueiro et al., 2006), while it is completely absent in East Asia

(Sengupta et al., 2006). Lowest frequencies of haplogroup L also observed in

Iraq (1%) (Al-Zahery et al., 2003) and in Lebanon (2%) (Semino et al., 2004;

Wells et al., 2001; Hammer et al., 2000).
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All five sampled ethnic groups from Buner and Swabi Districts have members

who possess haplogroups Q and R2, albeit at different frequencies.

Haplogroup Q derived for the C to T M242 mutation probably arose in

Central Asia spread thought the world (Seielstad et al., 2003). In this study the

Q1a-MEH2 haplogroup has high frequency found among the Jadoon (6.14%),

and also appears at low frequencies in other populations. Its frequencies

among the Tanoli was (2.99%), Yousafzai (2.26%), Gujars (1.61%) and Syeds

(0.78%). Haplogroup Q has many subclades found in modern populations. In

Asia it is widely distributed (Zegura et al., 2003). Highest frequency of Q in

Asia observed among the western and middle Siberian populations; Selkups

(~70%) and Kets (~95%) (Mirabal et al., 2009). Pashtun Population of

Afghanistan exhibit (18%) of this lineage. The frequencies of Q in southern

Altaians (~4%), while in Northern Altaians (~32%) (Kharkovet al., 2007).

Haplogroup Q frequency found in Tuvans (16%) (Pakendorf et al., 2006).

Northern Chinese population exhibit the frequency of Q (4%) (Wen et al.,

2004). Haplogroup Q1a2-L330 found (3%) of male in Tibet (Gayden et al., 2007)

and (3%) in Mongolian (Hammer et al., 2006). The eastern end of Iranian

Plareau of Pakistan exhibit (2.2%) frequencies of this lineage (Firasat et al.,

2007) or 3.4% (Sangupta et al., 2006). About 2.5% of Saudi male has this

haplogroup (Abu-Amero et al., 2009). Haplogroup Q is found among Turkish

males (2.5%) (Cinnioglu et al., 2004). Afshar tribe has the highest frequencies

(13%) of Q haplogroup in Turkey (Gokcumen, 2008).
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4.3. Conclusion

The aim of the last portion of the present study was to identify the

composition and distribution of maternally and paternally inherited

haplogroups via mtDNA and Y-chromosome of the five sampled ethnic

groups of Buner and Swabi Districts, Khyber Pakhtunkhwa, Pakistan. The

dental morphology results only inform us that ethnic group identity does

appear to carry a biological (genetic) signature. It tells nothing about whether

or not their folk tales concerning their origins are true. In fact, the non-

distinctiveness of the Syeds, relative to the other sampled ethnic groups of

northern Pakistan suggests their assertion of descent from the Prophet is not

likely to be true. I also determine whether the belief of each tribal population

own origin is supported from the study of their dental traits, mtDNA and Y-

Chromosome analysis. Results of the mitochondrial DNA illustrate that,

majority of the haplogroups belongs to West Eurasian lineages 50.53%. Gujars

population exhibit high frequency of West Eurasian linages accounting for

62.30%. South Asian lineages were of 39% and East Eurasian lineages,

accounting for 10.17%. Tanoli exhibit high frequency of South Asian lineages

(47.76%), while least frequencies of these lineages were reported in Syeds

population (26.77%). Jadoon exhibit high frequency (15.15%) of East Eurasian

lineages, while Gujars exhibit low frequency (4.1%) of these lineages.

Results of the non-recombining segment of the Y-chromosome (NRY) shows

the presence of 11 haplogroups, majority of them belong to haplogroup R1a1a

(50%), R1b1a (17.40%) and O3 (13.86%). Syeds exhibit highest frequency for

this haplogroup (89.15%), while the least frequency of this haplogroup was
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reported in Jadoon population (5.26%). Western Europe haplogroup R1b1a-

M297 was absolutely restricted to the Tanoli populations (82.09%), while the

Jadoon Y-chromosomes were largely composed of O3 haplogroup (76.32%).

South Asian specific haplogroup L has highest frequency observed in Gujars

(20.97%), while low frequency of this haplogroup was found among the

Jadoon (3.51%). Overall, this study provide a high-resolutions data set for

both the lineage markers (mtDNA and Y-chromosome), of the five tribal

populations of Swabi and Buner area of KP Pakistan.
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