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Abstract

Abstract

Nepal harbors a variety of ancient and indigenous haplogroups that have been largely ignored in
several recent studies. To evaluate the matrilineal gene pool of the Himalayan populations and
their genetic adaptation to the high-altitude hypoxia environment, 695 (508 newly generated)
samples belonging to three different populations of Nepal (Newar, Magar and Brahmin) and 3
different populations from India (North India, Changpa and general individuals of Ladhak) were
analyzed. Investigation was performed based on the high resolution mtDNA sequencing followed
by the most precise identification of East Asian, Southeast Asian, South Asian and West Eurasian
Haplogroups. Further, Phylogeographic analysis of the genealogical lineages where obtained by
comparing the whole mtDNA sequences of the studied populations with the other Asian
populations. Desired variants of Epas1 and EDAR gene were obtained through direct sequencing.
Newar are considered to be the original and ancient inhabitants of the Kathmandu valley but
when and where the Newar people originated from remains contentious. Hypothesis are
proposed to have shared ancestry with the East Eurasian, South Asian and West Eurasian. Present
study revealed the presence of albeit limited, ancient and deep time depth South Asian lineages
in Newar, Magar and Brahmin. Further, Newar experiences several waves of migration adding
several East Asian, South Asian as well as West Eurasian lineages into Newar via multiple
dispersal, from several distinct sources in different time, rather than just one or two major
admixture events in the Neolithic/Bronze age. Most of the East Eurasian haplotype, observed in
Newar, Magar and Brahmin branched off directly from the nodes occupied by the Tibetan lineage,
albeit a few haplotypes were shared in between Nepali and Northeast Indian. Taking into account
the previous studies on East Eurasian maternal components, now it is convincing that the major
Genetic Influx from East Asia across the Himalayas into Nepal occurred in between 3-6 Kya and
these lineages has made a hefty contribution to the modern gene pools of the Newar and Magar.
Hence, our analysis supports a close genetic relationship between Newar and East Asian
population with substantial genetic contribution from South Asia and West Eurasia. This was
further supported by the analysis of the EPAS1 gene and 1540C variants of the EDAR gene. In a
good agreement with the previous studies on Tibetans and Sherpa, high-altitude adaptation in
Ladhak also identified positive signal of selection in genetic variants of EPAS1 gene. Further, a
strong linear correlation between genotyped alleles of EPAS1 gene and different level of altitude
were detected in the Himalayan populations, suggesting that extremely high-altitude hypoxia
environment exert a selective effect on Epasl variants. Changpa shares most of their matrilineal
lineages with the indigenous Tibetans suggesting that the Tibetans are the ancestral populations
of Changpa and the adaptive traits for the high-altitude adaptation has been recently inherited
form their ancestors in Tibet. Whereas the general individuals from Ladhak shows higher
proportion of West Eurasian maternal components with substantial genetic contribution from
Tibet and India.
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1 Introduction

1.1 Background

Over 7 Billion people lives in our planet. The human species with individual of many shapes, sizes,
and colors appear to be very diverse. How did we get to where we are today? People have always
been curious about their origins. For decades the only clues were the scattered bones and
artifacts/artefact our ancestors left behind on their journeys. Genetic studies and fossil
record/evidence indicate that archaic humans evolved to anatomically modern humans (AMH)
solely in Africa. A tiny group of AMH left Africa =between 125- 60 KYA. Over time, these AMH
spread throughout the world and replaced the other existing populations of the genus Homo such
as Homo erectus and Neanderthals. This assumption was solely based on the several scientific
evidences. The major evidence came from the DNA analysis of the modern human as well as the
analysis of the ancient DNA (aDNA), in which most of us (modern day humans) can trace our
origins to one branch of AMH who left Africa. As the AMH spread throughout the world, new
mutations get accumulated on the way. Hence, DNA present on contemporary humans have
accumulated different pattern of mutations and these differences/ polymorphism/ genetic
variants/ markers, provide a record of our relatedness and genetic history. Analysis of the
genomic data also provides the insights on the spread of culture, whether the spread is due to
the movement of people or ideas. Due to the advancement in DNA sequencing and methods for
the enrichment and extraction of ancient DNA, we are able to answer the several answers such
as, gene flow between AMH and the Hominins, the origins of the native Americans (still debated),
the relative importance of the movement of people and ideas in cultural transitions (such as
where did the agriculture emerged and spread on the other regions of the world). (Fu et al., 2016;
Maanasa Raghavan et al., 2015; Stewart & Chinnery, 2015).

Y-chromosome only detected in males are inherited along the paternal side (father to sons).
Whereas, mtDNA is only inherited along the maternal side (mother to daughter and son). Hence,
these markers also called as uniparental markers are widely used in population genetics study.
Further, Y and mtDNA remains constant from generation to generation — Except for the
accumulated mutations. The mutations in the mtDNA occurs so rarely and always originate as
unique events in a single individual at some point in the past. Hence, they define unique lines of
descent—like a clan. If a person shares mtDNA mutation with someone, then that person must
have shared an ancestor at some point in the past. These mtDNA genome analysis will assign
individuals to different clans/groups. In genetic terms, these clans are known as haplogroups
(Hg)—a group of people who share a set of genetic markers and therefore share an ancestor
(Ingman et al. 2000). By examining these regions and constructing trees on the basis of their
relationships, we can infer where we came from and hopefully how we got to where we live
today. Similarly, we can also make inference about the various demographic events in the past,
such as; bottleneck (dramatic reduction in number of population), Founder effect (population
expansion in the past) and Genetic drift (losses of genetic variation).

As the archaic human start to spread out of Africa, they slowly increased in numbers and start to
inhabit different places in Earth, where they get exposed to myriad (countless) new
environments, pathogens, food/diets and they were forced to adapt, leading to the great
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diversity observed today (Nielsen et al., 2017; Nielsen, Hellmann, Hubisz, Bustamante, & Clark,
2007; Stewart & Chinnery, 2015; Vitti, Grossman, & Sabeti, 2013). Natural selection was first
described by Darwin and Wallace in 1858, which explain about the idea of beneficial traits. In a
population, over the time the frequency of traits which improve an individual’s chances to survive
and reproduce will be more frequent.

1.2 Nepal | Facts and History

1.2.1 Geography

Himalayan Kingdom Nepal, is situated in the middle of Asia making top of the Indian sub-
continent separated from Eurasia by great inaccessible towering mountains called Himalayas in
the north. Nepal is Landlocked by India on three sides and china in north; sandwiched between
the two-great ancient civilization of China and India (Whelpton, 2005). The area of the country is
147,181 sqg. km with around 900km east west stretch and 250 km North south stretch having
population size of nearly 30 million ("Central Bureau of Statistics of Nepal: Major Highlights.,"
2011). According to the National census 2011, Nepal a land of diversity, includes a patchwork of
different religions and harbors a total of 125 different ethnic groups with 123 linguistic
communities

The two largest groups include the Chettri and Brahmin. Nepali is the most commonly spoken
language and is related to Indo-European (IE) language family. Whereas, Nepal Bhasa (Newari) is
a Tibeto-Burman (TB) language, related to the Sino-Tibetan language family. Modern day Nepal
is primarily dominated by the Hinduism, while Buddhism is second. Nepal is the steepest country
with tremendous geographic diversity in the world with the elevation ranging from 60m above
the sea level to the highest point on Earth. Hence, Nepal harbor wider climatic zones (diverse
environments) ranging from tropical to artic climate. The physiographic region of Nepal ranges
from tropical forest in the south plain to the Himalayas in the north of which the later includes
the world tallest (8848 meters/29,028 feet) mountain, Mount Everest called as Sagarmatha or
Chomolungma in Nepali and Tibetan respectively (Pranjal, 2015). However, the southern Nepal
(Terai plain) is a tropical monsoonal lowland extends nearly 800 Km from East to West to the
Indo-Gangetic plain. The upper Himalayan region is snowy covered with ice. Terai, the
southernmost region of Nepal, is predominantly Hindu and consists of low-altitude plains, which
comprise the northern edge of the Gangetic Plain that extends into North India. Between these
two extremes lie the intermediate hills and valleys that are home to the majority of the Nepalese
population, whose cultural practices incorporate both Buddhist and Hindu traditions (Whelpton,
2005).

1.2.2 Caste system of Nepal

Nepalese caste system follows the classical Chaturvarnashram model in which the society is
divided into four major social classes or varna: A) Brahmin, B) Kshatriya, C) Vaishya, D) Sudra, and
E) untouchables (Levine, 1987). Though, the caste system is still intact today, the rules are not as
rigid as they were in the past.
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[Twice-Born 'Tagadhari’

Khas/Parbatiya: Bahun (Kumai, Purbiya, Jaisi)

Wearers of Sacred Newar: Rajopadhyaya (Dhya Bhaju), Tihutya (Jha/Misra Baje)
Janai’ Thread) Maithil: Brahman, Bhumihar (Bhabhan)

Four Verna- with Brahmin Khas/Parbatiya: Chhetri, Khatri, Thakuri (also sometime
three distinct and riests, scholar included Dasnami- Sanyasi)

traditionally Indic- teachers Newar: Chathariya 'tagadhari' Srestha (including Jaisi/Joshi)
Hindu communities Maithil: Rajput, Kayastha, Rajbhat

A) Khas/Parbatiya Khas/Parbatiya:

B) Ne\_/va_r > Newar: 'non-tagadhari' Srestha, Vajracharya-Shakya*,
\c/:\l)itpr:latlrfz::-/ Madhesi Vaishya Uray (Tuladhar, Bania, Tamrakar, Rajkarnikar.
respective Merchants, traders, money-lenders, land=\ RMGIAILA == EMRENIIZ]A Marvyadl —
nuMerous owners ‘ Newar: Jytapu (!Vlaharjan, i.<umha/P"raJapat|, Suwal
hierarchical etal), Napit, Chlitrakar, Mal!, Karanjit, Manandhar,
Caste Putuwar, Balami, Nagarkoti

Maithil: Yadav, Kushawaha, Kurmi, Kumhar,

Asat-Sudra / ‘Dalits’ (unclean or untouchable) Mallah, Halwai, Mali, Lohar, other castes
Indigenous (Janajati/Adivasi) Ethnicities ) M| Khas/Parbatiya: Kami, Damai, Sarki, Gaine,

Newar: Khadgi, Dhobi/Kapali, Kulu,

Deula/Pode, Chyame

Maithil: Kalwar, Koiri, Teli, Chamar, Musahar,

Paswan, and other castes

Magar, Tharu, Tamang, Kirat (Rai, Limbu,
Sunuwar), Gurung, Kumal, Rajbanshi (Koch),
Bhujel, Sherpa, Chepang, Thami, Dhimal,
Bhote, Darai, Thakali, Lepcha, several others

Non-caste, non-Indic, traditionally non-Hindu, Mongoloid
ethnicities or nationalities outside and independent of the
Hindu 'varna' realm and its hierarchic placement

Figure 1.1 | Caste system of Nepal. Social stratification was traditionally only prevalent in Hindu societies
of the Khas, Newar and Madhesi. However, several indigenous "Adivasi/Janajati" tribes of Nepal were also
incorporated into the caste system/hierarchy after the unification of Nepal (18" century) (Levine, 1987).

1.3 Population under study
1.3.1 Newar (Newa or Newah)
1.3.1.1 History

From the prehistoric time the term Nepal referred the valley Kathmandu of area nearly 600 sq.
km. Although Newars are found in every part of the country, historically Newars are the main
habitat of the Kathmandu valley as well as its surrounding places. Kathmandu is famous for fine
woodcarving, sculpture, bronze and statues. The extremely beautiful Temples, stupas,
monasteries, palaces, Shrines and monuments are glorious treasure of Nepal as well as heritage
of the whole mankind (Pranjal, 2015). There are no any archaeological studies to clarify the
history of Newar, inferences about early periods are based on Nepalese chronicles and legends.
In the prehistoric time, the present-day Kathmandu valley was submerged into water making a
vast lake. Though some tribal populations such as Nag Bansi (serpentine clan) were inhabited the
surrounding hill around the lake. The most common legend of settlement states as; Manjushri
came from Tibet, China to the valley and drained the water and made the valley habitable (Dixit,
2012) . According to the Hogduon 1847, the earliest inhabitant of Nepal was the group of people
belonging to proto Australoid origin known as Kusunda (Sarkar & Ghosh, 2003). Proto Australoid
refers to the ancient hunter gatherer who are descended from the first major wave of AMH to
leave Africa. Historians suggest the Newars consists several mixed groups including the Austroids,
Dravidian, and then to Mongols and to Aryans. However, according to Dr. Regmi (Regmi, 1965)
valley of Kathmandu was first inhabited by the Kol and Bhil tribes of Southern plain immigrated
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through the route of Baghmati River. To this group a significant number of Dravidian speakers
were also added (Regmi, 1965). Kol and Bhil are the ancient populations know from the
Ramayana, one of the great epics of India. Bhil are the largest tribal populations of the Rajasthan-
Guijarat region and second largest in the Maharashtra-Madhya Pradesh region(Singh, 1994). Then
Mongoloid people from North of the Himalayas immigrated. They were Kiratas and so powerful
with vast in number. Rai and Limbu of the contemporary Eastern Nepal claim to be the Kiratas.
They started ruling of the valley. Tibeto-Burman Kiratas, who reigned until the 4th century C.E.
were subsequently replaced by the Licchavi Dynasty (400—800 C.E.), a group that migrated from
northern India (present-day Bihar state) and introduced Hindu culture and traditions to the
people of Nepal (Regmi, 1965). The Valley witnessed several different waves of migrations and
increase in the settlements grew and prospered because of the fertility of the soil, favorable
climate, malaria-free zone and ancient trade location/ route between the China and India (Dixit,
2012; Lewis, 1988). Newars were must probably the descendent of the groups who initially
inhabited the Kathmandu valley. According to the historians the term Newars referred to anyone
who live in the valley irrespective of their racial origin and features. It is believed that Newars
existed as early as sixth century BC (Regmi, 1965). The Urbanization of the Kathmandu valley was
started from 4™ Century AD (Regmi, 1965). In the 6™ century BC, Prince Siddhartha Gautama was
born into the Shakya royal family of Kapilvastu, Lumbini, later famously known as Buddha.

After the IE language, TB language family is considered as second largest language family in the
world based on number of native speakers. It has been speculated that the TB language family
originated in China and spread from the Yellow river of China into Myanmar and the greater
Himalayan region (Degener, 2005). TB language family with no doubt is considered to have
arrived from East Asia into the South Asia and is mainly present in Nepal, Bhutan, Bangladesh,
Northeast India and in some parts of Pakistan. The Newar and Magar group analyzed in this study
speaks the Branch of the Tibeto-Burman family. In Nepal, the earliest dated epigraph was found
at Bajrayogini (Vajrayogini) Sankhu and dated A.D. 1172. Later during the Malla period (1200-
1768), the Nepal Bhasa flourished, both in inscriptions and in manuscripts. Vast collections of
classical Nepal Bhasa literature are preserved in Nepal in the National Archives, the Kesher library
and the Asa archives, whereas thousands of manuscripts from Nepal have been carried away by
western scholars and deposited in different libraries of the world. As architects, sculptors and
painters Newar created innovative and powerful forms. Throughout Southeast and Central Asia
they were acknowledged masters at casting bronze and copper, arts which they still practice
(Regmi, 1965; Whelpton, 2005).

Geographically, Kathmandu valley lies in the central Himalayas at the altitude of 1200-1400m.
The land is so fertile with fairly sufficient amount of rainfall that creates an ideal place for
agriculture. Fairly cold climate, available of black soil and alluvium which are ideal for brick
making, are the ideal factor for the immigration since prehistoric time into the valley from beyond
the Himalayas as well as from southern plain (Regmi, 1965). Most of the Newar people live in
Kathmandu valley and rest of them live mostly in the urban area of the country. Newars are
socioeconomically and politically most advance community with 1,321,933 (5.0% of the total
populations) populations throughout the country making 6th largest community in the country.
After the Unification of Nepal in 18th Century, Newar started to emigrate towards various trade
routes within Nepal as well as in North East India and settled there (Gurung, 1980). The language
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of Newar community is commonly known as Nepal Bhasa or Newari, belongs to Tibeto-Burman
family scripted in 12 different script prominently Ranjana Script. However, unlike other Tibeto-
Burman family this language is also heavily influenced by the Sanskrit and other Indo-Aryan
Languages (Tuladhar, 2000).

1.3.1.2 Newar Caste System

Newar caste system can also be grouped on the basis of occupation as well as religious affiliation
as shown in the Table 1.1 & Table 1.2. Rajopadhyaya Brahmins occupied the highest social
position in the Hindu side whereas in the Buddhists is represented by the Vajracharya.

Table 1.1 | A simplified model of Caste system of Newar based on the occupations. Newar caste system
is based on the Vedic Varna model which involves the grouping of populations based on their hereditary
occupations. (Furer-Haimendorf, 1956; David N. Gellner, 2009; David N Gellner & Quigley, 1995; Regmi
1960; Whelpton, 2005)

Varna/Caste |[Sub-Caste Family Surname or Sur Groups
Upadhyaya Rajopadhyaya, Rimal, Sharma, Subedi - Royal Priests and Family
, Brahman- Purohits
I. Brahmin - —
Tirhute/Maithi Misra, Bhatta, Jha — Temple Priests
| Brahman-
Non-Brahmin Joshi, Daiwagya — Assistant Priests and Astrolqgers .
Priests- Karmacharya, Guruwacharya, Acharya — Tantric temple priests
and assistants
Thakur: Malla, Simha, Dev, Pradhan, Vardhan, Varman,
Il. Kshatriya Pradhananga — Malla royals and nobles
g:f;?:r:;a. Chatharia: Amatya, Bhaju, Dhaubhadel, Hada, Kayastha,
Mahapatra, Maske, Mool, Rajbaidya, Rajbanshi, Rajbhandari, Piya,
Sainju, etc. — Malla nobles, courtiers and administrators
Panchtharia |Achaju, Bhadra, Kacchipati, Madhikarmi, Mulmi, Naeju, Nyacchon,
. Shrestha- Sahu, Shrestha —Administrators or Merchants and Traders
Il. Vaisya
Udas/Uraye: Tuladhar, Kansakar, Bania, Sthapit, Rajkarnikar, etc. -
Udas/Uraye -
Merchants and Traders, Craftsmen
Maharjan, Dangol, Suwal, Shilpakar, Awale, Prajapati, etc.:
Jyapu— .
Farmers and related fields.
Sayami— Manandhar, Sayami - Oil pressers
IV. Clean (Sat) |Kau-— Nakarmi - Blacksmiths
Occupational |[Nau-— Napit - Barbers and Nail cutters
Castes Gathu— Malakar, Mali - Gardeners and flowers specialists
Pu-— Chitrakara - Painters and Artists
Bha — Karanjit - Funeral Specialists
Cipa— Ranjitkar - Dyers of clothes Various other small castes
V.Unclean  |Kusah-— Kapali, Kusule - Musicians and tailors, temple cleaners
(Asat) Naye — Khadgi, Shahi - Butchers and milksellers
Occupational |Kulu— Kulu - Cobblers and Drummakers
Castes (Sudra) [Chama: Khala |Pode, Dhyola, Pujari - Sweepers, fishermen.
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Newar community is divided into Buddhist and Hindu section however most of the rituals,
customs and most importantly languages are same for both sector. Intermarries between two
sectors of similar Hierarchical group is common. Both of these group of Newar society consist a
number of hierarchically arranged caste, which structure resembles more closely to North India
and Madhesis than that of Khas (Parbatiyas), in which all four Varna (Brahmin, Kshatriya, Vaishya
and Shudra) and untouchables are represented (Levine, 1987; Whelpton, 2005).

Table 1.2 | Caste system of Newar based on Religious affiliation. The Newar caste system is unique than
those prevalent in the Hindu caste systems (Khas and Madhesi societies), in which the Buddhist "ex-
monks" forms a "double-headed" element to the Newar caste system.

Caste system of Newar based on religious affiliation (only included the major caste)
Shivamargi (Hindu) Baudhamargi (Buddhist)
I, Priestly A).Brahman— Rajcpadhyaya, Dyabhaju A). Gubhaju— Bajracharya
(Hindu priests and portents) (Buddhist priests and purobhits)
Castes
B). Kshatriya - Chathariya Shrestha B). Bare —Shakya
Pure Castes (Nobility, administrators) Malla, [(Buddhist temple priests,
entitled to Thakura, Pradhan, Pradhananga, Joshi, goldsmiths)
secret Kayastha, Hada, Amatya, Rajvamshi,
Tantric [l. High |Patravamshi, Rajvaidhya, Rajbhandari,
initiation Castes [Rajlavat, Karmacharya, etc.
C). Parnchthariya Shrestha (Traders, C). Uraya (Traders, merchants,
merchants) — 'Shrestha’, Achariju, craftsmen) —Tuladhar,
Sahukhala; Dhuhlthel, Mimi, Dolakha Tamrakar, Kansakar, Baniya,
Shresthas, etc. Rajkarnikar, Halwai, Sthapit, etc
1. Middle D). Jyapu (farmers, potters, craftsmen)
ranking Maharjan, Dangol, Suwal, Singh, Prajapati, Awaley, Kumhaa. Gopali,
farming Vyanjankara, Khusah (Tandukar),Shilpakar, etc.
caste
Pure service E) “Ekthar” castes
castes IV. Lower Pun-Chitrakara (painters) Bha - Karanjit (funeral ritual
service Nau - Napit (barbers) Putuwar-Dali (farmers)
castes Gathu -Mali (gardeners) Kau — Nakarmi (blacksmiths)
Balami, Pahari (farmers of Valley outskirt) Cipa - Ranjitkar (dyers)
Sayami-Manandhar (oilpressers)
Impure castes V. Impure F. Jogi - Kapali (death ritual specialists)
from which but g. Dhobi -Kuale (washermen, tailors)
upper castes | touchable h. Naya -Khadgi -Kasain (butchers, musicians)
cannot accept
water: served VI. Impure . Kulu-Suvarnakar (cobblers, leather workers)
by their own and j. Pode- Deula (sweepers, cleaners)
. untouchab
priest le K. Chyame- Chamarkhala (sweepers, cleaners)
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A short information on the major selected sub-caste of Newa is given below.

Bajracharya/ Vajracharya: Bajracharya (also called Gubhaju/ guru bhaju) are the highest-ranking
Buddhist priest among the Newar communities. Priesthood is considered too be the only
exclusive occupation of Bajracharya (Regmi 1960).

Shakya: Similar to the Bajracharya Shakya are also the higher ranked Buddhist priest. The best
known Shakya was Siddhartha Gautam Shakya born in Lumbini, Nepal, who was the founder of
Buddhism and came to be known as Gautama Buddha. Shakya word is derived from Sanskrit
which means "the one who is capable. Unlike Bajracharya who only follows the occupation of
priesthood, Shakya also follows the hereditary occupation of goldsmiths(Shakya, 2000).

Udaya / Urays: Uraya are the Traders/ merchants/craftsmen who follow the Newar Buddhism.
Udaya are considered to be The early primary carriers of trade between Nepal and Tibet (Bista,
1972).

Shrestha or Syasyah: In Newar society the Shrestha are ranked below the priestly caste
Rajopadhyay Brahmin. Shrestha is a Sanskrit word adopted by the Newar high caste Syasyah,
which simply means the best or excellent. It is believed that the word Shrestha is derived from
the Newar word Syasyah, which itself is derivation of a Sanskrit word syasta. The first use of the
word syasta is found in the oldest chronicle of Nepal, the Gopalarajavanmsavai, which dates from
fourteenth century. Shrestha was a title given to those who served as administrators at the Malla
courts. Although many Syasyah began to adopt Shrestha as their caste name as early as the
eighteenth century, it has become more common from the 1950s (David N. Gellner, 2009).
Although there are no exact data, the Shrestha are believed to be the second largest in number
after the Jyapu. Although the Shrestha are renowned as traders and administrators, they are
found engaged in all sorts of occupations. A large section of them are farmers, especially in rural
areas. For instance, in Sankhu, the Shrestha occupy the largest area of land (67.3%). Among the
Newars, the Shrestha are considered to be the most educated caste(Whelpton, 2005). Unlike
other Newar castes, the Shrestha are found in every district of Nepal. One of the reasons behind
it is the adoption of “Shrestha” as one’s surname once a family belonging to any of the Newar
caste moves to settle far off places from the Kathmandu Valley. It is believed that Shrestha are
the most accommodating castes in Newar society. Sankhu (Sankharapur) is one of the ancient
historical Newar town in Kathmandu where the Shrestha form the largest group (David N. Gellner,
2009; Whelpton, 2005).

Jyapu: In Nepal Bhasa, the word Jyapu literally refers to the competent worker. Numerically, they
are considered to be the largest group of the Newar community. Jyapu group consist several sub-
castes, such as Maharjan, Dangol, Suwal, Prajapati etc. as listed briefly in the table no 1 and 2. In
the caste system, Jyapu belong to middle working, farming occupational caste. It is believed that
most of the existing indigenous people were incorporated under the Shudra varna of farmers and
working-class population(Bista, 1972). Hence, Maharjan are considered as a true descendent of
the various original settlers of the Kathmandu valley including Licchavis, Ahirs, Karata, Gopaalas.
Kirtipur an ancient city of Nepal, is the center for Newar culture where the Maharjan forms the
largest group. History of Kirtipur dates from 1099 A.D (Kirkpatrick, 1811). It is believed that Jyapus
were turned into a lower caste group during the Malla period.
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Manandhar/ Sayami: On the category of the pure service castes Manandhar are categorized to
lower service castes below to Jyapu. Manandhar are oil pressers by occupation (Bista, 1972).

1.3.2 Brahmin

Brahmins are distributed in scattered patterns all over the country, which are considered the
highest castes in Nepal. Brahmin speak Nepali (Gorkhali) an Indo-Aryan language derived from
Sanskrit. Origin of Brahmins is uncertain however many believes their connections to the south
west Asia (the so called “Indo-Aryan invasions”). According to 2011 Nepal census, with 12.2% of
Nepal's population (or 32,26,903 peoples) Brahmin forms the second largest groups in Nepal
("Central Bureau of Statistics of Nepal: Major Highlights.," 2011). Social practices of Brahmin are
generally based on the Hindu religious epics. Brahmins are further divided into different sub clans
(caste and gotras. The term gotras generally denotes all individual who trace descent in an
unbroken male line from a common male ancestor. Brahmins, are mostly monogamous and
marry within the same sub caste but in different gotras. The Brahmins observe prohibitive rule in
case of marriage with cousins and relatives (Whelpton, 2005).

1.3.3 Magar

Magar is one of the indigenous ethnic nationalities of Nepal. As per the 2011 Nepal census, 7.13%
of Nepal’s population (or 1,622,421 peoples) belong to the Magar ethnolinguistic group making
it the largest indigenous ethnic group in the country. Further, majority of Magar are Buddhists
whereas only a few them are non-Buddhist Hindu. The Kham Magar residing on the Rapti Zone
are believed to have migrated from Siberia. Rapti Zone is considered to be the original homeland
of Magar from were Magar are believed to have spread to the south and east part of Nepal.
Magar have their own languages which belongs to the Sino-Tibetan family (Tibeto-Burman branch
followed by Magaric). Tibetan influences in the language and culture of Magar indicates their
relatedness with the Tibetans from the North. The shamanistic practices possibly brought from
Siberia are practiced by Magar(Watters, 1975)

Table 1.3 | Classification of Magar into the several clans on the basis of their Linguistic affiliation.

Language Septs
Magarkura speakers Ale, Thapa, Rana
Khamkura/Kham language

Budha, Gharti, Roka, Pun, Jhankri
speakers

Tarali Magar of Dolpa/ Budha,

Kaike speakers
! P Gharti, Rokaya, Jhankri

1.3.4 Changpa and general individuals of Ladhak, India

The Changpa are a tribes found mainly in the Changtang (4000m), Ladakh (Jammu and Kashmir
of India). They are high altitude pastoralists, raising mainly yaks and goats. Ladhak range is the
most dangerous mountain range in the world when it comes to High Altitude Sickness (Hypoxia).
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1.4 Hypothesis

Newar are considered to be the original inhabitant of the Kathmandu valley. All the people who
had inhabited the valley at any point of time were either Newar or progenitors of Newar. Some
believe they have migrated from north of the Himalayas (Tibet) whereas others believe they came
from South Asia. The Newa population might have settled in the Kathmandu valley since the
prehistoric times. Newa might have gathered several gene flow from several distinct geographic
regions (East Eurasia, West Eurasia and South Asia) at different times. No doubt, recent
immigrants from both region (Tibet and India) at different times from distinct sources might have
exerted a considerable influence on Newar culture and have ultimately absorbed into Newar
society. South Asia is the earliest place inhabited by the AMH after leaving Africa. Regarding the
geographic proximity of India and Nepal there are every reason to believe that the bulk of
contemporary Newar might contain Indigenous and deep time depth Hg. Changpa, the semi
nomadic tribes living in the high altitude hypoxia region of Ladhak, India might share their
matrilineal lineages with the indigenous Tibetans.

1.5 Objectives

1.5.1 General objective

1. To study the genetic affinity of Newar along with the samples of Brahmin and Magar.
2. To understand the genetic structure of the populations from Ladhak (India) and their
genetic adaptation to the high-altitude hypoxia.

1.5.2 Specific Objective

1. Basic Molecular Diversity indices and Neutrality test

2. Haplogrouping and complete mtDNA sequencing of the selected samples

3. Principle component analysis

4. Phylogeography of Dominant haplogroups (Median joining Network, PhyloTree, Contour
map and TMRCA)

5. Frequency of the adaptive variant 1540T>C of EDAR gene.

6. To explore the signal of selection and to identify the candidate gene that might have

undergone selection in Ladhak region of India.
7. Correlation between the genotyped SNPs and altitude of the studied populations
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2 Literature review

2.1 Mitochondrial DNA (mtDNA)

Mitochondria are unusual organelles that contain their own genome. Mitochondria consists a
small amount of DNA of 16,569 base pairs (16.5kb). Mitochondria are normally inherited
exclusively from the mother; the mitochondria in mammalian sperm are usually destroyed by the
egg cell after fertilization (Stewart & Chinnery, 2015).

Egg cell Sperm cell Fertilized egg

Maternal Mitochondrial DNA  Acrosome

Maternal Mitochondria

Plasma membrane

Cell membrane

Nucleus

L2 orl,
{CUN)
HSZ OF Siagry

MTATP8 MTATP6

Figure 2.1 | Human Mitochondrial DNA and maternal inheritance of mtDNA. The mitochondria in
mammalian sperm are usually destroyed by the egg cell after fertilization. In total, 37 genes are present
in mtDNA of which, thirteen are involved in manufacturing the enzymes essential in oxidative
phosphorylation. Whereas, the other genes play important role in making transfer RNAs (tRNAs) and
ribosomal RNAs. Figure used here has been modified from the source (Stewart & Chinnery, 2015).
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Some of the important features of mtDNA are (Stewart & Chinnery, 2015):

High copy number

Maternal inheritance

Lack of recombination, and

Generally higher mutations rate; almost 10 times higher than in Nuclear DNA

b o

2.1.1 Human mtDNA and its origin in Africa

New mutations arose (and continue to arose) simultaneously with the expansion and migration
of the AMH. In this process, initially, mutations must have arisen within a germ cell followed by
heteroplasmic and might have survived the mtDNA genetic bottleneck over several generations
and eventually have become fixed (homoplasmic) within a maternal line (Stewart & Chinnery,
2015). The mtDNA unique characteristics being uniparental inheritance and associated lack of
intermolecular recombination mean that these unique variants have remained confined
(restricted) to specific ethnic groups in some geographical locations. Hence mtDNA present in our
cells are almost similar to our mother’s mtDNA and can be traced back to the mother mother’s
mtDNA from several hundred/thousands of generations ago. This proposed common female
ancestor of the present-day population is termed as “Mitochondrial Eve” and is believed to have
lived in Africa over =100,000 years ago. Uniparental Inheritance and lack of recombination has
lead into the accumulation of mutation in mtDNA over several thousand years. The accumulation
of mutations in mtDNA over time have subdivided the human population into several discrete
clans (Haplogroups). A haplogroup (hg) labeled from A to Z is a group of people who all share the
same pattern of SNPs in their mtDNA (van Oven & Kayser, 2009). These data have been used by
population geneticists to infer about the past migration and colonization of the Earth, supporting
the ‘out of Africa’ hypothesis, which proposes that the human mtDNA had its origins in Africa.

Revised Cambridge Reference Sequence (rCRS): Mutations are determined based on comparison
with rCRS. When a variation in mtDNA is detected, it actually shows the regions of DNA that differ
from the rCRS. Hgs are the main “trunks” of the mtDNA phylogenetic tree and represent
extremely ancient family groups which arose tens of thousands of years ago. Over time, the
descendants of each Hg formed further subgroups, called Subclades; named using numbers and
letters. For example, Subclades of Hg H include H1, H2, H3, H4... and so on. The Subclade H2 can
be further classified as H2a, H2b, etc. Further it can be classified into H2al, H2b1, etc.(van Oven
& Kayser, 2009).

2.2 Origin of Anatomically Modern Human (AMH) in Africa

Archaeological sites found in Africa are linked with AMH remains in Africa, which provide the
evidence for African origin of AMH. Some of the important archaeological sites are:

A. Jebel Irhoud (Morocco)

Skeletal remains of five Archaic homo sapiens along with middle stone age tools found in a
cave called Jebel Irhoud, in Morocco dated to 315 £34 thousand years old is the oldest homo
sapiens fossils yet discovered (Hublin et al., 2017).
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B. Ethiopia

1. Omo Kibish: Omo Kibish is a name of an archaeological site in Ethiopia which Contains the
partial skeleton of Homo sapiens dated to =195,000 years ago(Aubert et al., 2012).

2. Bouri: Skeletal remains of four archaic hominins date 2.50,000 and 160,000 years ago.
Among these three Hominin crania were identified as Homo sapiens dated 160,000 years
before present (BP), including middle stone age tool such as hand axes, cleavers, scrapers,
Levallois flake tools, cores and blades(White et al., 2003)

2.3 Potential routes Out Of Africa (OOA)

Comparison of DNA differences among the present-day people, the analyzed DNA samples
retrieved from the bones of ancient hominids, archaeological evidence, fossil finds and studies of
ancient climates all suggest the Out of Africa (abbreviated as OOA) or African replacement
Hypothesis, which argues that every human being is descended from a small group of AMH that
originated in Africa, from where they expanded outwards into the different parts of world where
they replace other species of Homo such as Neanderthals and Denisovans. Alternative to OOA,
multiregional model argues that modern humans evolved simultaneously in multiple times (most
probably from Homo erectus), in multiple regions, facilitated by gene flow that results from
ongoing migration between locations. This suggested hypothesis of Multiregional model was
widely rejected. Phylogenetic tree based on human mtDNA sequences have a root in Africa(van
Oven & Kayser, 2009), which is in consistent to the OOA hypothesis. This is further supported by
the presence of highest level of diversity among the Africans as compared to any contemporary
populations (Rosenberg et al., 2002; Tishkoff et al., 2009). Since AMH after their origins in Africa
has existed continuously in Africa longer than any other geographic region and have maintained
relatively large effective population size, thus resulting in the high levels of diversity within-
populations (Tishkoff et al., 2009). Moreover, all the non-African maternal (mtDNA) lineages (M
and N) which populate the rest of the world are derived from a single branch (L3 linage) which is
exclusively present in Africa (van Oven & Kayser, 2009). OOA is further strengthened by the
several recent studies (Fu et al., 2016; Hublin et al., 2017; Malaspinas et al., 2016; Mallick et al.,
2016; Pagani et al., 2016; Pankratov et al., 2016; Sahakyan et al., 2017) which suggests that most
of the non-Africans have inherited genes from people who left Africa in a single or multiple pulse
around 50,000-120,000 years ago, although those dates are changing rapidly as new studies are
unfolded.

Potential routes out of Africa are summarized as:

A) Earliest route (Out of Africa 2): Earliest wave of migration discovered very recently is
considered as a failed dispersal because only a handful of Homo sapiens sites has been discovered
as being this old outside of Africa. This migration was believed to have occurred in between
130,000-115,000 years ago, along the Nile corridor and into Levant (present day Israel). The
presence of anatomically modern human based on fossil evidence has been reported from Middle
East (Three burial site: Skhul, Qafzeh and Tabun of Israel) falling within the time range of 100-130
Kyr (Grun et al., 2005) supporting the idea of Early wave of dispersion. However, these early
humans did not survive and the skhul and Qafzeh (Israel) hominins (Grun et al.,, 2005) are
probably the remnants of the failed exodus. Surprisingly, a recent study based on the analysis of
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teeth believed to be of AMH, claimed the presence of anatomically modern human in southern
china about 80 Kyr ago (Y. C. Li et al., 2015).

B) Northern route: Migration from northern Africa might have occurred =60,000 years ago
through Arabia (Western Asia situated northeast of Africa on the Arabian plate).

C) Southern route: Southern dispersal hypothesis proposed that AMH left Africa at least 70,000
years ago following the costal route of Arabia, across the Indian subcontinent and then into
South-East Asia and finally into Australia. Through these place modern humans are thought to
have spread rapidly into Southeast Asia and Oceania. This route is supported by various studies
based on mtDNA (Behar et al., 2008; Kivisild et al., 2004; Macaulay et al., 2005; Mishmar et al.,
2003; Thangaraj et al., 2005), Archaeological and Fossils studies. The stone tool kit assemblages
unearthed from above and below the Toba ash deposit in India's Jawalapuram Valley (Andra
Pradesh), shows the affinities to the middle stone age African assemblages (Patnaik & Chauhan,
2009). The eruption of Toba, in what is now Indonesia is the largest volcano eruption of the last
two million years. Eruption of Toba lead into the voluminous ash deposits across much of the
Indian Ocean, Indian Peninsula, and South China Sea (Lane, Chorn, & Johnson, 2013). The
presence of modern humans in India at the time of the Toba super-eruption would be consistent
with humans having used the southern route, but would remain speculative till further
excavations because currently there are no any archaeological evidence of such ancient human
migrations along India’s west coast and into southern Tamil Nadu. Similarly, another
archaeological evidence found in the Jebel Faya site in the Arabian Peninsula allowed authors to
consider that the manufacturers of these tools could have dispersed into India as early as 1.25
Kyr ago (Armitage et al., 2011; Petraglia, 2011).

A recent study which include whole genome sequencing data from more than 270 locations
worldwide suggested a single dispersion OOA and on leaving Africa, possibly may have
immediately separated into two waves of dispersal, one wave is the founder of Australasia and
New Guinea and another wave is the founder of the present-day mainland Europeans (Pagani et
al., 2016). Another recent study proposed that the Aboriginal Australians and New Guinea’s
native Papuans diverged from Eurasians around 51-72 Kya, following a single OOA dispersal and
subsequent admixture with the other Archaic humans. This study also concluded that all the
Aboriginal Australians descend from a single founding population that differentiated around =10-
32Kya (Malaspinas et al., 2016).

2.4 Intermixing of Modern Humans with Neanderthals and
Denisovans

Geneticists proposed that the common ancestor of Homo sapiens, Neanderthals and Denisovans,
lived around 6, 00,000 years ago. Whereas, humans and our closest cousins, the Neanderthals
(named after the Neander valley in Germany were the species was discovered) split at least
500,000 years ago (Hublin, 2009). It is now well accepted fact that all the AMH who left Africa
admixed with Neanderthals (Green et al., 2010), as suggested by the presence of substantial
amount (2%) of Neanderthal ancestry found in all contemporary non-African populations studied
so far (Prufer etal., 2014; Sankararaman et al., 2014; Sankararaman, Patterson, Li, Paabo, & Reich,
2012; Vernot & Akey, 2015; Wall et al., 2013). Further, comparatively Neanderthals ancestry
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contributed more to the East Asians (20% more Neanderthal sequence) than the Europeans,
which suggests a further admixture between the Neanderthals and the ancestors of the modern
day East Asians who separated from the Europeans (Vernot & Akey, 2015). Recent study whose
dataset include 142 distinct human populations, proposed/concluded that ancient human who
left Africa interbred with Neanderthals in the Middle East before splitting into distinct groups that
headed into Asia and Europe (Mallick et al., 2016).

2.5 Timeline of the major events in human evolutionary genomics

+First ancient human denome 415 g kyrold Clovis individual +large population genomic
(Rasmussen et al., 2010) sequerljc);led (Rasmussen et al., studgies po? EurasiaEs and
+Draft first Denisovan genome 2014) Australians (Malaspinas et al.,
(Green etal., 2010) +23-kyr-old  Mal’ta individual 2016; Mallick et al., 2016;
iDra}ft first Denisovan genome sequenced (Raghavan et al., 2014) Pagani et al., 2016)

(Reich etal., 2010) 445-kyr-old Ust’Ishim individual +large genomic study of
41000 Genomes Project phase 1 from Siberia sequenced (Fu et al., Paleolithic Europeans (Fu et
data 2014) al., 2016)

2012 2013 2014 2015 2016

2009 | 2010 2011

' +Neolithic | +First 4+37-42-kyr-old European individual with recent
Europeans Aboriginal Neanderthal introgression sequenced (Fu et al.,
sequenced Australian 2015)

(Skoglund et al., sequenced +Large population genomic or genome-wide studies
2012) from 90-year- of Bronze Age Europeans (Allentoft et al., 2015;
old tuft of hair Haak et al., 2015) and Asians (Allentoft et al., 2015)
(Rasmussen et +large genomic studies of ancient and modern
al., 2011) Native Americans, Paleo-Eskimo people and the

Inuit (Raghavan et al., 2015; Skoglund et al., 2015)

Figure 2.2 | Timeline of the important events in human evolutionary genomics. Large number of studies
based on the genomic data has provided important insights into the past human origin/movement. The
above timeline provides a short information about the important studies carried out in the past.

As revealed by the analysis of the genes of the modern people including the aDNA, three major
movements out of Africa has been proposed by the several researchers as shown in the Figure
2.3: first a group that wound up in what is now Australia and the Pacific Islands, then a population
that settled in East Asia, and finally western Eurasians or Europeans (Nielsen et al., 2017). The
African Hg L3 give rise to the two-major super Hgs, M and N, around 55,000-65,000 YBP. This Hg
branches are present in all of the non-African contemporary populations. After the OOA super Hg
N is believed to be directed to Eurasia and another super Hg M moved to Asia, giving rise to the
several Hgs A, B, C, D, G and F. Super Hg N in Europe led to Hg R most probably in the Caucasus,
which is the root of the European Hgs H, J, T, U and V, which emerged 39,000-51,000 YBP. Hg U2I
(U2a, U2b and U2c) present in South-Asia might have diverged to its European version U2e =45-
50 Kyr BP. Hgs S, P, and Q are found in Australasia and were formed -48,000 YBP, and Hgs A, B, C
and D arose <20,000 YBP and populated East Asia and the New world (Americas) (Allentoft et al.,
2015; M. Raghavan et al., 2014; Stewart & Chinnery, 2015).
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Figure 2.3 | Major human migration across the world showing the distribution of major mtDNA Hgs.
Proposed routes of migration that remain controversial are indicated by dashed lines. Several terms used
in the map, such as CA: Central Anatolia; FC: Fertile Crescent; IP: Iberian Peninsula; PCS: Pontic—Caspian
steppe will be discussed in another section (Indo-European language). Map modified from source (Stewart
& Chinnery, 2015)

2.6 The peopling of Asia

Although few study suggests the single dispersal event (Mallick et al., 2016), most evidence
supports at least two early waves of migration might have colonized Asia. The first wave includes
the ancestors of Australian and the Papuan people, whereas the second waves includes the East
Asians. Further A subsequent gene flow occurred into the East Asians but not the Europeans from
the remnants of an earlier migration into Asia of Aboriginal Australians ancestors at some point
before 20kyr BP (Rasmussen et al.,, 2011). Ancient genome study which included the genetic
analyses of a 37,000-year-old (named as Kotenski 14) human bone (leg bone) form European
Russia shows a close relation with the contemporary West Eurasians but not the East Asians
(Seguin-Orlando et al., 2014), implies that Western Eurasians and East Eurasians diverged outside
Africa between 45-36.2 Kyr BP (Nielsen et al., 2017).

2.6.1 Spread of the Indo-European Languages

It was debated for decades, whether the spread of Indo European language occur due to the
migration of people during the Bronze age or during the Earlier spread of agriculture (late
Neolithic). The most widely accepted hypothesis for the origin of Indo-European language is the
steppe hypothesis which proposed PCS (Ponte-Caspian steppe) as a homeland for the proto Indo-
European speakers, who are responsible in spreading of Indo-European language In Europe and
parts of Asia. . PCS extends from Northern Romania to Ukraine and to Russia. This hypothesis has
been further supported by a recent study based on the ancient DNA (aDNA), mitochondrial as
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well as Y-DNA evidence. Inference based on the sequencing of 101 ancient genomes, suggests
the large-scale movement and replacement of populations have occured in the Bronze Age
(period in between 3000-1000 BC). Further this process was responsible in shaping the
contemporary (present day) demographic structure, languages and certain phenotypic traits in
both Europe and Asia (Allentoft et al., 2015).
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Figure 2.4 | Map showing approximate distribution of Early Bronze Age cultures Yamnaya, Corded Ware,
and Afanasievo cultures (Allentoft et al., 2015). The star like shape indicates the geographic position of
Nepal in the map. All colored boundaries in Map are approximate. The two arrows (dark yellow) from the
PCS directed towards Europe and central Asia shows the Yamnaya expansions occurred at the same time
during the Early Bronze Age. Sintashta, Andronovo, Okunevo and Krasuy the middle and Late Bronze age
cultures with the east ward migration are shown (indicated by light Yellow) in the map. Contemporary
speakers of IE speakers include a broader area of Eurasia as represented by several green colors in the
map. Map was created in the present study using Corel Draw Suite X8 (version 18).

Genomic evidence suggests the spread of Yamnaya/Afanasievo culture during the Bronze Age
occurred from PCS directed towards Europe and central Asia. These studies showed two later
population expansions occurred into the central Asia from Europe and Western Asia. The first
expansion occurred around 5 Kyr ago from the Yamnaya herders to the Central Asia and Europe
at similar time. Further these Yamnaya people in central Asia formed the Afanasievo culture and
were replaced by the second wave of migration from the individual belonging to Sintashta culture
(Allentoft et al., 2015), who move in from the Europe and Urals. As the Sintashta culture spread
towards Altai it evolved to Andronovo culture. This culture than gradually admixed and replaced
by the East Asians people belonging to Mezhovskaya and Karasuk culture. Hence this culture first
expanded towards East and later into South towards central Asia in the Bronze Age =3.8 Kyr ago.
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The Andronovo (possibly the Sintashta groups before Andronovo) might have infiltrated and
dominated the soma-using Bactrian Margiana Archaeological Complex (BMAC) in
Turkmenistan/northern Afghanistan by 3.5-4 Kyr BP. BMAC gradually came in contact and
admixed with the Indus valley civilization in Baluchistan =4kyr BP, especially the pastoralism
dominated group dispersed further =3.5Kyr ago in two directions; one across South Asia and
another to the northern Iran including Syria. Previously it was debated for decades, whether the
spread of Indo European language occur due to the migration of people during the Bronze age or
at the time of the spread of agriculture. Large-scale migrations and population replacement
resulted into cultural transitions during the Early bronze age was most probably the likely
scenario for the most hypothesized Indo-European migrations which is most probably responsible
in shaping the contemporary (present day) demographic structure, languages and certain
phenotypic traits in both Europe and Asia (Allentoft et al., 2015).

However, Genome wide studies have strictly denied these hypothesis (Metspalu et al., 2011;
Moorjani et al., 2013). In the last few years, recent large-scale study based on Genome-wide (GW)
has been carried out. These study shows India harbors two major ancestral components: one
component ASI (Ancestral South India) is restricted to South Indians and the other component
ANI (Ancestral North Indian) shows more closer affinity to the population from central Asia,
middle East, the Caucasus and Europe (Metspalu et al.,, 2011; Moorjani et al., 2013). These
haplotype diversities observed in both of the Indian ancestry were older than the hypothesized
Indo-Aryan Invasions =3,500 years ago (Metspalu et al., 2011). East Asian lineages are very
common among the extant Central Asian. If the proposed immigration from Central Asia to South
Asia have taken place, East Asian component which is common in extant Central Asians, should
be evident in the Subcontinent if it had experienced large-scale Bronze Age immigration from
Central Asia (Metspalu et al.,, 2011). However, a recent study based on the aDNA denies the
presence of East Eurasian component in the relevant source region on the Central Asia during the
early Bronze Age (Allentoft et al., 2015). Contrary to the previous study (Underhill et al., 2010;
Wilson et al., 2001) a recent study (Batini et al., 2015; Karmin et al., 2015; Poznik et al., 2016)
based on the Y-DNA analysis supports the Bronze age genetic influx into the South Asia from the
Central Asia.

2.6.2 Peopling of South Asia

South Asia refers to the southern geographic region of the Asian continent comprising modern-
day nation’s territories of Sri Lanka, Bangladesh, Bhutan, Nepal, India, Maldives and Pakistan. A
map showing the geographic territory of the South Asia, Central Asia, Caucasus, East Asia and
Mainland South East Asia (MSEA) are shown in the Appendix H (Figure 8.1). South Asia is one of
the earliest regions considered to be occupied by the early AMHs (Macaulay et al., 2005;
Majumder, 2010; Mellars, Gori, Carr, Soares, & Richards, 2013). The early out-of-Africa migrants
colonized South Asia, dominated by India, and including Pakistan, Nepal, Bhutan, Bangladesh, Sri
Lanka and parts of South-East Asia, especially Myanmar. Southern dispersal hypothesis proposed
that anatomically modern humans (AMH) left Africa at least 70,000 years ago following the costal
route of Arabia, across the Indian subcontinent and then into South-East Asia and finally into
Australia. This route is supported by various studies based on mtDNA (Behar et al., 2008; Kivisild
et al., 2004; Macaulay et al., 2005; Mishmar et al., 2003; Thangaraj et al., 2005). The presence of
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high genetic diversity among the south Asian, probably the second highest after the sub-Saharan
populations also supports the above point. South Asian populations shows relatively higher
affinities with the Caucasus and Central Asian populations rather than other western Eurasian
populations.

ARCHAEOLOGY, CLIMATOLOGY, LINGUISTICS

Sintashta expansion
Arrival of IE?

Mt. Toba eruption

Microlithic technology Site of Mehrgarh
Oldest AMH fassi

40

1# settlement Re-expansion of M haplogroups
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OOA prrival of R and M in the West of the subcontinent Putative Central South Asian source . '{\'{’l . 7 UlataZa
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Expansion of expansions
South Asian Hg. Romani
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Figure 2.5 | Timeline showing the evolution of AMH in South Asia based on the genomic data including
Archaeology, climatology and linguistic evidence. Pleistocene and Holocene are represented by the Black
and grey colored portions in the arrow. Blue color indicates the climate change in which periods between
35 and 30 Kyr represents drier period, =18 Kyr corresponds to Last glacial maximum, and the "12kyr and
4.2 Kyr point the younger Dryas. Lineages in red are shown as an indicator for the putative
Glacial/postglacial genetic flux from West Eurasia; green color-coded lineages indicate gene flow from
West Eurasia around the Pleistocene/Holocene transition, orange directs Neolithic period and blue for the
genetic events in the last 4ka (Silva et al., 2017).

2.6.2.1 Indigenous South Asian specific mtDNA Hgs (Pleistocene Modern Human
Settlement in South Asia)

According to the recent study older lineages in South Asia belonging to super hg M are most like
to be originated either in South/West, East and Central India. Whereas the Hg lineages belonging
to R (R30, R7, R31, U2) are most likely to be originated in South/ west India (Silva et al., 2017).
The younger dating of south Asian specific hg M and hg R suggests a later arrival of these hg in
South Asia than the Mount Toba Eruption (Mellars et al., 2013; Silva et al., 2017). It is estimated
that the 30% of the Earth surface was covered by ice during the Pleistocene resulting in the
decrease in the sea level of the entire Earth surface =by 100 meters or even more. History of
Using Micro lithic technology (stone tool) in India can be traced back to =45Kyr ago (Mishra,
Chauhan, & Singhvi, 2013).

M2, M6, M32°56, M36, M39 originated in south/west India.

M4°67, M35, M52 originated in Central India.

M13b, M31, M42b, M61, M49, M50 and M60 originated in East India

M38, M65, M45, M5b, M5c, M34, M57, M33a displays a signal of dispersion from the East
and central India. The age of these lineage is ~45-35 Kyr.

M4°67: This hg shows an extraordinary multi branching are also observed in other south
Asian population including Nepal (Fornarino et al., 2009; Gayden et al., 2013; Silva et al.,
2017; Wang et al., 2012).

» Other Hgs that are likely to be originated within India are listed below (Silva et al., 2017):
e R =R5,R6, R7, R8, R30, R31 and U2i (U2a, U2b and U2c)

o N (NI’5).

V. VVVYVY
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2.6.2.2 West Eurasian specific mtDNA Hg in South Asia

The presence of west Eurasian Hg in south Asia is the indicator of the re-peopling after the Last
Glacial Maximum (LGM). Proto Dravidian language might have originated =15Kyr BP in Western
Asia. This was followed by Invent of agriculture which occurred =11Kyr ago. It has been proposed
that a multiple dispersal from the North-West, from several distinct sources, rather than just one
or two major admixture events in the Neolithic /Bronze Age has contributed to the South Asian
gene pool (west Eurasian hg makes 20% of the south Asian gene pool). Here is the list of non-
autochthonous N lineages present in South Asia most likely the subclades belonging to West
Eurasian origin (Silva et al., 2017). Subclades of West Eurasian Hgs (found in India): H2b, H7b,
H13, H15a, H29, HV, I1, J1b, J1d, K1a, K2a, N1a, ROa, R1a, R2, T1a, T2, U1, U7, V2a, W and X2

2.6.2.2.1 Last Glacial Maximum (LGM)

After the first initial settlement =45-65 Kyr ago the earliest movement into the South Asia
occurred from West Eurasia (most probably from Near East). Whereas the genetic influx from the
East Asia to South Asia occurred very lately. South Asian populations shows relatively higher
affinities with the Caucasus and Central Asian populations rather than other western Eurasian
populations. The evidence for the movement from west Eurasia to the South Asia is provided by
the lineage N1albl. Other similar Hgs in this category include pre-HV2, HV+146! HV+9716,
HV+73! Pre-Ulc, J1d and a basal clade within T2). These LGM lineages corresponds to the
approximate 2% of the south Asian lineage. Some other lineages arrived in the late glacial period:
16-13 Kyr (HV12b, U7a, HV + 16311!, W4, 11, and J1b1b1)- all belongs to Near Eastern clades.
Previous study associated the presence of west Eurasian Hg among higher caste Brahmin and
religious Muslims and their rarity among the lower caste Indians, with the arrival of Indo-Aryan
speakers. These findings were based on the presence of high frequencies of U7 lineage among
the Brahmin and religious Muslims (Palanichamy et al., 2015)

2.6.2.2.2 Early postglacial arrivals

At the end of the younger Dryas, the movement of the population increased/intensified as
suggested by the arrival of many more west Eurasian lineages in South Asia; U7a3a + 6150,
Wa3al + 143, W3alb, T2 + 195 + 4225, Ula3 + 10253, N1a2, U7a + 12373 and T2e2. Further
other lineages included in this category are: (U7b + 16309!, T2d1a, W6, T2b, , and K1alb2a
(Silva et al., 2017). This time (=12 Kyr BP) also corresponds with the expansion of indigenous
(autochthonous) lineage across the south Asia.

2.6.2.2.3 Neolithic Arrival

Neolithic (last stage of the stone tool) is associated with the spread of agriculture along with
significant migration with genetic consequences and language replacement. Southwest Asian
crops from the Fertile Crescent are the founder of the earlier crops present in South Asia (Fuller,
2007; Kingwell-Banham, Petrie, & Fuller, 2015). These putative Neolithic lineages entered to the
South Asia at =9.5Kyr from Anatolia, the Caucasus and Iran (Silva et al., 2017). Over the time
distinctive nested south Asian specific branch are present in these lineage (3.4% frequency):
H13a2a + 8952, HV14 + 150, Ula3a, K2a5 + 2831, X2 + 153! + 7109 and K2a5 + 2831+ 189. The
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earliest Neolithic sites, on the Indus Valley around Mehrgarh in Baluchistan, date to before 9 Kyr
BP (Jarrige J-F, 2006; Petrie, 2015).

2.6.2.2.4 Bronze Age arrivals

As discussed in the above section, Bronze Age arrivals was most probably responsible for the
spread of Indo-European language in South Asia. However, mtDNA study showed most of the
genetic influx was restricted to Pakistan. Gene flow in Bronze Age are represented mainly by the
lineages

1) From west to south Asia: H29 + 9156 + 4689, R2a + 7142 and Ulala2a. (Silva et al., 2017).
2) Form South Asia to West: M5a2a4, U2clb + 146 and M3alb + 13105 (Silva et al., 2017).

Recent study based on GW concluded that two major founding populations; Ancestral South
Indian (ASI) and Ancestral North Indian (ANI) involved in a major mixing in between 1,900-4,200
years BP resulting into the contemporary admixed Indian populations (Moorjani et al., 2013).
These mixing events between the highly differentiated populations brought a major profound
change characterized by the de-urbanization (people move from urban areas to rural areas) of
the Indus civilization (Harappan civilization) causing the increase in population density, most likely
introduction of Indo European language and Vedic religion in India and Nepal.

2.6.2.2.5 Peopling of Nepal
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mitochondrial genomes

Genetic Variants in
EPAS1 Contribute to
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Altitude Hypoxiain

Unravelling the distinct
strains of Tharu ancestry

» mtDNA study on Tharu

Long-term genetic stability
and a high-altitude East
Asian origin for the peoples

» 246 individual from

from Butwal (10) and

of the high valleys of the

Sherpas. Kathmandu (n=200) Tulsipur (20), Morang. Himalayanarc
» Samples belong to and Eastern Nepal » Other sample included » mtDNA study on 8 ancient
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> study based on HVRI and Khumbu region of Nepal and
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complete mtDNA sequences Tibet). 89 complete mtDNA

(Gayden et al., 2013). sequences (Bhandari et al.,
2015).

Figure 2.6 | Timeline of the major studies in human evolutionary genomics related to Nepali population.
Only a few number of studies are conducted so far on the Nepali populations regarding the past human
origin/movement.

The geographical location of Nepal is located at the Historical crossroads of the major cultural
event in Asia, the Middle East, Central Asia and Europe. Majority of the East Asian lineages
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observed in the Nepali populations were also found among the Tibetans (Wang et al., 2012),
Similarly, another study (Gayden et al., 2013) proposed a higher proportion of East Asian
component among the Tamang whereas Newar and Kathmandu contains both East and South
Central Asian lineages (Gayden et al., 2013; Wang et al., 2012).

Although highly debated, many studies claimed the Paleolithic colonization and Neolithic
expansion of modern humans on the Tibetan Plateau. The first wave of migration reached the
Tibetan plateau in between 18-30 Kya (upper Paleolithic) followed by the second major (distinct)
wave of migration around 7-10 Kyr ago. This was followed by the rapid population expansion
along with the establishment of farming and Yak pastoralism on the plateau in the early Neolithic
(Xuebin Qi et al., 2013). Previous studies indicated a recent gene flow from East Asia to Nepal
across the Himalayan mountain range =6 Kyr ago (Gayden et al.,, 2013; Wang et al., 2012).
Similarly, Nepal could be inhabited during the initial peopling of South Asia, because of presence
of several deep-rooted south Indian lineages, including M2 (50Ky), R (50Kyr) and U2 (40Kyr)
(Gayden et al., 2013). However, these studies claims were based on the analysis of HVR region of
mtDNA, which needs to be analyzed further based on complete mtDNA phylogeny.

2.7 Adaptation to the Local environment

As the Early Modern Human migrate into the different parts of world, they are exposed to the
different local environment. The Geographic distribution of genomic signature in several modern
populations was established relatively late in Human history (Allentoft et al., 2015). Human skin
pigmentation shows a strong positive correlation with the ultraviolet radiation intensity. Those
population which settled near the equator have comparatively a darker skin to protect against
the skin damage and photolysis. Whereas those population at the higher latitudes, receives lower
reduction in the exposure of the sunlight (that means lower vitamin D production) has a lighter
skin. These facts suggest that variation in skin color might be due to the adaptation via natural
selection. As the population move into higher latitude from Africa, several genes including
SLC24A5, SLC45A2 and MC1R might have under gone selection which might favor the diminished
number, size and density of melanosomes resulting in a lighter skin pigmentation (Lamason et al.,
2005; Norton et al., 2007).

Similarly, the population living in the higher altitude regions such as Tibet, Nepal, Ladhak (India),
shows decrease in the red blood cell production, which might be due to the adaption via natural
selection in response to the low oxygen environment, also termed as Hypoxia. Several genomic
studies in the past has suggested these changes in population is driven by the alteration in the
allele frequency mainly in the two genes involved in the hypoxia response pathway: EPAS1
(Endothelial PAS Domain Protein 1) and EGLN1. The EPAS1 gene, also called as HIF2A, provides
instructions for making a protein called hypoxia-inducible factor 2-alpha (HIF-2a). HIF-2 a is a
subunit of a protein complex called HIF, which plays a critical role in the body's ability to adapt to
changing oxygen levels. HIF controls several important genes including a hormone called
erythropoietin, which regulates red blood cell production. These proteins are constantly
produced in our body. When the level of oxygen is normal HIF-2a are targeted by other proteins
and are degraded, so it does not build up. Likewise, when the level of oxygen decreases below
normal (hypoxia), HIF-2a is degraded at a slower rate. This results in the increase in the availability
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of HIF and hence stimulates the formation of new blood vessels and the production of red blood
cells. These activities help maximize the amount of oxygen that can be delivered to the body's
organs and tissues. Studies suggest that the EPAS1 gene is involved in the body's adaptation to
high altitude. At higher altitudes, such as in mountainous regions, air pressure is lower and less
oxygen enters the body through the lungs. Over time, the body compensates for the lower oxygen
levels by changing breathing patterns and producing more red blood cells and blood vessels.
Tibetan populations living in the high altitude are believed to have adapted hypoxia environment.
EPAS1 gene is among the several gene believed to have undergone selection in the Tibetan
populations. Tibetan populations living in the high altitude do not show markedly elevated red
blood cell production thereby avoiding high blood viscosity creating cardiovascular risk (Beall et
al., 2010; Bigham et al., 2010; Simonson et al., 2010; Yi et al., 2010).

EDAR gene is involved in the development of hair follicles, teeth and sweat glands. This gene
harbors a nonsynonymous single nucleotide polymorphism (SNP) (rs3827760) that results in a
valine to alanine substitution at position 370 of the amino acid sequence (V370A). Positive
selection on the EDAR gene resulted into the higher frequency of 370A among the East Asians
and the Americans. Phenotypically, 370A is associated with the thickness of the hair. The positive
selection on EDAR gene acted prior to 10,000 years ago. List of several genes under selection,
genomic as well as functional evidence for selection are provided in the Table 2.1 (Bersaglieri et
al., 2004; Cook et al., 2009; Enard et al., 2009; Enard et al., 2002; Ge et al., 2012; Grossman et al.,
2013; Grossman et al., 2010; Hamblin & Di Rienzo, 2000; Kamberov et al., 2013; Miller, Mason,
Clyde, & McGinniss, 1976; Perez-Morga et al., 2005; Simonson et al., 2010; Udpa et al., 2014).

2.7.1 Detecting Natural selection

Genome wide scan of sequence variations is considered to be a powerful tool to detect the
molecular signatures of selection in the population (Nielsen et al., 2017).

Selective sweep: As a result of strong positive natural selection, prevalence or rise in frequency
of a new beneficial mutation will occur in a population, thus the linked nearby alleles (hitchhiker
variants) of the beneficial allele will also rise in frequency. Such as a neutral allele, which is linked
to adaption will increase in frequency (in some case, until they become fixed in population), at
the same time other non-advantageous allele (ancestral) will fall in frequency (in some cases until
the extinction). Due to selection acting on an allele in one population but not in another creates
a marked difference in the frequency of that allele between the two populations, which
ultimately cause the increase in wright’s fixation index (Fs:) between the populations. Wright’s
fixation index is the most commonly used metric for population differentiation, which compare
the variance of allele frequencies within and between the populations. FST has a central role in
population and evolutionary genetics and has wide applications in fields that range from disease
association mapping to forensic science (Holsinger & Weir, 2009). High value of Fs indicates a
stark differentiation between the populations, which is suggestive of directional selection.

Composite method simultaneously integrates information from multiple signals of selection. Such
as the cross-population composite likelihood ratio (XP-CLR) simultaneously integrates/models
the signal of selection from the multi-locus test of allele frequency differentiation between the
two population as a function of selection intensity and the genetic distances between the
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Beneficial/causal allele and neutral markers surrounding the target region. The XP-CLR extends
Fst to many loci and identifies genetic regions in which change in allele frequency over many sites
occur too quickly(Chen, Patterson, & Reich, 2010).

Table 2.1 | Using selection scans to study human evolution.

Gene Population(s) Genomic Functional Putative adaptive role References
under evidence for evidence
selecti selection
on
FOXP2 All (selection Accelerated = Mouse transgenic Affects developmentof  (Enard et al., 2009;
predates out-of- evolution in corticobasal ganglia circuits; Enard et al., 2002)
Africa coding region, thought to be involved in
migration) D,H mechanics of speech
LCT Northern EHH, iHS; Fst Human association Confers lactase persistence; (Bersaglierietal.,
Europeans, East analysis study; in vitro allows digestion of lactose  2004), (Cook et al.,
Africans lactase expression into adulthood 2009)
(pastoralist assay
societies)
EDAR East Asians and CMS Human association Affects morphology of hair, (Grossman et al.,
Native, study; mouse  sweat glands, and mammary 2010), (Kamberov
Americans transgenic glands etal., 2013)
TLR5 = West Africans CMS In vitro assay of NF- Modulates immune (Grossman et al.,
KB pathway response to bacterial 2013) ,(Grossman
activation flagellin etal, 2010)
DARC African Fst Human association Heterozygosis reduces (Hamblin & Di
populations in study susceptibility to malaria Rienzo, 2000),
malaria- (Miller et al., 1976)
endemic regions
APOL1 African CMS Invitro assay of = Modulates susceptibility to = (Grossman et al.,
populations in response to trypanosomiasis 2010), (Perez-
trypanosome- trypanosome Morga et al., 2005)
endemic regions invasion
HBB African LRH LRH Human association Heterozygosis reduces
populations in similarity study susceptibility to malaria
malaria-
endemic regions
EPAS], Tibetans iHS, XP-EHH Human association Selected variants decrease = (Ge et al., 2012),
EGLN, study hemoglobin concentration =~ (Simonson et al.,
etal. and modulate hypoxia 2010)
response
SLC24 Europeans Fst analysis,XP- Human association Decreases melanin (Cook et al., 2009)
A5, EHH, CMS study; in vitro pigmentation in skin
SLC45 assay of
A2 melanocyte
cultures; zebrafish
transgenic
CBARA Ethiopian- LSBL, iHS, XP- Human association Selected variants decrease (Udpaetal., 2014)
1, highland EHH study hemoglobin concentration
VAV3, populations and modulate hypoxia
etal. response
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3 Materials and methods

3.1 Ethics Statement

The current study was approved by the Nepal Health Research Council (Kathmandu, Nepal)
(Appendix L). The protocol was explained to each individual and an informed consent written in
Nepali was obtained by either signature or fingerprint if the subject could not write.

3.2 Sample collection
3.2.1 Nepal

5ml of blood samples were collected from 186 healthy male individuals from Nepal belonging to
Maharjan (n=100), Shrestha (n=36) and Newa-mix (50). Sample from Various sub caste of Newar
were collected from Kathmandu valley, Bhaktapur and Banepa. Genomic DNA of healthy male
individuals belonging to Brahmin (n=48) and Magar (n=36) were obtained from CCMB lab (The
Centre for Cellular & Molecular Biology, Hyderabad, India). Magar and Brahmin sample were
previously collected from Tanahun district of Nepal (Figure 3.1). Genealogical information of
sampled individuals was recorded for at least 2 previous generations to carefully choose blood
unrelated individuals. The individuals were healthy and unrelated as recognized by the personal
interrogation. All ethical guidelines were followed as stipulated by Nepal Health and Research
council (NHRC). All the study protocol was approved by review board of NHRC, Nepal. The
information about the ethnic population, sample size as well as the sample location are
summarized in the Table 3.7. For more information about the Newa caste included on the group
“Newa mix” see Table 8.5 (Appendix G).

Along with the Maharjan (MHJ), Shrestha (STH), and Newar mix (NMIX), unpublished raw ABI
sequenced file (CCMB and CDBT) belonging to Manandhar (93), Udaya (58), Bajracharya (20) and
Shakya (19) populations were also included and reanalyzed in this study. Previously study (M.Sc.
thesis) on Newar sub caste was carried out by (Awasthi N., 2014) (Newa sub caste included:
Udaya, Shakya and Bajracharya) and (Pradhan 1., 2014) (Newa sub caste: Manandhar). These
unpublished raw sequences were included to reanalyze the mtDNA sequences according to the
updated mtDNA phylogenetic tree Build 17 (Phylotree.org — mtDNA tree Build 17, 18 Feb 2016)
(van Oven & Kayser, 2009). PhyloTree is the reference for worldwide phylogeny for mtDNA
studies, and its latest update has recently been released (Build 17, 18 February 2016). In total 460
sample belonging to 9 Nepali population where analyzed in this study.
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Figure 3.1 | Map of Nepal indicating approximate locations of populations used in this study. In the map
T (Tanahun), K (Kathmandu), Kv (Kavrepalanchok) and L (Lalitpur) indicates the name of the district from
where the sample was collected. Similarly, Name of the sample and their corresponding districts are also
shown in the the map. Likewise, letter A (Kathmandu/KTM), B (Lalitpur), C (Bhaktapur) and D (Tanahun)
represent the name of the district.
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3.2.2 India

To dissect the matrilineal lineage and to understand the genetic adaption of people living in high
altitude regions, 220 stock gDNA (genomic DNA) of healthy male individuals belonging to Ladhak
and North India were obtained from CCMB lab. The samples from the Ladhak (Figure 3.2) and the
Nepali (Figure 3.1) populations, was combined to perform the correlation study between altitude
and the genotyped variant of the Epas1 gene.

Central Asia
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adhak Tibet
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Figure 3.2 | Map of the Asia indicating approximate geographic location of the population used in this
study. The star shape in the map shows the approximate geographic location from where the samples
were collected. 96 samples (male individual) were collected from the general population of Ladhak, 96
belonging to Changpa Tribe and 46 sample from North India.

3.3 Reagents
3.3.1 Following reagents were prepared and sterilized.

1. Reagent A (Lysis buffer 1)
Lysis buffer 1 was prepared by adding the following reagents:

a. Sucrose 109.54 gms (320 mM)

b. 1M MgCl2 5.0ml (5 mM)

c. Triton X 10.0 ml (1% Triton X 100)

d. 1M Tris-HCI (pH-8) 10.0 ml (10mM)

Total volume was made up to 1000 ml by adding autoclaved double distilled water
(DDW). The solution was then autoclaved.

2. Reagent B (Lysis buffer 2)
Lysis buffer 2 was prepared by adding the following reagents:

a. 1M Tris-HCI (pH-8) 40 ml (400mM)
b. 0.5M Na-EDTA 12 mi (60mM)
c. 1M NacCl 15 ml (150mM)

Total volume was made up to 95 ml by adding autoclaved DDW (Double distill water).
After autoclave 5 ml of 20% SDS (1%) was added to the above solution.
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3. ReagentC
5 M Na-per chlorates (E. Merck, Darmstadt, Germany) of 100 gms was added and then
DDW was added to make a total volume of 142 ml. The solution was not autoclaved.

4. TE-Buffer
a. 1M Tris-HCI 1.0 ml (10.0mM)
b. 0.5 MEDTA 0.2ml (ImM)

TE buffer was prepared by adding the above reagents and DDW was added to make a
final total Volume of 100 ml.

5. Tris Saturated Phenol: Following reagents were added to prepare Tris saturated phenol:
Phenol, 0.1% 8-Hydroxy Quinoline, 0.5 M Tris HCI (pH 8.0), 0.1 M Tris HCI (pH 8.0).

6. Chloroform: Isoamyl alcohol (24:1) 24ml of Chloroform was added to 1ml Isoamyl
alcohol.

7. 20% SDS: 20g of SDS was dissolved in 80ml DDW at 65°C. The final was volume made

up to 100ml.

80% Ethanol: was prepared by adding 80ml of absolute alcohol in 20 ml DDW.

9. 10X TAE Buffer: 48.4g Tris base, 20ml 0.5M EDTA (pH 8.0), 11.402ml glacial acetic
acid was mixed and volume was made up to 1 liter.

10. 6x loading Dye: 0.125g of Bromophenol Blue, 0.125g of Xylene Cyanol FF, 15 ml of
glycerol. Diluted with DDW to make up volume to 50ml.

11. 10X TBE Buffer: weighed 108g Tris base, 7.44g EDTA, 55¢ boric acid and added DDW
to make volume to 1 liter, pH was adjusted to 8.

12. Ethidium Bromide: 10mg of Ethidium Bromide was added in 1 ml DDW. The solution
was then stored in dark bottles.

®

3.3.2 Reagents used for PCR, plate processing and sequencing

a) 10X PCR Amplification Buffer: 500mM KCl, 100mM Tris (pH 8), 15mM MgCl2, 0.1% gelatin.

b) 25mM MgCl2, 2.5mM dNTPs, Primers 10ng/ul, Taq Polymerase (1 unit)

c) ExoSAP

d) Big Dye ™, 50% HiDi Formamide, 70% ethanol.

e) 3M Sodium Acetate: Dissolved 24.612g of Sodium Acetate in 80mI| DDW, pH was adjusted
to 5.2 with conc. HCI

3.4 DNA Isolation

Each blood sample was subjected to DNA isolation using standard protocol. Erythrocytes were
lysed with 20 mL of erythrocyte lysis buffer (10 mM Tris pH 8.0, 320 mM sucrose, 5 mM MgCl2,
1% Triton X-100; Sigma Chemical Company, St Louis, Mo) for 5 minutes. After complete lysis of
erythrocytes, leukocytes were pelleted by centrifugation at 3000rpm for 10 minutes. The
leukocyte pellet was dissolved in 2.5mL of leukocyte lysis buffer (400 mM Tris, 60 mM EDTA, 150
mM NacCl, and 1% SDS; Sigma) and mixed thoroughly. To this, 5 M sodium perchlorate (%™ of the
volume of reagent B) (E. Merck, Darmstadt, Germany) was added and mixed thoroughly for 2—3
minutes. DNA was precipitated after extracting once with phenol: chloroform and once with
chloroform. DNA was washed with 70% ethanol and dissolved in TE buffer (10 mM Tris pH 8.0, 1
mM EDTA). Detail protocol used for the isolation of DNA from Blood is given as below.

a) To the blood samples (5ml), four times the volume (20ml) of reagent A was added in a
polypropylene tube. The tube was then mixed gently.
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b) Samples were then centrifuged at 3000 rpm for 10 minutes to obtain the pellet free from RBC.
The supernatant containing lysed RBC was discarded carefully.

c) The pellet was disturbed thoroughly and half the volumes (2.5ml) of reagent B was added.
After adding reagent B, falcon tube was mixed thoroughly and gently inverted for 3-4 minutes
to get viscous solution.

d) Then, reagent C (% of the volume of reagent B) was added and mixed gently for 3-4 minutes.
Equal volume (as that of regents B+C) of Tris-saturated Phenol: Chloroform was added and
mixed well and centrifuged at 3000 rpm for 10 minutes. This separate the solution into three
layers viz., aqueous layer, protein layer, and solvent layer.

e) Aqueous layer was carefully transferred into other centrifuge tube using a broad mouth tip
(protein layer should not be disturbed). Equal volume of Chloroform was added to the
supernatant. And mixed gently for a minute and centrifuged for 2500 rpm for 5 minutes.

f) Aqueous phase was transferred into a fresh tube and 2 volumes of ice-cold (chilled) Isopropyl
alcohol was added to precipitate DNA.

g) DNA lump was spooled out in a new Eppendorf tube and the alcohol was discarded. DNA was
washed twice with 70% ethanol and short spin was given to remove the alcohol. Pellet was
dried completely and 50-100ul of TE buffer was added. The stock DNA was then stored at 4°C.

3.4.1 DNA dilution

Concentration of stock DNA was measured by using Nanodrop Spectrophotometer (Thermo
Scientific™ NanoDrop™ spectrophotometer). Final dilution was made to 10 ng/ul for all samples
by adding required volume of Mili-Q water. Working dilution was then run on 1% Agarose gel for
final confirmation. Genomic bands were visualized under Gel Documentation System (Figure 8.2)
(Model GGS 12/D-E Gene. Genius Classic, Syngene, UK).

3.4.2 Agarose gel electrophoresis (1%)

1.2 g of Agarose was dissolved in 120ml of 0.5X TAE buffer in a conical flask and was boiled to
dissolve Agarose completely. 2ul of ethidium bromide was added from stock solution. Gel was
cooled down to 60° C and then poured onto a gel tray and was allowed to solidify. A standard
DNA sample of known concentration was also loaded along with the samples to quantify DNA
and electrophoresis was carried out at a constant voltage of 80V. As the sample run halfway of
the gel, the gel was observed under ultraviolet light of UV trans-illuminator of gel doc (Figure
8.3).

3.5 Primer Design
3.5.1 Mitochondrial DNA primers

24 pairs of PCR primers were designed to amplify the whole mtDNA genome. 24 different set of
overlapping primers were ordered and obtained from Bio serve India.

28



Materials and methods

Table 3.1 | 24 sets of primers used to amplify complete mtDNA. 24 pairs of PCR primers were used to
amplify the complete/partial mtDNA genome. Each fragment of =600bp was amplified independently.

Len Len Len
ID |[Seq5'-3' gth [ID |[Seq5'-3' gth |ID [Seq5'-3' gth
1F |ctcctcaaagcaatacactg 20(9F |gaggcctaacccctgtcttt 20(17F |Tcactctcactgcccaagaa 20
1R [tgctaaatccaccttcgacc 20(9R |attccgaagcctggtaggat  20|17R |ggagaatgggggataggtgt 20
2F |cgatcaacctcaccacctct 20|10F |ctcttcgtctgatccgtect 20|18F |Tatcactctcctacttacag 20
2R |tggacaaccagctatcacca 20|10R |agcgaaggcttctcaaatca  20|18R |[Agaaggatataattcctacg 20
3F |ggactaacccctataccttctge 23|11F |acgccaaaatccatttcact 20|19F |aaacaacccagctctccctaa 21
3R |ggcaggtcaatttcactggt 20(11R|cgggaattgcatctgttttt 20(19R |Tcgatgatgtggtctttgga 20
4F |aaatcttaccccgectgttt 20|12F |acgagtacaccgactacggc 20|20F [Acatctgtacccacgccttc 20
4R |aggaatgccattgcgattag 20|12R |tgggtggttggtgtaaatga 20|20R |Agaggggtcagggttgattc 20
5F |tacttcacaaagcgccttce 20|13F [tttcccectctattgateee 20(21F |Gcataattaaactttacttc 20
5R |atgaagaatagggcgaaggg 20|13R|gtggccttggtatgtgcttt 20(21R |Agaatattgaggcgccattg 20
6F |tggctcctttaacctctcca 20|14F |cccaccaatcacatgectat 20|22F [Tgaaacttcggctcactcect 20
6R |aaggattatggatgcggttg 20|14R [tgtagccgttgagttgtggt 20|22R |agctttgggtgctaatggtg 20
7F |actaattaatcccctggecc 20|15F [tctccatctattgatgagggtct 23|23F [tcattggacaagtagcatcc 20
7R |aatggggtgggtttigtatg 20|15R |Aattaggctgtgggtggttg  20|23R |gagtggttaatagggtgatag 21
8F |ctaaccggctttttgecc 18|16F |Gcceatactagtctttgeege 20(24F |caccatcctccgtgaaatca 20
8R |acctagaaggttgcctggct 20|16R|Ttgagaatgagtgtgaggcg 20|24R |aggctaagcgttttgagctg 20

3.5.2 Primer for EPAS and EDAR gene

The sequence for the specific SNP of interest were obtained from the Ensemble website
(http://asia.ensembl.org). The Primers to amplify the specific SNP of a particular gene was then
designed by using Primer3plus software. Following primers were used to amplify the specific
target region of the EPAS and EDAR gene.

Table 3.2 | List of Primers used for EPAS1, and EDAR gene. 3 sets of primers were used to amplify the
targeted variant SNP of EPAS1 gene. Similarly, one set of primer was used to amplify the EDAR gene.

rs1868092 (G>A)

Gene SNP position Primer | Seq text (5°-3”) Length
TCCCTCCTCCTTTTTGTTCA 20

EpAsy | 1513419896 (G>A) TTCCCTTGACCATCTTCCTG 20
TGCTGGTGGCTCTTATTTCC 20

AGGTCTGCTCACAAGCAGGT 20

rs150877473 (C>G)

GGCTGCCAAGAAAAACTGCA 20

CCCACAGCATACACACCCAT 20

EDAR rs3827760

(A>G) / (T>C)

TCTGCACACAAGGACTCCAC 20

A MomAom|olm

GCGTTCTAGGTGTCGTTTGC 20

Detail information about the location of the SNP in the chromosome, allele frequency and target
sequence are given below. The highlighted and underlined portion in the sequence indicates the
Forward and Reverse primer respectively. Similarly, the R/S indicate the location of the major
variant SNP. MAF indicate Minor allele frequency.
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A. Gene: EPASLI (Endothelial PAS domain-containing protein 1)

1. SNP:rs13419896
Allele: C/G |Ancestral: C | MAF: < 0.01 | (G)|Highest population MAF: 0.18 (A)
Location: Chromosome 2:46329206 (forward strand)
Target Sequence:

ATTCCCTGTICCCTCCTCCTTTTTGTTCATAAAAAAAATTATTTTTTTCCAAATAAGCAAAATGGAGTCAAACTTTG
CATCCTCAAAATGTATGAAGTAAACATTATTCCTAATGAGCCTCTGGGAAAGTGCTCACCTTTGAACTTGGCCAA
GGATTATGCAGCAAAGAAAAAGTCTTAAGAACTTGATAGAGTGTTAGAGCTTCCTGGGTTTTTAAAGTCAAGTTG
CATATTACATTTCTTTTCCTTAATAGGGGCATTTCCAGAAACCCTTCCTGGTTGAGTAGGCCAGTGTCTGAAAGTG
AAGCRCTAGGATTGGTTACTGACTCTGGTTCAGGGATTGTCATCTGGGTGCGAGGCAACCACAGGGTAGGAGGCA
CCATTGCTAGAATGCTCTTTCTTTCCTAGGACTCAGCACCTATGCCGACAGTCCTTGCAAGACAGGAGGGGAACG
TGTAGGCTATCCTATTTATGGTAAGGGGAGGCCTATGGAAAAACAGGAAGATGGTCAAGGGAAGCTGGC

2. SNP: rs1868092
Allele: G/A |Ancestral: GIMAF: 0.24 (A)|Highest population MAF: 0.50
Location: Chromosome 2:46387063 (forward strand)

Target Sequence:
GATCCTACCACTIGCTGGTGGCTCTTATTTICCTGTGGATTTATCATGGGCTATGCCAATGTAAAGTGAAGTATTAA
GTCGTTCATATAAATTGAACATTAGCACAGACCTTTATGAGACTACTGAAGTGAGCTGATAAGACTGGTGAAGG
AAAGACTGTGTTAAATACTTGGTAGTTGCCTAAGTCTGAAAATTCATATTGTATCTTCCATATTTCTGCAAGTAT
TTTTCTATCTATCTATCTATGTGCCTCGGGGCCATTTTTTGTATCCTATGGGGAACCCAAGGAAAGAAGTCATGG
TCTCTGCTTTCAGAAAATTACATGAAGTCGTTTGAGAGCCACACTGTTCTGTATATTCACATAGTGCACTTTGRG
ATGGAGGTCCCGAAGGGAAAGGGGCAGCCTGGGCATTAGGACTTCAATTTGGAGGCGGCTGGGCTGGAGTAGG
GTCTTCCCAGGTAGACTGTGATTGGGAAGAGCAGAGATCCCCTCGGCCAGAGACAGAGCACAGTGAAAGCCCA
GAACTGGACATGAGCATGATATGTTCCCCAATTCAAATTTCACTTTTCCAGATCATGACCTGCTTGTGAGCAGAC
CITTGTCTCCATGGAGAGATGGGGGCAAGGGGAGAGACCGTGCAGCAGCCTGCGCTC

3. SNP: rs150877473
Allele: C/G |Ancestral: C | MAF: < 0.01 | (G)|Highest population MAF: 0.03
Location: Chromosome 2:46360880 (forward strand)

Target Sequence:
AGAGAGCAGATATTTGGAAAATATAAACAATAGGCTGCCAAGAAAAACTGCAGCTGGGCCCCTCTCATGAATA
TCCATATAAAACTGACTTCAGCTGGTTCTTCCCATCCTTCCACATCCAGGCTCTGGTTTTGGGAAAAAAAGCAAA
GACATGTCCACAGAGCGGGACTTCTTCATGAGGATGAAGTGCACGGTCACCAACAGAGGCCGTACTGTCAACCT
CAAGTCAGCCACCTGGAAGGTAGGGCAACATCAGGCCTGGGTTGGAGTCCCAGGTGTAGGGTAACGGCGGTGC
AGGGGATGCCTAAGGCCCTACCCCCACCCCCAGCACTCTCGGCTCCATGTCTGACCCTTCCACGCCTGTSTCAGG
TCTTGCACTGCACGGGCCAGGTGAAAGTCTACAACAACTGCCCTCCTCACAATAGTCTGTGTGGCTACAAGGAG
CCCCTGCTGTCCTGCCTCATCATCATGTGTGAACCAATCCAGCACCCATCCCACATGGACATCCCCCTGGATAGC
AAGACCTTCCTGAGCCGCCACAGCATGGACATGAAGTTCACCTACTGTGATGACAGGTAGGGGGCCATGGGTGT
GTATGCTGTGGGCAGAGATGGGTCTTACCTGTGTGTG

B. Gene: EDAR (Ectodysplasin A Receptor)
SNP: rs3827760
Allele: A/G |Ancestral: AIMAF: 0.24 (G)|Highest population MAF: 0.49
Location: Chromosome 2:46360880 (forward strand)

Target Sequence:
GCCCGCCCACTCCAGTATGICTGCACACAAGGACTCCACAGCATCCAGCCGCTCAATCTGCACCAGTTTTGTGA
GTAGCTCAGGGATGCTGTAGCCTGCCGTGCTGATGCGGTCAAAGAGTTGCATGCCGTCTGTCATGCCCCCAATCT
CATCCCTCTTCAGGCCGAAGCTCTCGGCGAGGTGGCGCCACGTTTTCACARCAGCCTTCTCAGAGTTGTACGTGG
AGCTGAGCATTCGGCTAGTCTTCTCGAGGCAATCAAATGGCAGCTCCGTGGGGCTAAGACCTACAGACACCAAT
GGCCACAGTTAGATGTTGCAAGTCACAGTCAATAGAAGGTCAACACTGAAAAATTATTTAAATGAAATAAAAAT
TATTTGAAAAAAATTTTTTTAAAATTATAAAACATGCAGAAAGCCACCTAAAACAAATGCATAACTTAAGGCAA
ACGACACCTAGAACGCTGCCAGCCACAAGAGAGGGCTGTGCATGTACCCTGACCCCGGTAATAGCCCCTTCCCC
ACTAGGAAAATGACTGCTATATTGACAATGATAATAATTCCCTCATGACCATTTTTAG

The adaptive variant 1540T>C of EDAR gene in exon12 was genotyped by PCR-direct sequencing
using the above-mentioned primer.
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3.6 Protocols for PCR

DreamTaq Green PCR Master Mix (2X) is a ready-to-use solution containing DreamTaq DNA
Polymerase, optimized DreamTaq Green buffer, MgCl2, and dNTPs ("ThermoScientific DreamTaq
Green PCR Master Mix (2X)," 2016). A master mix was prepared in a 1.5ml Eppendorf tube and
then equally dispensed into the 96 well plate containing 1-1.2 pl of the DNA template of the
individual samples. Concentration of DNA for each sample was 10 ng/ul. PCR was carried out in
Veriti Thermal Cycler (Applied Biosystems). Stock concentration of Primers was made to 100
pmol/ pl. Later these stocks were subjected to 1:10 dilutions for working stocks (10 pmol/pl).

Table 3.3 | PCR ‘reaction mix for the, mtDNA, EGLN, EPAS1 and EDAR

Template Concentration of | Concentration of

DNA used |PCRmaster| Forward Primer | Reverse Primer
S.N. (10 ng/ul) mix (10 pmol/pl) (10 pmol/pl) Milli-Q Total
Forsingle sample| 1-1.2 pul 5ul 0.15ul 0.15ul 3.5u 10 pl

Table 3.4 | PCR conditions used in this study.

Steps Stage Temperature (Time No. of cycle
1 Initial Denaturation 95°C 5min
Denaturation 95°C 1min
2 Annealing 52-58°C 30sec 35cycles
Extension 72°C 2 min
3 Final Extension 72°C 7 min
Hold 4°C oo

3.6.1 Agarose gel electrophoresis

PCR products were electrophoresed at 120V in 2% agarose gel. The PCR products (=650 bp in size)
were then visualized under Gel Doc (Figure 8.3). On obtaining a single band devoid of any primer-
dimer bands the PCR products (650 bp) were proceed for purification using EXoSAP enzyme
followed by Sequencing.

3.6.2 ExoSAP (Exonuclease Shrimp Alkaline Phosphatase) Treatment

The end product of PCR contains unwanted amplicons, DNA template, extra dNTPs, non- specific
molecules and primers that obstruct the sequencing result. So, in order to obtain pure amplicons,
the PCR product were purified using ExoSAP. Exonucleases degrades single stranded DNA i.e.
extra primers. Shrimp alkaline phosphatase then removes phosphates from dNTPs, so that they
cannot be used to synthesize again. Protocol: 0.8-1pl of PCR product was transferred to a 96 well
sequencing plate using multi-channel pipette. 1ul of ExoSAP was added in every sample with the
help of repeater. Then ExoSAP reaction was carried out in PCR machine by using following PCR
conditions.

Table 3.5 | ExoSAP conditions used in the present study. ExoSAP enzyme was kept in -20° C before and
after use.

Incubation enzyme inactivation |Hold
37°C for 15-20 min |80°C for 15-20 min 4°C
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3.6.3 Sequencing PCR

ExoSAP purified samples are then proceeded for DNA sequencing with either forward or reverse
primer. A master mix was prepared in a 1.5ml tube and then dispensed equally into the
sequencing plate containing ExoSAP purified PCR amplicons. Sequencing PCR was performed on
a ABI Prism 3700 DNA Analyzer (Applied Biosystems).

Table 3.6 | Reactions mix and conditions for sequencing PCR.

Requirement Volume(pl)|Steps Conditions Cycle
Big Dye™ 1.8 1 96°C for 10 secs
Primer forward/re]  0.075 2 55°C for 6 secs 35
Mili Q 2.13 3 60°C for 4 min
DNA (10ng/ul) 0.8 4 4°Chold & end

3.6.4 Processing of the sequencing PCR product

In this final step, dye bound amplicons were precipitated by removing unbound dye and unused

primers

a. 3ml of absolute alcohol was added to 120ul of 3N sodium acetate (pH 5.2) in a tube.

b. The tube was mixed thoroughly. 25ul of the above mixture was added in each well of the
plate.

c. The plate was centrifuged at 4000rpm for 15/20 min in Eppendorf (5810R) centrifuge at
25°C.

d. The plate was then inverted to remove the supernatant. 100l of fresh 80% ethanol was added
to each well and again centrifuged at 4000rpm for 10min.

e. The plate covered by filter paper was inverted and a pop spin was performed for few seconds
at 750rpm to removed alcohol.

f. The plate was covered properly with fresh foil. At the time of sequencing, 10ul of 50%
HiDye™ formamide was added to all the wells.

g. The sample plates were kept and run in the ABI Prism® 3700 DNA genetic3 Analyzer (for
sequencing).

3.7 Screening of sample

PCR products were directly sequenced using BigDye™ Terminator V3.1 cycle sequencing kit
(Applied Biosystems) in ABI Prism 3700 DNA Analyzer following the protocol (as described above).
The mtDNA HVS-l (range: 16,038-16,462) and HVS-Il (range: 65—417) regions were first
sequenced using primer set 23 and 24. Several other coding region sites were sequenced to
define each individual within their respective mtDNA Hgs with minimum effort. After the
complete sub haplogrouping, samples belonging to interested Haplogroup were selected for
whole mtDNA sequencing. After the sequencing raw ABI sequences file were obtained. For better
understanding of the population under study, unpublished raw ABI sequenced files (CCMB lab)
belonging to Manandhar (93), Udaya (58), Bajracharya (20) and Shakya (19) populations were
also included in this study.
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3.7.1 Sequence alignment

In total, mtDNA sequences belonging to 695 samples were included for mtDNA analysis
(sequences for 508 individuals were newly generated, whereas sequences of 187 individuals were
obtained from lab).

Friday, November 03, 2017 3:27 PM
Project: m1.sqd

HVR2 Coding region HVR1
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Sample name Trimmed sequence Total sequence length

Figure 3.3 | Complete mtDNA representative sample (belonging to Sample-ID Maharjan 1) sequence as
seen in DNASTAR. In the above figure, Contig and coverage area for the sample belonging to Maharjan 1
are shown along with the 24 sets of overlapping sequences generated separately by using 24 different sets
of primers.

The mtDNA variants were identified by comparing the individual sequences with the rCRS. Higher
degree of care has been taken to ensure the high-quality data. For this all the recorded mutations
were re-confirmed by rechecking the electropherograms and/or resequencing the bad
sequences.
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Figure 3.4 | mtDNA sequence aligned with the revised Cambridge reference sequences. The sequences
were edited and aligned by DNASTAR (DNASTAR, Inc., USA) and mutations were recorded by comparing
with the revised Cambridge reference sequence.

Deletions observed in the sequences are indicated by a letter “del or d” after the deleted
nucleotide position (e.g., T15944d/del). Insertions are indicated by a dot (In some cases the dot
was replaced by letter “Ins”) followed by the position number and type of inserted nucleotide(s)
(e.g., 5899.1C for a C insertion at the first inserted nucleotide position after position 5899 and
5899.2C for a subsequent C insertion, and these are abbreviated as 5899.1CC when occurring on
the same branch). Polynucleotide stretches of unknown length were labelled as follows: example
of multiple insertion of nucleotide “C” at position 573 is indicated as 573.XC. Sample from Nepal
and Ladhak were used for two separate (independent) mtDNA studies.
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3.7.2 Haplogroup Assignment

The mtDNA variants were used to assign the Hgs to each sample by searching the variants
manually on the mtDNA phylogenetic tree Build 17 (Phylotree.org — mtDNA tree Build 17, 18 Feb
2016) (van Oven & Kayser, 2009). PhyloTree is the reference for worldwide phylogeny for mtDNA
studies, and its latest update has recently been released (Build 17, 18 February 2016).
Haplogrouping to each samples were also confirmed with the assistance of the software
Haplogrep version 2 (Kloss-Brandstatter et al., 2011) which performs automated mtDNA
classification using PhyloTree Build 17.

3.8 Data analysis
3.9 Part | (mtDNA)
3.9.1 Mitochondrial DNA data collection

To establish the genetic relationships between Newar, Brahmin, Magar and other Asian
populations mitochondrial Hgs data of present study where compiled with the previously
published mtDNA data from Nepal, Southeast Asia (Myanmar, Thailand, Vietnam, Malaysia), East
Asia, South Asia, Caucasus and Central Asia. For this study, more than 18,350 mtDNAs belonging
to 262 populations, were taken into account.
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Figure 3.5 | Map showing the Geographic locations of 262 Asian populations analyzed in the present
study. The Nepali populations (Newar, Brahmin and Magar) as well as the other Asian populations are
indicated by different colors respective to their geographic location/country. The latitude and longitude
in the map corresponds with the approximate geographical location of the sample. More details on the
sample, geographic location, and linguistic affiliation is given in the Figure 3.1 and Table 3.7

Several other populations from Siberia, Central Asia, Caucasus as given in Table 3.7 but not shown
in the Map (Figure 3.5) were also analyzed in the present study.

3.9.2 Molecular Diversity and Neutrality tests

Hg frequencies was calculated by simple gene counting method. Basic Molecular Diversity indices
of populations such as the number of haplotypes, polymorphic sites, transition, substitution,
transversions, haplotype diversity, nucleotide diversity (ND), mean number of pairwise difference
(MPD) and their corresponding variance were obtained based on the mtDNA HVRI sequence using
the program Arlequin version 3.5.2 (Excoffier & Lischer, 2010). Similarly, Fu's fs test (Y. X. Fu,
1997) and Tajima’s test (Tajima, 1989) of selective Neutrality were calculated using Arlequin. The
Nexus file format (.nex/.nxs) created based on the Hvrl sequences was used to perform several
analysis on Arlequin. Nei’s d genetic distances and AMOVA (Analysis of Molecular Variance) were
performed to evaluate the genetic structure of the populations, with the significance of variance
components tested with 10,000 permutations.

3.9.3 mtDNA Phylogeny reconstruction

The mtDNA phylogeny was constructed by evaluating both all previously available published as
well as unpublished complete mtDNA sequences and the complete mtDNA sequences generated
in this study, aiming at the most parsimonious solution and aided by the software mtPhyl (Eltsov
& Volodko, 2009) and Haplogrep (Kloss-Brandstatter et al., 2011). Mutations relative to the RCRS
are indicated on the branches. Sample ID for each sequences are shown in the box with colour
code. The colour are coded according to the geographic location of the samples. The accession
number/ the publication source form which the sample were retrieved are shown just below the
sample ID. Reversal mutations/Back mutations are suffixed by an exclamation mark (!). Recurrent
mutation is underlined. Insertions are indicated by a dot followed by the position number and
type of inserted nucleotide(s). Deletions are indicated by adding letter "d/del" after the deleted
nucleotide position. Insertions are indicated by a dot (In some cases the dot was replaced by
letter “Ins”) followed by the position number and type of inserted nucleotide(s) (e.g., 5899.1C for
a C insertion at the first inserted nucleotide position after position 5899 and 5899.2C for a
subsequent C insertion, and these are abbreviated as 5899.1CC when occurring on the same
branch). The highly variable site 16519, length variation in the poly-C stretches at nucleotide
positions (nps) 303-315 and 16184-16194 were not used during the phylogeny reconstruction. A-
C transversions at nps 16182 and 16183 were excluded because of their dependence on the
presence of the C-T transition at np 16189. Heteroplasmies, Transitions and Transversions were
not noted in the phylogeny. The number (1', 2'... n') corresponds to the reference for the analyzed
sample. The corresponding reference for each number (1', 2'... n') are provided in Appendix E .
While constructing the PhyloTree, Hg already predefined in the PhyloTree (Oven, 2015) are
shown in Red color, whereas the Hg Newly defined are shown in Black color.

36



Materials and methods

3.9.4 Principle component analysis (PCA)

PCA was performed, based on the frequencies of mtDNA Hgs using MVSP — A multivariate
statistical package for Windows, ver. 3.22 software (Kovach, 1999) (www.kovcomp.com). The
MVSP software package was used to identify the principal components (PCs) of mitochondrial
variations that lead to form a Hg for every individual. This experiment was repeated to confirm
the outcomes.

3.9.5 Median joining Network (MJN)

To analyze the detailed structure of the major mtDNA Hgs in Nepali population, median network
for major Hg were constructed manually using complete/Hvrl mtDNA sequences and checked by
the program NETWORK 5.0 (www.fluxus-engineering.com/ sharenet.htm).

3.9.6 Contour Maps

Contour maps of spatial frequencies of major Hg observed in the studied populations were
constructed using Golden Software Surfer 12.8 (Golden Software Inc., USA) with the Kriging
algorithm.

3.9.7 Time to the Most Recent Common Ancestor (TMRCA)

The coalescence age or TMRCA of a basal mtDNA Hg was estimated using the Rho (p) statistics
(Forster, Harding, Torroni, & Bandelt, 1996). Value of p was estimated with standard deviation
(o) as in Saillard et al (Saillard, Forster, Lynnerup, Bandelt, & Norby, 2000) using a mito- genome
clock of one substitution every 3624 years further corrected for purifying selection (one mutation
per 2,585 years for complete mtDNA genome) (Soares et al., 2009).

3.10 Part Il (High altitude adaptation study)

3.10.1 Subjects and genotype data

Table 3.7 | Information of the populations included for high altitude adaptation study.

Population Ef’r(;:l: Alt('r::;de Country Linguistic family SaSrian;Ie
Maharjan Newar 1400 Nepal Tibeto-Burman 98
Shrestha Newar 1400 Nepal Tibeto-Burman 36
Udaya Newar 1400 Nepal Tibeto-Burman 59
Shakya Newar 1400 Nepal Tibeto-Burman 19
Bajracharya Newar 1400 Nepal Tibeto-Burman 20
Manandhar Newar 1400 Nepal Tibeto-Burman 89
Newarmix Newar 1400 Nepal Tibeto-Burman 50
Magar Magar 1300 Nepal Tibeto-Burman 40
Brahmin 1300 Nepal Indo-European 48
Changpa Tibetan 4000 India  Tibeto-Burman 96
Ladhak 3000 India  MIX 96
North India 2000 Inda MIX 46
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For the correlation analysis between genotyped SNPs of EPAS1 gene and altitude, 695 samples
were included from various regions of India and Nepal. The population name/group, sample size,
geographic location, Linguistic affiliation and elevation/altitude of each population are indicated
in Table 3.7. To explore the signal of selection in Ladhak region, whole genome SNP data of 5
Changpa and 5 Tibetan refugee samples were utilized. Whole SNP data of these populations were
obtained from CCMB Lab. Fs: values between populations was calculated using Smart-PCA (Chen
et al., 2010).

3.10.2 Signal of selection

Cross population composite likelihood ratio (XPCLR) was calculated to score and extract the
genetic regions which are under natural selection (Chen et al., 2010). Since, XPCLR calculation
requires phased haplotype data; initially phasing was performed with Beagle ver. 3.3.2 (Browning
& Browning, 2007) and used haplotype of CDX (Chinese Dai in Xishuangbanna), CHB (Han Chinese
in Beijing, China), JPT (Japanese in Tokyo, Japan) and KVH (Kinhin Ho Chi Minh City) as reference
(http://hapmap.ncbi.nim.nih.gov/index.html.en). To calculate XPCLR, 0.02 centi-Morgan window
size, grid size 2000 base pairs was considered. Maximum number of SNPs in window is 50. The
Pearson correlation coefficient was calculated using basic package of R (Gentleman, lhaka, &
Bates, 2009). For correlation study, samples from Nepal and India were stratified into the groups
based on the altitude. P<0.05 was considered to indicate a statistically significant. Allele and
genotype frequencies were computed by the gene-counting method.

3.11General Overview of Methodology
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Figure 3.6 | General Overview of Methodology for mitochondrial and High altitude adaptation study.
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4 Results

4.1 Basic molecular diversity indices and demographic parameter

Table 4.1 | Diversity Indices and tests of selective neutrality based on HVRI mtDNA sequence.
Abbreviation used in the above table; n= sample size, s= number of substitution, h=number of haplotype, MPD=
Mean Pairwise Difference, HD= Haplotype diversity, ND= Nucleotide diversity, SE= Standard Error. For more

information about the populations used in the above table please see Table 8.1

.., Tajima's
o Tajima , S p-
Statistics n s h MPD * SE HD * SE ND * SE Dp- Fu'sfs
sD value
value
Manandhar | o1 44 3, 5-878388+/- 0.9575+/-0.017188+/- o oo
anandhar 2.833826  0.0083  0.009179 : o :
Bairach 17 30 13 7-308824+/- 0.9632+/- 0.021371+/- . o o
ajracharya 3.599412  0.0328  0.011778 : : : :
Shak 16 23 1p 5-BLEG67+/- 0.9583+/- 0.017008+/- . . oo
akya 2.935650  0.0363  0.009615 : : : :
U o 4p ag4 5244082 +/- 0.9829+/- 0.015334+/- . o
aya 2.578380  0.0075 = 0.008367 : : : :

N , S0 166 go 10-981224+/.0.9690 +/- 0.032109+/- .
ewamix 5.076108  0.0111  0.016472 : : : :
Shresth s 4p gg 5:579365+/- 0.9635+/- 0.016314+/- _ .. o .o oo
restha 2.742980  0.0192  0.008915 : : : :
Mahari 100 54 43 5701616 +/- 0.9606 +/- 0.016671+/- . .o o . . o
aharjan 2.754982  0.0090  0.008922 : : : :

> 66 18y 35 13-899301+/-0.9725+/- 0.040641 +/- _ o
newamix 6.317429  0.0075  0.020480 : : : :
Newar total 492 311 149 5082621 +/ 0.9807 +/- 0.025388 +/- 2.13 0.00 -23.99 0.00
war_ 4016036  0.0020  0.012987 : : : :

Magar 28 16 30 13-192034 +/.0.9801+/- 0.038573+/- .. oo o
g 6.069238  0.0137  0.019719 : : : :
Brahmin 48 53 3¢ 0404255 +/- 0.9832+/-0.018726+/- | o\ 03 5506 000
: 3.086961  0.0088  0.010019 : : : :
T a4 4o g5 6261099 +/- 0.9556+/-0.018307+/- . oo oo oo
g 3.029369  0.0152  0.009835 : : : :
cathmandu | 77 286 ga 19229323 +/-0.99424/- 0056226 +/- .
athmandu 8.605531  0.0034  0.027886 : et :
Tibetl 156 306 o3 25793879 +/-0.9868 +/- 0.084193 +/- . .o
toe 12.660234  0.0034  0.040974 : : : :
Other Nepali 245 310 138 21270191 +/-0.9912 +/- 0.062194 +/- 1.19 0.08 -23.62 0.01
er_epall 9.415536  0.0015 = 0.030459 : : : :




Results

4.1.1 Molecular diversity

Higher Haplotype diversity was observed among the Nepalese ranging from 0.95 to 0.99.
Similarly, nucleotide diversity among the Nepali population ranges from 0.015 to 0.062. Highest
nucleotide diversity was observed in Nepali-other (sample from Kathmandu and Eastern Nepal)
and Kathmandu group. Whereas, comparatively lower nucleotide diversity was observed among
the several Newar groups except Newamix (present study) and Newamix2 (Gayden et al., 2013).
These data are further strengthened by the analysis of Mean pairwise difference’s (MPD). Similar
to the Nucleotide diversity, value of MPD was also lower among the Newar groups, except
Newamix and Newarmix2. Higher value of MPD and ND for Newamix and Newarmix2 samples
might be as a result of combined sample included from multiple Newar sub caste.

4.1.2 Neutrality tests.

Fu's fs test (Y.-X. Fu, 1997) and Tajima’s test (Tajima, 1989) of selective Neutrality were calculated
using Arlequin. If the obtained values for Tajima's D and Fu’s Fs are significantly negative, then
the population might have expanded in the past. Fu's fs value was more negative in Maharjan (-
24.36), Udaya (-24.9), Manandhar (-16.8) and Shrestha (-14.16). When all the Newar sub caste
were treated as a single population and analyzed separately, Fu’s Fs value was significantly
negative -23.99. Fu's Fs values were statistically significant in all the Newar sub populations as
well as in Magar and Brahmin for Hypervariable region | (HVRI) sequences, indicating historical
population expansion. Tajima’s D test also yielded significant negative values for each population.
These results are further supported by the fact that the major Newar sub caste exhibit low
Nucleotide diversity, which denotes the population expansion in the past.

4.1.3 Pairwise genetic distance

Genetic distance between the Nepali populations based on the Fixation index (Fs:) were
calculated as shown in the Table 4.2. Fs; varies between 0 and 1. Fs; value of 0 indicates that two
populations are genetically identical whereas an increasing value from 0 indicates an increasing
variation between the pair of populations. Fs; value of 1 indicates maximum genetic diversity
between the two populations.
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Table 4.2 | A pairwise Fst distance matrix between each population. The F, values in the Table are color
coded in the background, with green (high Fst value), Yellow (intermediate Fs value) and Red (low Fst
value) color gradient. Population name: Newar mix2 (N-mix2), KTM (Kathmandu), Tmg (Tamang) (Gayden et al.,
2013); Nepali-other (N-OT) individual from Ktm and Eastern Nepal (Wang et al., 2012); Mdr=Manandhar, SHK=
Shakya, BJR= Bajracharya, UDY= Udaya, MHJ= Maharjan, STH= Shrestha, Mgr= Magar, BRH= Brahmin; Newar total=
includes all Newar sub caste. For more information about the populations used in the above table please see Table
8.1

NMIX Other Newa
MDR SHK BJR UudyY NMIX MHJ STH 2 _Nepa KTM MGR BRH TMG r_tota Tibetl
li |

MDR 0

SHK 0.049 O

BJR 0.077 -0.001 O

UDAYA 0.048 0.009 0.035 0

NMIX 0.061 0.012 0.015 0.021 O

MHJ 0.071 0.043 0.069 0.047 0.008 O

STH 0.078 0.053 0.062 0.054 0.003 0.001 O
NMIX2 0.049 -0.003 0.011 0.017 0.006 0.021 0.006 O
Other_
nepali
KTM 0.045 0.006 0.003 0.021 0.005 0.03 0.011 O -0.004 O

MGR 0.063 0.016 0.013 0.025 0.006 0.03 0.016 0.007 0.007 -0.002 O

BRH  0.08 0.068 0.029 0.065 0.033 0.04 0.03 0.027 0.014 0.012 0.019 O

TMG | 0.114 0.065 0.055 0.063 0.028 0.061 0.048 0.02 0.018 0.014 0.013 0.045 O

Newar

TOTAL

Tibetl 0.082 0.037 0.03 0.056 0.033 0.073 0.049 0.04 0.028 0.017 0.028 0.052 0.04 0.092 O

0.043 0.01 0.005 0.026 0.013 0.03 0.016 0.004 O

0.026 . 0  0.018 0.008 0.005 0.007 0.003 0.005 0.029 0.021 0.018 0.025 0.031 O

Distance Matrix of Fst based on the mtDNA HVR1 shows a higher genetic distance between Newar
group (indicated as Newar_total) and Tamang (0.031) followed by Other_Nepali group (0.31),
Manandhar (0.026), Brahmin (0.025) and Magar (0.018). Within the Newar group, Manandhar
(0.026) and Bajracharya (0.018), sub caste shows highest genetic distance with the Newar group.
Whereas the other sub caste; Udaya (0.08), Maharjan (0.07), Newar mix (0.005), Shrestha (0.003)
and Shakya (0.000) shows comparatively less genetic distance, indicating a higher proportion of
shared genetic component between these populations. The lower genetic distance for Shakya
(0.000) and higher genetic distance for Bajracharya (0.018) was possibly due to the few sample
number of these population. The Manandhar group has significant proportion of unshared
genetic components with the other Newa sub caste as well as with the other Nepalese
populations analyzed so far.
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4.1.4 Mean pairwise differences (1) within and between populations

Nei’s genetic distance (Nei, 1978) between the populations based on the net number of
nucleotide differences was also computed as shown in the Figure 4.1.

25

Average number of pairwiswe differences

20

between populations

25

20

within populations

Nei's distance (d)

05

0.0

Figure 4.1 | Mean pairwise differences (rt) within and between populations. Average number of pairwise
differences (1) between the populations are shown by three different color scales. The Orange colour on
diagonal of the graph shows the value of myy within the populations, Green colour just above the yellow
color (diagonal) shows the value of rixy between pairs of populations and the Blue colour on the graph just
below the diagonal represents the net number of nucleotide differences between the populations.
Populations are abbreviated as: Manandhar (MDR), SHK (shakya), STH (Shrestha), Nmix (Newar mix), MH)J
(Maharjan), STH (Shrestha), KTM (Kathmandu), BRH (Brahmin), TMG (Tamang) and MGR (Magar). For
more information about the populations used in the above table see Table 8.1.
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4.2 Classification of mtDNA sequences.

In Newar, a total of 374 out of 376 individuals were classified into known mtDNA Hgs/sub-Hgs
belonging to three main groups: East Eurasian, South Asian and West Eurasian. Surprisingly, two
samples (complete mtDNA sequencing for these sample was done) were unable to allocate into
already known Hg (van Oven & Kayser, 2009). The East Eurasian prevalent Hgs were grouped into
East Eurasian ancestries (Xuebin Qi et al., 2013). Accordingly, south Asian and west Eurasian
prevalent Hgs were also allocated into South Asian and West Eurasian ancestries (Silva et al.,
2017).

East Eurasian
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IWest Eurasian
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Figure 4.2 | mtDNA components observed in the studied populations and other Nepalese populations
studied so far. mtDNA data for the other Nepali populations were computed based on the mtDNA Hg
frequencies. For more information about the populations see Table 8.1 & Table 8.2.

East Eurasian ancestries where higher among Sherpa (95.3%), Newar mix (70%), Tamang (65.9%),
Tharu from Chitwan | (68.4%), Tharu from Chitwan Il (62.8%), Udaya (56.9%), Maharjan (55%)
and Magar (54%). The proportion for South Asian ancestries where higher among the Hindus
form Morang (79.2%), Tharus from Morang (62.5%), Brahmin from Tanahun (60.41%) and Nepali-
other (individuals from Kathmandu and Eastern Nepal) (52.4). Intriguingly, Manandhar shows
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nearly equal proportion for all three ancestries. Whereas, Shakya, Shrestha, Bajracharya and
Kathmandu shows nearly equal proportion for East Eurasian and South Asian ancestries.

4.2.1 Dominant Hgs in Newar and other Nepali population.

Major Haplogroup Newar sub caste

Pop Newar | BR-NP | MGR MDR STH N-MIX MHJ BJR SHK Udaya Origin
size 376 48 37 93 36 50 100 20 19 58

F 17.8 6.3 0.0 9.7 194 28.0 26.0 10.0 0.0 15.5 EE/SEA
YA 17.8 0.0 5.4 18.3 11.1 20.0 16.0 20.0 26.3 19.0 EE/CA
M5 9.6 2.1 2.7 11.8 2.8 4.0 10.0 5.0 15.8 13.8 SA
D 5.9 4.2 24.3 0.0 5.6 10.0 6.0 10.0 15.8 6.9 EE/EA
M3 5.3 8.3 2.7 3.2 5.6 2.0 7.0 10.0 10.5 5.2 SA
A 4.8 2.1 0.0 7.5 2.8 6.0 1.0 10.0 0.0 6.9 EE/EA
U2l 4.3 16.7 2.7 0.0 13.9 4.0 7.0 5.0 5.3 0.0 SA
U7 4.3 2.1 0.0 0.0 8.3 2.0 9.0 0.0 15.8 0.0 WE
M30 3.7 4.2 0.0 1.1 11.1 6.0 0.0 0.0 0.0 10.3 SA

| 3.2 0.0 0.0 12.9 0.0 0.0 0.0 0.0 0.0 0.0 WE
M38 3.2 0.0 0.0 10.8 2.8 0.0 0.0 5.0 0.0 0.0 SA
G 2.7 8.3 0.0 2.2 0.0 6.0 1.0 0.0 0.0 6.9 EE/EA
HV 2.7 0.0 0.0 10.8 0.0 0.0 0.0 0.0 0.0 0.0 WE
R6 1.6 104 2.7 0.0 0.0 2.0 1.0 15.0 5.3 0.0 SA
W 1.1 0.0 0.0 1.1 2.8 0.0 0.0 0.0 0.0 3.4 WE
M33 1.1 0.0 2.7 1.1 0.0 0.0 1.0 0.0 0.0 3.4 SA
M52 0.8 2.1 10.8 0.0 0.0 2.0 2.0 0.0 0.0 0.0 SA
H 0.8 2.1 5.4 1.1 0.0 2.0 1.0 0.0 0.0 0.0 WE
M9 0.8 0.0 13.5 0.0 0.0 0.0 2.0 0.0 0.0 1.7 EE/EA
R5 0.8 4.2 2.7 3.2 0.0 0.0 0.0 0.0 0.0 0.0 SA
U3/uU4/Us 0.5 2.1 0.0 1.1 0.0 0.0 1.0 0.0 0.0 0.0 WE
C 0.3 2.1 8.1 0.0 0.0 0.0 1.0 0.0 0.0 0.0 EE/EA
T 0.3 4.2 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 WE
N1 0.0 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 WE

Table 4.3 | List of Dominant Hgs observed in the studied populations. Geographic origin of the
population are abbreviated as; EE=East Eurasia, CA=Central Asia, EE=East Eurasia, SEA=South East Asia,
SA= South Asia and WE=West Eurasia. Population are abbreviated as; BR-NP=Brahmin, MGR=Magar,
MDR= Manandhar, STH= Shrestha, N-Mix= Newar-mix, BJR= Bajracharya and SHK= Shakya.

Gene flow in Newar is dominated by East Asian (50.8%) haplogroups followed by South Asian
(35.9%) haplogroups. Whereas the contribution from West Eurasia (12.8%) is very low in Newar.
Two East Asian haplogroups Z and F contribute 35.6% of the total mtDNA gene pool of Newar. Hg
Z and F both are also detected in Tibetan population. The other East Asian hgs with appreciable
frequency include only hg D (5.9%) and A (4.8%). Hg A and D are found in higher frequency
diversity among the Tibetans.

Among the South Asian (35.9%) hg, only two hgs M5 (9.6%) and M3 (5.3%) shows significant
frequency contribution on Newar. Whereas the other south Asian hgs are present in very low
frequency. West Eurasian hg U7 has 4.3% contribution to the total mtDNA gene pool of Newar.

In overall, the dominant Hgs observed in Newar are Z (17.82%), F (17.82%), M5 (9.57%), U
(9.04%), M3 (5.32%), D (5.85%) and A (4.79%). Likewise, the dominant Hgs observed in Brahmin
are U (27.03%), R6 (13.51%), M3 (10.81%), G (10.81%), F (8.11%), R5 (5.41%) and M35b2 (5.41%)

44



Results

which altogether account for 86.48% of the total Brahmin sample. Likewise, mtDNA pool of Magar
were dominated by East Asian specific Hgs D, M9 and C.

Frequency
%
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Figure 4.3 | Heat map based on the major mtDNA Hg frequencies observed in the Nepali populations.
Population is abbreviated as: Newar-mix [Present study], Newar mix2 [Gayden et al., 2013], Nepali-other
[KTM and Eastern Nepal], TH-CI &TH-CII [Tharu from Chitwan], TH-E [Eastern/ Morang Tharu] and H-TE
[Hindu Terai]. For more information about the population see Table 8.1 & Table 8.2.

Hg Z believed to be originated in Central Asia was observed in high to moderate frequency in all
Newar sub caste, but completely absent or present in very low frequency among the other Nepali
populations. Hg F present in high to moderate frequency among the majority of Newar caste were
also present in moderate to low frequency among the other Nepali populations. Highest
frequency of F1d1l was observed in Maharjan and Newamix. This shows, Hg F has a wider
distribution than the Hg Z, in which the later has a relatively more restricted-distribution/confined
within the Newa caste only. Hg U is one of the most prevalent Hg and has a wider distribution
among the several Nepali populations. Similarly, South Asian hg M5 and M3 is more prevalent in
Newar population compared to other Nepali population studied so far. East Asian specific hg D,
prevalent in higher frequency in Tamang and Magar were also observed in moderate (Shakya) to
low frequency in Newar and other populations. Several Hgs were found to be restricted/confined
within a single population, indicating their restricted distribution. Especially, West Eurasian hg I1e
and HV were present in significant frequency in Manandhar but was either completely absent or
present in low frequency among the other Nepali populations. This finding is in accordance with
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the high genetic distance observed between the Manandhar and other Newar sub caste (Table
4.2) as discussed previously. All the Newar sub caste were included as a single group (Newar total)
and their geographic origin were analyzed as shown in the table below.

Table 4.4 | (A) Contribution to the total mtDNA gene pool of Newar form East Eurasia, South Asia and
West Eurasia. (B) Major Haplogroup, count and Frequency (%) observed in Newar group.

Geographic origin Count | Frequency (%)

191 50.8

135 35.9

48 12.8
Unable to define hg 2 0.5
Total sample 376

(A)

South Asian | Count Freq (%) East Eurasian Count Freq (%) West Eurasian Count| Freq (%)
M18c 1 | o3 A 18 438 H13 3 038
M2 4 [ 11 BSald 1 03 HV12b 10 2.7
M3 20 ’jl 53 C 1 03 Ile 12 3.2
M30 14 [ 37 D 2 5.9 Ta 1 03
M31c EE F 67 17.8 U3 1 03
M33 4 [0 11 G 10 2.7 Us 1 03
M34 3 [I os8 M10 2 0.5 U7 16 43
M35 6 [E] 16 M9 3 038 W3 4 1.1
M38 12 |i:| 3.2 JA 67 17.8 Total West Eurasian | 48 12.8
M43 2 }L 0.5 Total East Eurasian| 191 50.8 Total sample (N) 376
M5 36 [ 96 Total sample (N) 376
M52b 3 | os
R30b2a 3 |l os
R5a2b 3 [ o8
R6b 6 [l 16
U2b 8 F] 2.1
U2c g I 21
Total South 4 135 35.9
Total samplq 376

(B)

Gene flow in Newar is dominated by East Asian (50.8%) haplogroups followed by South Asian
(35.9%) haplogroups. Whereas the contribution from West Eurasia (12.8%) is very low in Newar.
Two East Asian haplogroups Z and F contribute 35.6% of the total mtDNA gene pool of Newar. Hg
Z and F both are also detected in Tibetan population. The other East Asian hgs with appreciable
frequency include only hg D (5.9%) and A (4.8%). Hg A and D are found in higher frequency
diversity among the Tibetans.

Among the South Asian (35.9%) hg, only two hgs M5 (9.6%) and M3 (5.3%) shows significant
frequency contribution on Newar. Whereas the other south Asian hgs are present in very low
frequency. West Eurasian hg U7 has 4.3% contribution to the total mtDNA gene pool of Newar.
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Table 4.5 | Classification of mtDNA sequences in nine Nepali populations. Among these, 7 caste belongs
to Newar (376), remaining two belongs to Magar (36) and Brahmin (48). Number of Haplogroup present
in each population are provided as a count data. For more information see Table 8.1, Table 8.2 & Table
8.3.

Newar

Brah [Mag

Haplogroup J
min | ar

Manandhar [Shrestha |Newamix [Maharjan |[Bajracharya |Shakya|Udaya

A+152+16362 5 1 2 1 2 - 4 - -
Al4 - - - - - - - 1 -
Al17 2 - 1 - - - - - -
B4a4d - - - - - - - 1 -
B5ald - 1 - - - - - -
B5albil - - - - - - - -
C4alala - - - - - - - -
C4a2b2 - - - 1 - - - -
C4a2c2 - - - - - - - 1 -
C7b - - - - - - - - 2
D4 - - 3

D4a5 - - 1 - - - - - -
D4b2b - - 1

D4ela2 - - - - - - - - 1
D4h - 1 - 1 - - - - -
D4i - - - - - - 3 - 2
D4jlal - - - 1 - - - 1 -
D4j1b - - - - - - - - 2
D4do - 1 - - - - - -

D4q - - - 1 - - - - -
D5a2al - - - - - - - - 2
D5a2al+ @1617 - - - - - - - 2
D5a2b - - - 2 - 1
Flblc - - - - - -
Flcla2 8 - - - - -
Fild1l - 7 10 21 2 -
Flg 1 - 2 5 - -
F2b1l - - 2 - - -
G2 1 - - - - -
G2a - - - - - -
G2ald2 1 - 3 1 - -
G2b2a - - - - - -
G3al'2 - - - - - -
H* - - - - - - - - 2
H13a2a 1 - - - - - - - -
H13ald - - 1 1 - - - - -
H2a - - - - - - - 1 -
HV12b1 10 - - - - - - - -
I11e 12 - - - - - - - -
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Haplogroup

Newar

Manandhar

Shrestha

Newamix

Maharjan

Bajracharya

Shakya

Brah
min

Mag
ar

M*
M10alb
mM18
M18c
M2ala+207
M2a3a
m3
M3al1+204
M3a2
M3cla
M3c2

m3d
M3d1
M3d1la
M30+16234
M30b
M30d1
M30g
M31b2
M31c
M33a
M33ala
M33a2a
M34ala
M34a2
M34'57
M34b
M35b2
M35b4
M38+199
M38a
M4a"67
m43al
M43b
M5a

M5a2
M5a2alal
M5a2ala2
Mb5a'd
M5b2b
M5b2b1
M5b2bla
M5c1
M5c2

M5d
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Haplogroup

Newar

Manandhar

Shrestha

Newamix

Maharjan

Bajracharya

Shakya

Brah
min

Mag
ar

M52b
M58
M65b
M9ala2
M9albl
N*
Nlalbl
R2'IT
R30b2a
R5a2b
R6a2
R6b
T2ala
T2b4+152*
T2d1
T2g1*
U2ala
U2b1l
U2bla
U2b2
U2c
U2cl
U3a
U3b
U5albif
U7
U7ala
U7a2
Uz7a3
U7a3a
U7b
W3alb
Z3ala
27

DR R
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=

v N

Total (N)

100
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4.3 Principle Component Analysis (PCA)
4.3.1 Between the Nepali populations

The first component (PC1) which explains 26.5% of the genetic variance, basically segregates
Newar with the other Nepalese populations. Whereas the PC2 which explains the 16.76% of the
genetic variation separates the Newar populations away from the Sherpa and IE (Indo-European)
speaking populations (Eastern Tharu, Brahmin and Hindu-Terai).

Newar mix2 / N-mix2
(Gayden et al.,
2013).
Nepali-other =Ktm
{\lewar and Eastern Nepal
mISSEUeen & Tl aTHOI-
B MIX Tharu from
ETharu Chitwan;
TH-E= Eastern/
Kathmandu Morang Tharu
TH-CI [ | Nepali-ather H-TE = Hindu Terai
| (Present study)
LEIED MDR=Manandhar,

SHK= Shakya,

BJR= Bajracharya,
UDY= Udaya,
MHJ= Maharjan,
STH= Shrestha,
Mgr= Magar,
BRH= Brahmin,
N-mix (Newar mix)
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Figure 4.4 | Map of the principle component analysis among the Nepali populations. PCA was computed
utilizing the mtDNA frequencies of the 19 Nepali populations. The first (PC1) and the second (PC2) Principle
components explain 26.5% and 16.76% of the genetic variance respectively. Except Newar and Tharu all
other remaining caste are grouped based of their linguistic affiliation. Newar speaks TB language, whereas
Tharu speaks IE language. For more information see Table 8.1 & Table 8.2.

In overall, all the Newa populations cluster tightly with each other indicating a shared genetic
component between the Newa sub castes. Brahmin is closely placed with Kathmandu and Eastern
Nepal including the Tharu (TH-E). Likewise, Magar, Tamang and Tharu from Chitwan cluster
closely in the PCA map. Comparatively, Sherpa is placed away from other populations possibly
indicating their distinct genetic components and less admixture from the other Nepali
populations. In the PCA map, Vector Z, F1, M5 and U7 are mostly responsible for the relative
positions of the Newar caste. These observations are concurrent with the data of the major Hgs
observed in the Nepali populations (Figure 4.3 and Table 8.2).
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4.3.2 Between Nepali and other Asian populations

Further, map of Principle component analysis based on the mtDNA Hg frequencies of 18 Nepalese
and 244 Different Asian populations (Appendix A: Table 8.2) was computed. The first component
(PC1) which explains 21.6% of the genetic variance, basically segregates South Asian, East Asian
and South East Asian populations. The second component PC2 which explains 11.62% of the
genetic variance shows the variation/diversity within the Nepali populations. Intriguingly, the
Nepali populations are clustered with the populations from MSEA (Myanmar and Thailand), South
Asian and East Asian populations as shown in the PCA map.

In particular, majority of Newar sub caste are clustered with the populations from Myanmar,
Thailand, China, N/NE Indian populations but relatively diverged away from the other Indian
populations, except Shakya group which is placed nearer to the sample from Morang (Hindu-
Terai) and Indian populations. The presence of comparatively high proportion of East Eurasian
maternal components in Newa-mix (NMIX) and Maharjan group are supported by their
positioning in the PCA map. Udaya, Bajracharya and Kshatriya (Uttarakhand, India) are closely
clustered with the populations from Myanmar, Thailand and south west china. Among the North
Indian populations, Kshatriya and Shah get partition away from the core Indian cluster, reflecting
their distinct genetic composition as compared to the other North Indian group.

Principle Component Analysis
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Figure 4.5| PCA of the 262 populations analyzed in the present study. Map of the Principal Component
Analysis among the Nepalese and 244 other Asian populations. The first (PC1) and second (PC2)
component explains 20.88% and 11.62% variation respectively. Except Nepali populations all are grouped
linguistically and labelled with same color and their geographic location are indicated by different shape.
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Terms used to denote the populations are given as: TMG, Tamang; TH-C, Tharu from Chitwan; SHK, Shakya;
MDR, Manandhar; BRH, Brahmin; KSH, Kshatriya; MHJ, Maharjan; H-TE, Hindu Terai; Nmix, Newar mix
(This study); Nmix2, Newar mix 2 (Gayden et al., 2013)

Previous study showed presence of higher proportions of East Eurasian maternal lineages among
the Uttarakhand populations (Negi et al., 2016), indicating the gene flow from Nepal and/or other
neighboring populations. Sherpa, Tamang, two central Tharu collection and Magar exhibit
stronger genetic affinities with the Tibetan populations compared to the Newar group. One
Austroasiatic group from Thailand is closely clustered with the Brahmin (Nepal) and several Indian
populations (Dravidian, Indo-European and Austro-Asiatic). Magar cluster loosely with the
Tamang and Tharu population from Chitwan. Likewise, Tharu from Chitwan (TH-CI) are tightly
clustered with the Tibeto-Burman groups from Yunnan (South west china) and Shah from
Uttarakhand.

Tibetan and Sherpa shows the highest frequency of hg M9, D4 and A. South china and MSEA
populations shows highest frequency of Hg M7, B4, B5 and F1. Similarly, high frequency of hg U2l
(U2a, U2b, U2c), M33 & M5 is observed in the majority of South Asian populations. Hg Z observed
in highest frequency in Nepali populations were not observed as a major variable either in Central
Asia/East Asia/MSEA. Hg Z believed to be originated somewhere in Central Asia is very rare and
has been detected in very few populations till date. However, it is the most dominant Hg in
Newar. Another dominant hg in Newar is Hg F1 which has a wider and high frequency distribution
throughout East/SE Asia. The scarcity/unavailability of the mtDNA data of Hg Z have resulted in
lower contribution from the vector Z. This might have possibly distorted the result of the PCA
map. In the previous PCA map (Figure 4.4) Shakya was placed closely to the Newar cluster away
from the Hindu Terai (H-TE) group. But in the second PCA map it is placed very closer to the Hindu-
Terai group. Hg Z is present in high frequency in Newar group including the Shakya. Likewise, Hg
F is present in high frequency in Newar except Shaky group. This has lead into the positioning of
Shakya near to the Hindu Terai (H-TE) in the second PCA map. The PCA map would have been
indeed very different for the Newar, with closer clustering of the Newar with the Central/East
Asian/MSEA populations. However, the clustering pattern tends to supports the proposed
antiquity of Newar (Regmi, 1965) in which the gene flow occurred from Central Asia/East Asia
and South Asia.

4.3.3 Unweighted Pair Group Method with Arithmetic Mean (UPGMA)

Clustering was performed using the UPGMA based on the mtDNA Hg frequencies observed in the
Nepali populations Table 8.2. In the Phenogram, Maharjan and Newar mix are similar to each
other, in which Shrestha shows more inclination towards this group. Udaya are placed closer to
the above cluster whereas Bajracharya followed by Shakya are distantly apart with Maharjan.
Likewise, Kathmandu and Nepal-other are similar to each other and Brahmin are closer to this
group. Tamang and Magar are closer to each other. Similarly, Tharu from Chitwan | (TH-CI) and
Chitwan 1l (TH-Cll) are closer to each other in which Tharu from Morang are also closer to the
Tharu from Chitwan. As compared to the other population, Tharu shows more similarity with
Tamang and Magar. The clustering analysis performed on Nepali populations yielded very similar
results as those obtained in PCA map of Nepali populations (Figure 4.4).
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Figure 4.6 | Phylogenetic Tree showing the Genetic distance between the populations based on the
distance matrix. Distance matrix was based on the UPGMA (Unweighted Pair Group Method with
Arithmetic mean). Linguistic affiliation of each populations is shown in the bracket.

4.4 Phylogeographic pattern of the dominant Hgs within the Macro
Hg N.

Super Hg N which populates half of the world includes 12 major groups.

[ T 1
[N*|N1[n2[Nof A x | [rR*]Ro[uT[R9[ B[ U]

incl incl incl incl incl incl incl incl incl
o I WY P HV J F K
S H T

\%

Figure 4.7 | Phylogeny of Macro Hg N. For convenient, Hg N is divided into 12 subtrees (Phylotree.org).
In the figure, including is abbreviated as Incl.

4.4.1 Haplogroup R

Macro Hg R and its descendants (Figure 4.7) are distributed all over Europe, the Near East, south
Asia, Oceania and the Americas.
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Macro Hg R: Hg R contains the following sub hg

R2 R6 R6b
J > F1
T R9
T > F2
R5 | R5a2b R30 [R30b2a

Results

In present study, single sample from Magar belong to hg R2” JT. Complete mtDNA sequencing of
this sample was performed. But the sample didn’t fall in any of the predefined sub Hg within
R2’JT. Hg R2 and J were not observed in present study. However, traces frequency of hg J (1.29%)
was observed in Kathmandu (Gayden et al., 2013).

4.4.1.1 Haplogroup R5
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Figure 4.8 | Phylogenetic tree of sub hg R5a2b based on 8 complete mtDNA sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequence are given in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015). Lineage R5a2b6 has been
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differentiated within Nepal in which majority of basal variants are shared within the Nepali population,
suggesting the ancient origin of R5a2b rather than recent entry via migration.

Hg R5 is considered to be one of the oldest lineage in South Asia. In India, Hg R5 has a wide
distribution, especially in North India, Madhya Pradesh and West India. Sub Hg R5al are reported
to be present in high frequencies among the Indo-European speaking population, whereas R5a2
is present among the Dravidic groups of India and Sri Lanka (Chaubey et al., 2008). In present
study, Sub Hg R5a2b was observed in Manandhar, Magar and Brahmin populations. Complete
mtDNA sequencing of R5a2b sub clade shows Brahmin and Manandhar share a basal back
mutation (16309G!). Further, HVR1 sequence of Magar also shares the basal variants (16189C!
16524G! 16362C) with the Brahmin populations.

4.4.1.2 Haplogroup T

Hg T, believed to be originated somewhere Near East contains two main branch T1 and T2. Both
of these sub Hg have very different distributions. In present study, Hg T2 is present in Brahmin
(4.08%), and Bajracharya (5%). Previous study reported traces of Hg T2 were present in
Kathmandu and Eastern Nepal. In North India, Sub Hg T1 were observed in higher frequencies
(Brahmins of Uttarakhand) (Table 8.2.)

4.4.1.3 Haplogroup R6

Hg R6 has been observed in small frequencies in India and Pakistan. In India, especially reported
in North India, Madhya Pradesh and Kashmir (Table 8.2).

In present study, sub Hg R6a2 was observed exclusively in Brahmin and Magar, whereas R6b was
present in high to low frequencies among the Newar sub caste: Bajracharya (15%), Shakya
(5.2%), Newa mix (2%) and Maharjan (1%). This Hg was also observed in Brahmin (8.33%).
Complete sequence analysis of samples belonging to subclade R6b shows, Nepalese sample
cluster with a sample from Myanmar. Three basal variants (4751G, 2984A, 13812C) was shared
between Myanmar and Newar sample (one sample each from Shakya and Newar mix, 3 sample
belonging to Bajracharya). Sub Hg R6b1, R6bla and R6b1al were newly defined in this study. The
homogeneity in the sequence between Newar mix, Shakya and Bajracharya indicates a close
matrilineal relationship between these Newar sub castes (Figure 4.9). Previous study reported Hg
R5a2b2 and R6b were also present in Kathmandu (2.7%) (Gayden et al., 2013). Traces of sub Hg
R8 were also reported to be present among the population from Kathmandu and East Nepal
(Wang et al., 2012).
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Figure 4.9 | Phylogenetic tree of sub Hg R6b based on 8 complete mtDNA sequences. Mutations relative
to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each sequence is
shown in the box with geographic color code. The number (1', 2'... n') corresponds to the reference for the
analyzed sample. The hg written in black color represents newly defined hg in this study, whereas red
color indicates the predefined Hg in PhyloTree (Oven, 2015).

4.4.1.4 Haplogroup R30

Two sample, each belonging to Maharjan and Newar-mix belong to sub hg R30b2a. Sub hg
R30b2a observed in Newar sample share an ancestry with the sample from India. R30 is
considered to be the indigenous south Asian specific Hg (Silva et al., 2017)
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Figure 4.10 | Complete mtDNA phylogenetic tree based on 5 complete mtDNA sequences from South
Asia. In present study, basal mutation (16497G) shared between Newar (Maharjan and Newamix) and
India sample lead to define new sub hg (R30b2al). Mutations relative to the RCRS are indicated on the
branches. Sample ID/GenBank accession number for each sequence is shown in the box with geographic
color code. The number (1', 2'... n') corresponds to the reference for the analyzed sample. The hg written
in black color represents newly defined hg in this study, whereas red color indicates the predefined Hg in
PhyloTree (Oven, 2015).

4.4.1.5 Haplogroup F

Hg F is derived from lineage R9. This lineage R9 has been observed mainly in Southeast Asia, found
all over Indonesian, Malaysia and aboriginal Malays. Hg F has spread throughout East Asia, the
Russian Far East and South-East Asia including the Philippines, Indonesia, Malaysia and some of
coastal New Guinea. Highest frequency of hg F is reported to be present in places like Nicobar
Island (50%), Arunanchal Pradesh (31%) of India and Shor people of Siberia (44%) (Delfin et al.,
2014; Fedorova et al., 2013; Irwin et al., 2010; Kutanan et al., 2017; Xuebin Qi et al., 2013; Zhang
et al., 2013). This lineage represents one of the main maternal founding lineages in the Newar.

Hg F is characterized by sub hg F1, F2, F3 and F4 (Oven, 2015). Among these, Fla is the most
dominant sub hg in South East Asia and Siberia. Overall frequency of hg F among the Tibetan
population was 11.44% (Xuebin Qi et al., 2013). In present study, Nepali population where
characterized by sub hg F1 (F1b, Flc, F1d1 and F1g) and F2. Although, hg F1 and F2 are shared
between Nepali and East Eurasian, there are major differences in the distribution and frequencies
of these sub hg.
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4.4.1.5.1 Haplogroup F1d

F1d1 was the most predominant clade in Nepali population. Hg F1d/F1d1 is characterized by
generally low population frequencies and limited sequence diversity/availability, despite a wide
geographic distribution as shown in contour map (Figure 4.11). To get more insight into the
spatial-frequency distributions of Hg F and F1d/F1d1 counter maps was created.

(B) Hg F1d/F1d1

Figure 4.11 | Contour map of A) hg F & B) hg F1d/F1d1 of Nepali and other Asian populations based on
the mtDNA Hg frequencies (Table 8.1 & Table 8.2). The black dots indicate the geographic locations of
the analyzed populations. The bar on the right side of the map indicate the haplotype frequency spectrum.
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Traces of F1d has been reported to be present among the populations from South/South west
China, however their frequency among the population from china is unavailable (Table 8.1 &
Table 8.2). Compared to other sub clades of hg F, both the phylogenetic structure and ancestral
origin of hg F1d1 is obscure. Haplogroup F1d1 were observed in very low frequency with relict
distribution among the Tibetans (1.2%), Dengs (1.08%) and Lhobas (2.7%) of Tibet (Kang et al.,
2016). Hg F1d (4.2%) and F1d1 (4.3%) were also present among the Mon (MO2) people of North
East Thailand and West Thailand (border between Thailand and Myanmar). The overall frequency
of F1d/F1d1 in Burma (Myanmar) is =4.85%. Similarly, frequency of F1d in Taiwan was 1% (1/50).
F1d was also reported to be present in traces frequency in Uzbekistan belonging to Turkmenistan
origin (1%, 1/212) (Table 8.2).

Hg F1d1 is distributed unevenly in Newar; observed in high frequencies in Maharjan (21%),
Newa-mix (20%), Shrestha (19.44%) and Udaya (8.62%). Whereas, completely absent in
Manandhar and Shakya. This frequency pattern of F1 Hg might be responsible for the variation
observed in the PCA map. Lineage F1d1 were also present in Brahmin (4.16%) but completely
absent in Magar. Hg F1d were also observed among the Kshatriya (8.86%), Shah (2.85%) and
Brahmin population from Uttarakhand, India (Negi et al., 2016). Median joining network for
mtDNA hg F1d1 based on a complete mtDNA sequence are shown in the Figure 4.12.

O o @, X F1d1

3 S FO > O [IMaharjan
g & C: 3 | |Brahmin
I Newar-mix
Shrestha
Udaya
Bajracharya
Tibet
. Thai-Laos
> China
Japan

Figure 4.12 | Median Joining Network of Hg F1d1 based on complete mtDNA sequence. All the Nepali
samples are grouped according to their caste and shown by different color. The size of the circles is
proportional to the number of individual cmtDNA sequences. Nucleotide position number shown in the
network are consistent with the Revised Cambridge Reference Sequence (rCRS). The geographic origin of
sample is shown by different colors. The C stretch length polymorphism in regions 303—-315, AC indels at
515-522, 16182C, 16183C, 16193.1C(C) and 16519 were disregarded for the network reconstruction.

As shown by the Median Joining Network, Thai-Laos and Nepali samples belonging to lineage
F1d1 shares an ancestry with the Tibetans. On the basis of constructed networks, we can see that
Nepali sample share some basal as well as internal haplotypes with the Tibetan samples. Nepali
harbor’s a number of unique (Nepal specific) haplotypes at the terminal level, most of which
branched off directly came from the nodes occupied by Tibetan lineage.
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Figure 4.13 | Phylogenetic tree of sub hg F1d1 based on 36 complete mtDNA sequences of which 23
complete mtDNA sequences were generated in this study. Mutations relative to the RCRS are indicated
on the branches. Sample ID/GenBank accession number for each sequence is shown in the box with
geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed sample. The
hg written in black color represents newly defined hg in this study, whereas red color indicates the
predefined Hg in PhyloTree (Oven, 2015). Majority of the contemporary populations belonging to the
lineage F1d1 from Nepal, Tibet, Thailand and Myanmar (only HVR data available) has been derived from
the basal variant 16284G, suggesting that the most recent common ancestor for this sub lineage was
originated in East/southeast Asia.

Further, complete sequence analysis (Figure 4.13) revealed the clustering of Nepali sample with
the Tibet and Thailand sample, in which one basal polymorphism (16284G) is shared between
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these populations to form a new lineage named herein as Fldla. Basal Variant 15204C (only
observed in Nepali populations) is the major founding (ancestral) variant of the contemporary
Nepali populations belonging to lineage F1d1 (Figure 4.13) suggesting a reduced genetic diversity
among the contemporary Nepali populations. In total Nepal specific ancestral variant 15204C has
been observed in 43 individuals from Newar.

4.4.1.5.2 Haplogroup Flcla2

Except Manandhar (8.62%) Flcla2 is present in very low frequency among the other Nepali
populations. Sub hg Flcla has been previously reported to be present in Khon Muen (4%), Khamu
(4%) and Paluang (8%) groups of Thailand. F1c1a2 was also observed in Ladhak, Myanmar 5.297%
(44/845) and Tibet (Table 8.2). Highest frequency of Flcla2 has been observed in Apatani people
form Arunachal India. As indicted in contour map (Figure 4.14), Hg Flc is most likely to be
originated in East Asia.

Figure 4.14 | Contour map of the Hg F1c of Nepali and other Asian populations. The black dots indicate
the geographic locations of the analyzed populations. These spatial-frequency distributions were created
using the Kriging linear model of the Surfer 12.8 package, based on the frequency of each Hg in different
populations (Supplementary Table 8.2).

Complete mtDNA analysis of the sample belonging to lineage Flcla2 shows the sharing of Basal
mutation 16058C between the Tibetan and the Apatani people from Arunachal Pradesh, India.
This basal mutation observed in Apatani people was absent in Nepali populations, indicating the
independent migration from Tibet into both Nepal and North-East India. The founding variant
(234G) of the contemporary populations of Nepal, Tibet and Thailand was also present in
Myanmar (based on the HVR data) (Y. C. Li et al., 2015). Basal Variant 15388C (only observed in
Newar populations) is the major founding (ancestral) variant of the contemporary Manandhar
Flcla2 lineage suggesting a recent populations expansion and hence a reduced genetic diversity
among the contemporary Nepali populations. Nepal specific Variant 15388C was observed in
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eight individuals from Manandhar and one individual from Udaya. Hence, the present-day
Manandhar populations belonging to lineage Flcla2 has been descended from a small number
of colonizing ancestors (Founder effect) that arrived from East Asia through Tibet.
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Figure 4.15 | Phylogenetic tree of sub hg Flcla2 based on 20 complete mtDNA sequences of which 9
complete mtDNA sequences were generated in this study. Majority of the present-day populations from
Tibet, Thailand, Myanmar (only HVR sequence available), India and Nepal belonging to lineage Flcla2 has
been derived from the ancestral variant 234G.
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4.4.1.5.3 Haplogroup Flg
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Figure 4.16 | Phylogenetic tree of sub hg F1g. PhyloTree was constructed using 29 complete mtDNA
sequences of which 5 complete mtDNA sequences were generated in this study. All the Newar sample
belongs to lineage Flg and the Individuals from the previous study (Wang et al., 2012) belong to lineage
F1gl were included in the analysis. Sample ID/GenBank accession number for each sequence is shown in
the box with geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed
sample. The hg written in black color represents newly defined hg in this study, whereas red color indicates
the predefined Hg in PhyloTree (Oven, 2015).

Sub Hg Flg were present in low frequency among the Maharjan (5%), Shrestha (4%), Udaya
(1.72%) and Manandhar (1%). F1g were also observed in low frequency among the population of
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Tibet: Tibetans (4.21%) and Lhobas (2.7%) (Table 8.2). This hg was also detected among the Phuan
people from Northern Thailand (Kutanan et al., 2017)

4.4.1.5.4 Haplogroup F2b1

In present study, hg F2b1l was observed in low frequency among Newa-mix (4%) and Udaya
(3.44%). Complete mtDNA analysis indicate that the F2b1 lineage observed in Udaya share close
maternal relationship with F2b1 of Thailand.
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Figure 4.17 | Phylogenetic tree of sub hg F2b1 based on 13 complete mtDNA sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequence is shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015).

4.4.1.6 Haplogroup HV

This Hg is present mainly in Western Asia, Southern Europe, Eastern Europe and North Africa.
24,000 year old AMH found in southern Italy either belong to Hg HV or RO, according to the study
published on 2003 (Caramelli et al., 2003). Similarly, according to the study published on 2017,
Hg HV was also been found among ancient Egyptian mummies excavated at the Abusr el-Meleq
archeological site in the middle Egypt, which date from the Pre-Ptolemaic/late New Kingdom, and
Roman periods (Schuenemann et al., 2017). Half of the European population and 25-40% of the
Near East populations belong to the lineage HV (Table 8.2).
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Hg HV12 is mainly found in Iran. These Hg has been characterized by complete genome
sequencing of the population from Iran, Armenia and Turkey (M. Derenko et al., 2013). HV12a
and HV12b, subclades of Hg HV12 have been reported in the Near Eastern population (Table 8.2).
Whereas in India and Nepal only the lineage of HV12b (HV12b1 and HV12b1a) were observed. In
the present study, Hg HV12b1 were observed in High frequencies exclusively in Manandhar
(10.85%). Surprisingly, these Hg were completely absent among the other Nepali populations
studied till date (Bhandari et al., 2015; Chaubey et al., 2014; Gayden et al., 2013; Wang et al.,
2012).
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Figure 4.18 | Phylogenetic tree of Hg Hv12b based on 18 complete mitochondrial sequences. Manandhar
sample belonging to lineage HV12b1 traces its ancestry to the populations from Iran and Armenia (Near
East). Sample ID/GenBank accession number for each sequence is shown in the box with geographic color
code. The number (1', 2'... n') corresponds to the reference for the analyzed sample. The hg written in
black color represents newly defined hg in this study, whereas red color indicates the predefined Hg in
PhyloTree (Oven, 2015).

Sub Hg HV12b1la share a deep ancestry with the Near Eastern (Iran and Armenia) populations
(Schonberg et al. 2011; Derenko et al. 2013) as shown in the Figure 4.18. Similarly, sub Hg HV12b1
of Manandhar traces its ancestry back to the populations from Armenia and Iran. Back mutation

65



Results

at position 150T has been observed in all sequences belonging to Iran, Myanmar, Armenian,
Ladhak and Nepalese sample. Myanmar sample share a series of basal variant with the
Manandhar sample suggesting a recent gene flow from Nepal to Myanmar.

4.4.1.7 Haplogroup H13

Sub Hg H13a2a believed to be originated on Iranian plateau is frequent in the Iranian populations
(M. Derenko et al., 2013). In India, subclade H13ala and H13a2a are present in Uttar Pradesh,
Tamil Nadu and Andhra Pradesh (Palanichamy et al., 2015)
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Figure 4.19 | Phylogenetic tree of Hg H13ald based on 17 complete mitochondrial sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequence is shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015). Maharjan and Newamix sample
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belonging to lineage H13ald are genetically closer with the populations from Russia, Ukraine, Bulgaria and
Finland.

The Indian H13a2a lineage share an ancestry with Pakistani and the Near Eastern (lran and Iraq)
populations (Derenko et al. 2013.). In the present study, only a single individual from Manandhar
caste belong to H13a2a lineage. Similarly, two H13ald lineage belonging to Maharjan and Newa-
mix group were present in this study. Complete mtDNA sequences for this lineage has been
reported from Finland, Bulgaria, Russia and Ukraine as shown in the Figure 4.19. H13a2a and
H13ald lineage might have arrived in south Asia around =6.6-7.2 Kyr BP.

4.4.1.8 Haplogroup H2a

Hg H2a are found throughout Europe and the Caucasus. In our study only one sample belonging
to Brahmin population belong to H2a linage. Whereas it was completely absent in Newar and
Magar population. Complete mtDNA sequence of Brahmin shows sharing of three variants
(13968A, 16271C, 16274A) with the individual from Kathmandu/East Nepal (Wang et al., 2012).
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Figure 4.20 | PhyloTree of Hg H2a based on the complete mtDNA sequence. Mutations relative to the
RCRS are indicated on the branches. Sample ID/GenBank accession number for each sequence is shown in
the box with geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed
sample. The hg written in black color represents newly defined hg in this study, whereas red color indicates
the predefined Hg in PhyloTree (Oven, 2015).

4.4.1.9 Haplogroup U

Human mtDNA Hg U descendent from the Hg R is one of the initial maternal founders in South
West Asia (it is a region at the crossroads between Asia, Africa and Europe. The terms have to
some extent a similar notion as 'Middle East') and Europe. Around 40% of the mtDNAs type found
in India fall into Western Eurasian Hg U. Hg U is subdivided into U1, U5, U6 and a fourth subclade
U2'3'4'7'8'9 which is further divided into U2, U3, U4’9, U7 and U8 (including hg k). U2'3'4'7'8'9 is
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a common ancestor defined by a common mutation A1811G, which arose between 42,000 and
48,000 years ago (Palanichamy et al., 2015).

Hg U has a wide distribution and many of these subclades shows region-specific
distribution/frequency pattern in modern day population. Among these, hg U1 and U3 are largely
restricted to the Near East (Sahakyan et al., 2017). Hg U2 is mostly common in South Asia where
it shows the highest frequency and diversity. The overall frequency of U2 in India is largely
contributed by the group U2i (U2i: U2a, U2b, U2c). Subclade U2d and U2e are confined to the
Near East and Europe (Table 8.2). The Eurasian hg U2d and Indian Hg U2c are the sister clade of
the common ancestor U2c’d defined by a common mutation C16234T. Whereas, the European
variety of U2 is named as U2e.

In present study hg U was observed in Newar, Brahmin and Magar. It was found that two major
branches U2 and U7 captures most of the U mitogenomes. Within clade U2, sub clade U2b and
U2c were predominant in Newar and Brahmin. Whereas, Magar only contain U2c lineage. Hg U2a
which is completely absent in Newar caste, is present in low frequency among the Brahmin and
previously studied populations from Kathmandu and Morang, Nepal (Gayden et al., 2013; Wang
etal.,2012). Hg U4 and U5 are present in Europe, Hg U6 is prevalent in the Circum-Mediterranean
region, with frequency peaks in North Africa, U8 to the Near East and Europe and U9 is rare with
only sporadic occurrence in Arabia, Ethiopia and India. Hg U7 is a west Eurasian specific Hg
(Sahakyan et al., 2017).

PhyloTree of Hg U

Ul
us
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- U2a, U2b, U2c [u21]
U2 2> u2d
2> U2e
uU2'3'4'7'8'9 U3
U4”9 o U4
o U9
u7
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4.4.1.9.1 . Distribution and frequencies of Hg U in the studied populations.

1. U2a: Hg U2a is mainly found in Central Asia and South Asia (Pakistan, India). Hg U2a was also
reported to be present in small frequency in Nepali population from Kathmandu and Eastern
Nepal (Fornarino et al., 2009; Wang et al., 2012). In present study hg U2a were not observed
in Newar and Magar, but present in very low frequency in Brahmin of Tanahun District, Nepal.

2. U2b: U2b is found in South Asia. Whereas sub hg U2b1 is also present in Myanmar, Thailand
and Tibet (low frequency). In present study U2b1a was found in Newar mix and Maharjan in
low frequency (Figure 4.21).

3. U2b2: In present study sub hg U2b2 was observed in Shrestha (8.3%) and Brahmin (4.16%).
This hg was also found in Tamang (3.03%) and Kathmandu collection (2.59%) (Gayden et al.,
2013).
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4. U2c: In present study, Hg U2c were observed In Brahmin (10.4%). Whereas sub hg U2c1 were
present in Shrestha (5.55%), Shakya (5.26%) and Magar (2.7%). HG U2c were also present in
small frequency in Kathmandu and Hindu from Morang, Nepal (Fornarino et al., 2009; Gayden
et al., 2013).
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Figure 4.21 | mtDNA frequencies of Hg U in the Nepali populations. Sub lineage U2b, U2c and U7 were
observed in majority of the Nepali populations.

Complete sequence analysis of Hg U2b1l shows Maharjan and Newamix share a basal variant
(6620C, 10699A) with the sample from India. All the U2b1 lineages observed in Nepal (Maharjan
and Newar mix), Tibet, Thailand and Myanmar share an ancestry with U2b1 observed in India.
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(Siva etal., 2017).
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Figure 4.22 | Phylogenetic tree of Hg U2b1 based on complete mitochondrial sequences. Sub lineages
U2blal, U2blb and U2blc that coalesce with U2b1l were newly defined in this study. Mutations relative
to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each sequence are
shown in the box with geographic color code. The number (1', 2'... n') corresponds to the reference for the
analyzed sample. The hg written in black color represents newly defined hg in this study, whereas red
color indicates the predefined Hg in PhyloTree (Oven, 2015).

Similarly, complete mtDNA analysis of the samples belonging to the hg U2c1 was also performed
as shown in Figure 4.23. Sub hg U2c1 shows huge diversity Among the Nepali populations. U2cl
might be one of the oldest lineage to be present in the geographic region occupied by modern
day Nepal. Age of hg U2c1 was estimated to be =33.41 Kya, in a good agreement to the previous
study which estimated the Age of hg U2c1 to be =28,800 years (Silva et al., 2017). In present
study, new branch that coalesce with the U2c1 was identified and named as U2clc. Further, four
different clades were identified, hereby designated as U2clc, U2clcl, U2clcla and U2clclb.
Complete sequence analysis revealed Nepali sample to cluster with Indian and Thai-Laos sample.
Further Nepali sample share a close ancestry with the Thai-Laos sample as reflected by high
sequence homogeneity of Thai-Laos sample with the Nepali sample compared to Indian sample.
Interestingly, Brahmin of Tanahun shared several basal variants with the Maharjan of Kathmandu.
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Figure 4.23 | Phylogenetic tree of Hg U2c1 based on complete mitochondrial sequences. Hg U2 is one of
the oldest lineage to inhabit South Asia. Mutations relative to the RCRS are indicated on the branches.
Sample ID/GenBank accession number for each sequence are shown in the box with geographic color
code. The number (1, 2'... n') corresponds to the reference for the analyzed sample. The hg written in
black color represents newly defined hg in this study, whereas red color indicates the predefined Hg in
PhyloTree (Oven, 2015).

5. Haplogroup U5
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Hg U5 is found throughout Europe. Surprisingly only a Single Maharjan sample belonging to
subclade U5alb1lf were observed in present study. Previously, subclade U5al was observed in
low frequency in Kathmandu and Morang (Wang et al., 2012).

4.4.1.9.2 Haplogroup U7

Hg U7 is the major west Eurasian lineage found in Newar populations. Frequency of hg U7 was
higher in Shakya (15.78%) followed by Maharjan (10%), Shrestha (8.33%), Newa-mix (2.08%) and
Brahmin (2.08%). Surprisingly, Hg U7 was completely absent in Udaya and Magar. Previous study
done in Nepali population shows high incidence of U7 among Tamang (15.6%) and completely
absent among Tharu population (Fornarino et al., 2009; Gayden et al., 2013). Hg U7 is detected
at high frequencies in populations throughout Iran, Pakistan, Northwest India and the Arabian
Peninsula (Quintana-Murci et al., 2004). U7a, U7ala and U7a3 are the major U7 clades present
in Indian populations and these lineages have wide spread distribution in India (Palanichamy et
al., 2015).

Phylogenetic analysis: Intriguingly, the U7a3a lineage observed in Newar population of Nepal
were found to cluster exclusively with the Afghanistan sample. Whole sequence analysis shows
sharing of three basal variants (5291C-9266A-16223T) between Newar and Afghan sample
(Pashtun people). This has led in to the identification of new sub lineage, named herein as
U7a3a2. Further, within the Nepali samples; Shrestha, Maharjan and Shakya share two more
variants (98545A, 15364T) to form a distinct and possibly a Nepal specific subclade named herein
as U7a3a2a. The homogeneity (less genetic diversity) between the Shrestha, Shakya and
Maharjan may indicate that the population has been descended from a small number of
colonizing ancestors (Founder effect). Further the variant 9099T, is shared in between two Shakya
samples. Absence of variant 9098C in other sub caste of Newar, shows the population expansion
has occurred within the Shakya caste. This can be explained as a result of introduction of caste
system the variant is limited within the Shakya clan (Endogamy). Sub Hg U7a3al were not found
in Nepali population. Only mtDNA D loop sequence of Tamang were available from previous study
(Gayden et al., 2013), of which all D-loop variants of Tamang fit to Hg U7a except one variant
(16298C) which were not observed in Newar samples. This difference in the lineage between
these two populations might suggest expansion of specific lineage within the restricted
geographical region.

Sub Hg U7ala has a wide distribution throughout India and are observed mainly in the Brahmin
and Muslim population. Indian U7ala sequences cluster with the Pakistani and Iran-Persian
samples (M. Derenko et al., 2013). Sub Hg U7ala was found in low frequency (2.78%) among the
Shrestha population of Nepal. Complete sequence analysis shows Shrestha sample to cluster with
Brahmin from North India (Jammu-Kashmir and Uttar Pradesh) and West Bengal. Shrestha sample
share two variants (16172C and 16309G!) with the Indian samples to form a new sub clade name
herein as U7alala.
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Figure 4.24 | Phylogenetic tree of Hg U7al and U7a3a based on 24 complete mitochondrial sequences
of which 6 complete mtDNA sequences were generated in this study. U7a3a lineage of Nepal share an
ancestry with the Pashtun people from Afghanistan. Pashtun people are predominantly Eastern Iranian
people and lives in Pakistan and Afghanistan. Sample ID/GenBank accession number for each sequence
are shown in the box with geographic color code. The number (1', 2'... n') corresponds to the reference
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for the analyzed sample. The hg written in black color represents newly defined hg in this study, whereas
red color indicates the predefined Hg in PhyloTree (Oven, 2015).

Sub Hg U7b was found in very low frequency in Shrestha (2.78%) and Maharjan (1%). Complete
sequences for this sub lineage were available from Italy, Croatia, Russia, Israel, and India.
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Figure 4.25 | Phylogenetic tree of Hg U7b based on 20 complete mitochondrial sequences of which 3
complete mtDNA sequences were generated in this study. Age of hg U7b is between 5,400 and 15,600
years (Behar et al., 2012b).

One sample belonging to Shakya was found to cluster with the sample from Karnataka (south
India), Brahmin of Uttar Pradesh and Punjabi of Lahore (Pakistan). New subclade U7c3 was named
accordingly to the recent study (Sahakyan et al., 2017). Further, 14131T variation was found to
be present in Uttar Pradesh and Nepali sample were as it was absent in Punjabi sample.

4.4.2 Haplogroup Nlalb

Hg N1la is present in West Eurasia. N1a has also been observed in central Asia and Southern
Siberia. Hg N1a was found in a 2,500-year-old Scytho-Siberian burial in the Altai region (Miroslava
Derenko et al., 2007). Hg 11e, and N1albl were observed in the present study.

4.4.2.1 Haplogroup |

Hg” I” is a sister clade of Hg N1albl. Hg “I” is present across West Asia and Central Asia, and is
also found at traces frequencies in South Asia.
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Figure 4.26 | Phylogenetic tree of Hg N1alb based on 22 complete mitochondrial sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number of each
sequence are shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015).

After the first initial settlement =45-65 Kyr ago the earliest movement into the South Asian
population occurred from West Eurasia. Genetic evidence for this movement is provided by the
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Hg Nlalb (Silva et al., 2017). Hg “I” has been previously reported to be present in Nepali
population; Hindu from Morang (4.2%) (Fornarino et al., 2009) and Nepali-other (individual from
Kathmandu and Eastern Nepal) (2%)(Wang et al., 2012). It is also present at trace frequencies
among the Kshatriya (1.28%) and Arya (2.1%) of Uttarakhand, India (Negi et al., 2016). Hg | was
reported to be absent in a previous study done on Newar population (Gayden et al., 2013). In
present study, Hg l14e was detected in high frequency (10.75%) exclusively only in Manandhar.

Manandhar sample belonging to Sub Hg I1e shares an ancestry with the population from Thailand
and India. Further, Manandhar is relatively closer with Thailand, in which one basal variant
(14542T) is shared between Manandhar and Thailand sample (GenBank: KX457356). In the
present study, several sub Hgs were newly named as shown in the phylogenetic tree (Figure 4.26).

4.4.2.2 Haplogroup Nlalbl

Hg N1alb1l has been observed exclusively in Brahmin (4.16%). Previously, N1alb1 was reported
to be present in Kathmandu (2.6%) (Gayden et al., 2013). Sub Hg N1 was also present at trace
frequency (0.8%) among the individual from Kathmandu and Eastern Nepal (Wang et al., 2012).
This Hg is also detected in India, but in very low frequency.

Common ancestor of Lineage N1albla present in Nepal (Brahmin), Siberia and Pakistan dates to
=19 Kyr (Figure 4.26). In addition, Nepali samples shared two variants with the Siberia and
Pakistani samples, indicating a deep ancestral relationship.

4.4.3 Haplogroup W

Hg W is predominant in the eastern half of Europe, in the North Caucasus, in Central Asia, in Iran
and in India. Though Hg W has wide distribution throughout North-West of the Indian
subcontinent it is rarely found in the East Indians. Sub-Hgs of W such as Wilc, Wilg, W3, W3al,
W3alb, W3a2, W4 and W4a are observed in the Indian populations (Palanichamy et al., 2015).

Sub Hg W3alb is found specifically in India and Pakistan (Quintana-Murci et al. 2004; Rakha et al.
2011). Previous study showed presence of Hg “W” only in Sherpa population and was completely
absent in other Nepali populations including Newar. In contrary to previous study, W3alb lineage
has been observed in Newar in small frequency; in Manandhar (1%), Shrestha (2.2%) and Udaya
(3.4%). Complete mtDNA sequence analysis shows W3alb of Manandhar and Shrestha are
different than those of Udaya as reflected by their distinct clusters in the phylogenetic tree
(Figure 4.27). In present study, Individuals from Manandhar and Shrestha cluster with W3alb
lineage of India and Pakistan, in which single basal variant is shared further between Nepali and
Indian sample to form a new sub clade. Whereas, W3alb of Udaya share ancestry with Thailand-
Laos and India, in which one basal variant (225A) is shared between these populations to form a
new subclade. Further one more basal variant (11194G) is shared between India and Thailand.

76



Results

Geographic
color code
Nepal
Thai-
laos
W3a1b
Unknow ’ ’ | ’
n 146T! 4005G  16362C 225A
| 161927
96:|LlT % 23i|39T 142|58A 93G 215G 15019C  11194G 1406C!
16290T 4386C 8477G | 4316G 6953G 4823C
6941C 14484C W3alb2 15310C 7340A 10873T!
11461G 15490T 16172C 9708C 16093C
16188T 16297C | |
16231C 3106Gap 3106Gap  W3albl ST 5186G 227G W3a1b3
8952C 3350C 5 15952T 10373A
11947G! 5460A! 6 3 16243C 13748G
16093C 141297 522insAC | 13759A 8994A!
16104T 8935T W3alb4
10283G
KX457005
KX45700
KX457009
KX457100
KX457103
Kgﬂggz STHO06 KO\ U029 | UDo10
1' 5' 6' 1' 1'

Figure 4.27 | Phylogenetic tree of Hg W3alb based on 23 complete mitochondrial sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequence are shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015).

4.4.4 Haplogroup A

Hg A is a Northeast Asian specific Hg. Highest frequency of this Hg is observed in the indigenous
people of the Americas. Sub Hg A2 is one of the five mtDNAs found among the indigenous people
of America, the other being B, C, D and X. lineage belonging to A2 is also found among the several
populations from Siberia. Its greatest variety and overall population frequency is observed among
the East Asians (Table 8.2). Thus, This Hg is believed to be originated and spread from Far East

(Fagundes et al., 2008). Frequency of hg “A” observed in Nepali and Indian population are shown
in the Table 4.6.
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Population Location I(:c;:fuency Population Location ;r(ij)l;enc
Sherpa Nepal 24.0 Adi North-East India 26.7
BJR Nepal 10.0 Apatani North-East India 19.0
N-MIX2 Nepal 7.6 Nishi North-East India 18.2
MDR Nepal 7.5 Shah North-India 17.1
Udaya Nepal 6.9 Changpa North-India 16.1
Nepali-other Nepal 6.1 Bhoi North-East India 13.8
N-MIX Nepal 6.0 Tamta North-India 11.8
Kathmandu Nepal 5.2 Tipperah North-East India 10.0
Tamang Nepal 45 Goswami North-India 8.7
STH Nepal 2.8 Ladhak North-India 8.3
BR-NP Nepal 2.1 Arya North-India 4.3
Maharjan  Nepal 1.0 Kshatriya North-India 3.8
SHK Nepal 0.0 Apatani North-East India 3.8
MGR Nepal 0.0 Brahmin-UTK North-India 24
H-TE Nepal (0.0 Tharu-UTKH North-India 2.2
TH-CI Nepal 0.0 Lyngnga North-East India 1.4
TH-CII Nepal 0.0 Khyn North-East India 1.2
TH-E Nepal 0.0 Tharu-UP  North-India 0.6

Table 4.6 | Frequency of Hg A in Nepali and Indian populations. Highest frequency of hg A was observed
among the Sherpa (24%) and Tibeto-Burman speaking population from North-East India. Surprisingly Indo-
European speaking population Shah from Uttarakhand (India) shows higher frequency for hg A (17.4%).
The background color gradient in green, white and red represent high, moderate and low frequency
respectively.

In present study, majority of lineage “A” of Newar were unable to assign into predefined sub hg.
Each sample branch off form the node A+152+16362, from which also arise hg A1, A2, A6, A15,
Al6, A17, A18, A19, A20, A21, A22, A23, A24, A25 and A26. Two sample from Manandhar fall
under A17 hg, whereas the other sample branch off from A+152+16362 separately and do not
cluster with any of these predefined hg. New Hg A27 and their sub clades (A27a and A27b) were
newly defined for these samples. As shown in the phylogenetic tree, all the samples belonging to
newly defined hg A27 shared similar basal haplotype. This homogeneity in the sequence between
the Maharjan, Manandhar, Shakya, Shrestha, Udaya and Newa_mix indicate that the population
has been descended from a small number of colonizing ancestors (Founder effect).
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Figure 4.28 | Phylogenetic tree of Hg A based on 14 complete mitochondrial sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequence are shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015).
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4.5 Phylogeographic pattern of the dominant Hgs within the Macro
Hg M.

(M*| [m7] |ms] [m9] [G] [D]
incl incl incl incl
Q I C E

Z

Figure 4.29 | Phylogenetic tree of mtDNA Super Hg M. For convenient, tree of Macro Hg M is divided
into 6 subtrees (Phylotree.org).

4.5.1 Haplogroup M2

Hg M2 is the oldest lineage on the Indian subcontinent (Kumar et al., 2008; Rajkumar, Banerjee,
Gunturi, Trivedi, & Kashyap, 2005) believed to be originated in South west India (Silva et al., 2017).
It is most common among the population from Uttar Pradesh such as Musahar (13.33%), Koli
(8.33%), Harijan (6.89%) and South Indian such as Andh (13.63%), Naikpod (11.62%) and Pardhan
(9.35%) (Table 8.2 & Table 8.1). In the present study, sample each belonging to Bajracharya,
Shakya and Udaya are allocated to sub Hg M2a3a. Similarly, one sample from Maharjan belong
to M2ala+207 sub Hg. Previous study showed presence of hg M2 in Newar (3.03%) and Nepali-
other (0.4%) group (Table 8.2 & Table 8.1).

When Nepali and Indian M2a3a lineage were compared, one basal polymorphism (11827C) was
found to be shared in between two Indian sample and two Nepali sample. Subsequently two basal
polymorphisms (9182A, 16227G) was shared between two Nepali samples to form a new
subclade M2a3a4. In present study Hg M2a3al, M2a3a3, M2a3a3 and M2a3a4 where newly
named as shown in the PhyloTree (Figure 4.30). The shared basal variants between Nepal and
Indian M2a3a lineage provides a direct genetic evidence to the long ancient link between India
and Nepal.
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Figure 4.30 | Phylogenetic tree of Hg M2a3a based on 11 complete mitochondrial sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequence are shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
reference for the analyzed sample. The hg written in black color represents newly defined hg in this study,
whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015). M2a3al, M2a3a2, M2a3a3 and
M2a3a4 are the newly defined sub lineages in this study.

4.5.2 Haplogroup M3

Hg M3 is found mainly in South Asia with highest concentration observed in West and North-
West India. In present study, Hg M3 was observed among Newar, with highest frequency in
Shakya (10.52%), Shrestha (5.55%) and Udaya (5.17%). Similarly, this Hg were also detected in
Brahmin (8.33%) and Magar (2.7%). According to previous study, Hg M3 were also found among
Hindu-Terai (8.33%), Kathmandu (5.19%) and Nepal-other (3.6%) population.
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Single sample of M3c2a of Nepal clustered with the individual from India and Pakistan.
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Figure 4.31 | Phylogenetic tree of Hg M3c based on 16 complete mitochondrial sequences. Mutations
relative to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each
sequences are shown in the box with geographic color code. The number (1', 2'... n') corresponds to the
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reference for the analyzed sample. The hg written in black color represents newly defined hg, whereas
red color indicates the predefined Hg in PhyloTree.

Sample belonging to Udaya, Bajracharya, Shakya and Hindu-Terai share a basal variant (16051G)
with the sample from Jammu and Kashmir, India.

Complete mtDNA analysis of hg M3d shows its recent arrival via migration into Nepal. Bearer of
hg M3dla might have entered recently into Nepal via migration as revealed by the complete
mtDNA (Figure 4.32).
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Figure 4.32 | Phylogenetic tree of Hg M3d based on 12 complete mitochondrial sequences. One sample
belonging to Bajracharya was unable to locate to the predefined branch of hg M3.

4.5.3 Haplogroup M4"67
Hg M4”67 is assumed to be originated in central India (Silva et al., 2017). This hg shows an

extraordinary branching which extends to the wider geographic regions of South Asia. The age of
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these lineage is =45-35 Kyr (Silva et al., 2017). Few sample from Brahmin (2.083%) in this study
and Tamang (4.5%) from previous study was unable to assign to the already defined Hgs
belonging to super Hg M4"67.

Super Hg M4”67 encompasses the following Hgs as shown below

e M4'65'67: < M4 M65 M67 e M43
e [MI18"38 < M18 M38 e M45 M63
e M30 e M64
e M37 e M66

Hg M65b was present exclusively only among the Brahmin population in a very low frequency
(2.08%). Hg M65 was found in higher frequencies among the population from Uttarakhand, India
(Negietal., 2016). Hg M18 is present in Magar (2.70%) and Shrestha (2.77%). Previously reported
to be found in the individual from Kathmandu, East Nepal (Wang et al., 2012) and Tharu
population from Chitwan (Fornarino et al., 2009). Hg M38 is present in India, Myanmar and Nepal.
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Figure 4.33 | frequencies of Hg M4”67 observed in the Nepali populations. Hg M38 observed in high
frequencies in Hindu Terai is also observed in Manandhar, Bajracharya and Shrestha. Whereas this Hg was
completely absent in other Newar populations. M30 was also absent in Magar and Brahmin group

4.5.3.1 Haplogroup M38

Hg M38 is one of the most common lineage in Manandhar caste (10.75%) and detected in low
frequency in Shrestha (2.78%). As reported by Previous studies, this Hg was also detected in high
frequency among Tharu (20%) from Morang District of Southeastern Nepal, Tibeto-Burman
speaking Naga people (16.27%) from Nagaland (North East India), Tibeto-Burman speaking
people from Rakhine state (4.7%) and Magway state (4.16%) of Myanmar (Table 8.2).
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One sample from Myanmar share a variant (16111T) with the Indian sample. Similarly sample
from India and Nepal belonging to M38a clade, share three basal variants (77149G, 15940C,
16319A) to form a new sub Hg named herein as M38al. Several basal variants are shared within
the different caste of Newar to form sub Hgs newly named as M38d1 and M32d2.
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Figure 4.34| Phylogenetic tree of Hg M38 & M43 based on 22 complete mitochondrial sequences.
M38a2, M38al, M38d1, M38d2 and M43b1 are the newly named sub Hgs in this study. Mutations relative
to the RCRS are indicated on the branches. Sample ID/GenBank accession number for each sequence are
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shown in the box with geographic color code. The number (1', 2'... n') corresponds to the reference for the
analyzed sample. The hg written in black color represents newly defined hg in this study, whereas red
color indicates the predefined Hg in PhyloTree (Oven, 2015).

4.5.3.2 Haplogroup M43b

Hg M43b was present in low frequency in Shrestha (2.77%) and Magar (2.27%). It is one of the most
common lineage among the Tharu of Chitwan (TH-Cl: 10%, TH-Cll: 9.21%), whereas detected in low
frequency among the several other Nepali populations. In present study, whole mtDNA sequencing was
not performed for this lineage. Hence the mutations observed in present study were compared with the
basal variants observed in the phylogenetic tree of M43b (Figure 4.34) generated using all the available
published sequences. It was observed that, the Shrestha M43b lineage share a terminal mutation 3866C
with the Nepali sample (GenBank: JF742211) and 16092C variation with the samples from India (GenBank:
GQ337648, F1383428, FI383429).

4.5.3.3 Haplogroup M30

M30 Hg has been detected in Yemen, Egypt, Tunisia, Palestine, Saudi Arabia, South Africa, Iran,
India, Nepal and China (Table 8.2). Hg M30 and its sub Hg M30a, M30b, M30c and M30d has a
broad geographic, ethnic and linguistic distribution in India. It is a South Asian specific Hg. Among
the Newar, the highest frequency of M30 has been observed in Shrestha (11.11%), followed by
Udaya (10.34%) and Manandhar (3.22%). Its frequency was 4.1% in Brahmin. According to
previous study, highest frequency of M30 was observed in Hindu (25%) from Morang, Nepal.
Similarly, this Hg was also reported from Kathmandu (5.19%) (Gayden et al., 2013), individual
from East-Nepal including Kathmandu (6.5%)(Wang et al., 2012).

M30+16234T: Udaya (5.17%),

M30b: Shrestha (8.33%), Newa-mix (6%), Udaya (1.72%), Manandhar (1%),
M30d/M30d1: Hindu Terai (25%), Nepali-other (4.47%), Udaya (3.44%), Shrestha
(2.77%), Brahmin (2.08%),

M30e: Kathmandu (1.29%)

M30g: Brahmin (2.08%). Age of this hg is =8.7kyr (Silva et al., 2017)

X/ X/
XA X4

e

AS

R/
L X4

e

AS

Unresolved M30+16234T lineages belonging to Udaya shows, the sharing of terminal
polymorphism (8886A, 11437C) between the two samples of Udaya. This led into the
identification of a new sub-Hg named as M30h. Newar sample belonging to M30b2 lineage
clustered with the Indian sample and one unknown sample.

Complete mtDNA sequencing of sample belonging to M30d1 lineage, shows the sharing of
variants between (7419A, 8502G, 13020C, 14518G, 15773A) between two samples of Udaya to
form a new sub Hg (m30dilc). Similarly, the samples belonging to Shrestha and Newar-mix
matches the terminal variants with the Indian sample (GenBank: GQ337540) indicating the Indian
maternal influence on Newar.

86



Results

M467 Geographic colour
| code
195A
15431A Nepal
|v||30 India -
| | | | | | Pakistan
513A  146T! 15259T 5894G 204C 16234T 152T! . .
12234G 16302G 16368C 6119T 5147A Saudi Arabia
16278C! .
M30a M3|’Oc M3|Od M|30f M3|0g 15211 16311T! South Africa
159|)8A 8886A M3|Ob Unknown
| 11437C 6620C |
M30d1 13303T | |
| 295T | 13980A 5529G 4947
| | [M30h] 48246 M30e 11017C  16355T
195A 7419A 5529G
8502G 6449T
13020C 9692G
15930A 16302G! 14518G 11017C 372C 16192T
15773A  [UD007 | 14783C! 9716C 5899insC 6449T
1" 15130T 10238C M30b14] 9692G
3335C 15055C 239C M30d1c | 16278c114053G
14155T 15097C 12223G 4026G 16189T! M30b2b]
16179d 16269G 13563G 16278C 151T | |
elc [ ] 214G 53A 183G  469T 44insC
6752G 8701A 956T 55C 3381G 1284C 8937C 146T! 295T
9713A 4343G  94A  6242T 7647C 16304C 152T
13620C 4703C 4586C 8491G 11914G!16391A 247G!
14306T| 900 8273T 8650G 14053G 14870G 248G
Makra 8654C 16093C 249delA
ni 16189T! 16266T 268T
(Arab) 489C!
316C &) 4244A
|
KJ;’:“ UD016 | UD013 | UD036 MD; 0
3 4 2 6 1 1 1
Uttar Rajast Andra| North Kanna Jatt_- Unkn
Prade han Prade | East da Punja -
sh sh | India bi

Figure 4.35 | A maximum-parsimony tree of Hg M30 was constructed based on 21 complete mtDNA
sequences. Mutations relative to the RCRS are indicated on the branches. Sample ID/GenBank accession
number for each sequence are shown in the box with geographic color code. The number (1', 2'... n')
corresponds to the reference for the analyzed sample. The hg written in black color represents newly
defined hg in this study, whereas red color indicates the predefined Hg in PhyloTree (Oven, 2015).

4.5.4 Haplogroup M5

Genetic evidence for the gene flow from South Asia in the Newar populations are mainly provided
by the Hg M5. The frequency and diversity of Hg M5 reveals that it might have originated in
central India and spread out to the eastern and western regions of India (Chandrasekar et al.,
2009). In India, hg M5 has a wide distribution in both Dravidian as well as Indo-Aryan speaking
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population. Interestingly, M5 are also reported among the Austroasiatic speaking population such
as Saharia (9.43%) from Madhya Pradesh (Table 8.1).

Hg M5 is one of the most common lineage in Newar and Tharu (Chitwan Il). The frequency of M5
Hg is higher in Shakya (15.78%), Manandhar (11.82%), Udaya (13.79%), Newar mix (12.12%) and
Bajracharya (5%). Low frequency of hg M5 was observed in Brahmin (2.7%) and Magar (2.7%),
most likely resulted due to the gene flow from neighboring populations. Higher Frequency of hg
M5 was reported among the Uttar Pradesh populations such as Musahar (20%), Lodhi (14.2%),
Bhar (10.24%), Harijan (6.89%) and Tharu (6.66%). Frequency of M5 were also higher among the
South Indian population from Andra Pradesh, such as Naikpod (15.11%) and Pardhan (9. 94%)
(Table 8.1). In Uttarakhand it was present in Kshatriya (10.25%) and Tharu (6.67%). Frequency of
hg M5 was 8.5% among the Hindu samples from New Delhi (Table 8.1).

Interestingly, M5 sub lineage observed among the Newar sub caste, Magar and Brahmin
populations where different with each other. Majority of M5 lineages observed in Manandhar
(11.82%), belongs to M5a (9.67%). Shakya which contains the highest frequency of M5a (15.78%)
includes three majors sub-Hg; M5a2ala2 (5.2%), M5b2b (5.2%) and M5c2 (5.26%). Maharjan only
contains M5a lineage (4%). Detail sub lineage of M5 observed in the studied populations is given
below:

+ M5a
= Mb5a: Manandhar (9.67%), Maharjan (4%), Udaya (3.4%), Newa-mix (2%)
= Mb5a2alal: Brahmin (2.08%)
= M5a2ala2: Shakya (5.26%),
+ M5b2b: Shakya (5.26%), Bajracharya (5.26%), Udaya (3.4%), Magar (2.7%),
+ M5c
=  M5cl: Shrestha (2.7%)
= M5c2: Udaya (6.89%), Shakya (5.26%), Manandhar (1%)
4+ M5d: Manandhar (1%)

Hg M5 is detected in higher frequency in Newar and Tharu (Th-Cll). Whereas its frequency is > 5%
in other Nepali populations. Hg M5 were also observed in very low frequency in Burma, Tibet,
Thailand, Iran, Laos etc. To further access the variability within the Hg M5, mtDNA phylogeny
based on complete mtDNA sequences of this study and all available published sequences were
constructed.

Basal variant 12477C was shared between Manandhar and Udaya population to form a new sub
clade named herein as M5a6. Sub Hg M5a2ala was present only in one individual belonging to
Brahmin population. Sub Hg M5b2b were present in Shakya (5.26%), Bajracharya (5%), Udaya
(1.72%), Maharjan (3%) and Newa mix (2%). Previous study shows, this Hg were present in small
frequency among the Kathmandu and Nepali-other population. Whole sequencing analysis of this
lineage led into the identification of three new sub lineage M5b2blb, M5b2blc and M5b2b1cl.
One sample belonging to Hg M5b2bla were found in Udaya and Magar.
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Figure 4.36 | A maximum-parsimony tree of Hg M5 constructed based on 38 complete mtDNA
sequences. Sample ID/GenBank accession number for each sequence are shown in the box with
geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed sample. The
hg written in black color represents newly defined hg in this study, whereas red color indicates the
predefined Hg in PhyloTree (Oven, 2015). In particular clade M5c2 most probably originated in Nepal is
detected in Udaya Shakya and Tharu whereas completely absent in Maharjan. The sister clade M5c1l

89



Results

observed in India is detected in Shrestha in low frequency =2%. Newly calculated age in present study is
given in Kyr. Whereas the other age provided in tree were taken from published literature (Silva et al.,
2017).

Sub Hg M5c2 was found in Udaya (6.89%), Shakya (5.2%) and Manandhar (1.07%). Previous study
revealed presence of M5c2 in the Tharu population from Chitwan. Complete mtDNA Sequencing
of M5c2 individuals from Nepal indicates, clustering of Manandhar, Shakya, Udaya, Bajracharya
and Tibetan sample. A series of basal variant were found to be shared between the Nepali and
Tibetan population, to form a distinct sub clade named herein as M5c2al. The presence of Nepal
specific branch on a Tibetan sample indicates a recent gene flow from Nepali population to the
Tibet. Similarly, Shakya and Tharu share three variants (M5c2b).

M5d was only present in one individual from Manandhar population. Previously, it was also
reported to be present among the Tharu population of Nepal (Chaubey et al., 2014). Tharu and
Manandhar sequence share four variants, to form a new sub clade named as M5d1.

4.5.5 Haplogroup M7

East Asian specific Hg M7 where not observed among the Newar, Magar and Brahmin
populations.

4.5.6 Haplogroup M8

Phylogeny of Hg M8 (Phylotree.org) based on their presence on Nepali populations:

®,

s M8a/M8a2: not observed in Nepali populations. This Hg is found in East Asia, notably in Japan.
CZ (ancestor of Hg C and 2)

X/
°

e C
= C4 (Unresolved): Tamang (2.7%), Kathmandu (1.2%)
= (Cdalala: Magar (2.7%), Nepali-other (0.4%)
= (Cda2c2: Brahmin (2.08%)
= (Cda3b: Sherpa from Nepal and Tibet (21.82%), Kathmandu (2.59%)
= C7b: Magar (5.4%)
o 7/
= 71
= Z1a
= 72
= 73
= Z73a/Z3ala: Newar and Magar populations.
= 74
= 77:Shakya

Hg C and Z are the sister clades of Hg M8. Hg C is found in North-East Asia, Siberia and also among
the Indigenous people of America. The subclades Clb, Clc, C1d, and C4c are found in the first
people of the Americas, whereas Cla is found only in Asia.
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4.5.6.1 Haplogroup C

In present study, East Asian specific hg C was present in Magar (8.1%) and Brahmin (2.27%),
whereas it was completely absent in Newar. The highest frequency of Hg M8 was observed in
Sherpa (28%). Sub Hg C7 has a greater diversity in China including Thailand. Sub clade C7a has
been reported to be present among the individuals from China, Thailand, Taiwan, Korea and
North-East India (Chandrasekar et al., 2009; M. Derenko et al., 2010; Jiang et al., 2014; Ko et al.,
2014; Kutanan et al., 2017). Sub clade C7b is present in individual from China and North-East
India particularly in Arunanchal Pradesh (Chandrasekar et al., 2009). In present study, sub clade
C7b was detected in Magar (5.4%). Interestingly Hg C7b has not been reported so far among the
Tibetan highlanders.

4.5.6.2 Haplogroup Z

Hg Z is one of the rarest mtDNA Hg (Table 8.1). Hg Z is also present in several Siberian populations
and among the Saami people of northern Scandinavia. Interestingly, sub Hg Z1 predominates the
maternal lineages of the above-mentioned populations, whereas sub Hg Z3ala has been present
in very low frequency among the Tibetans (X. Qi et al., 2013) and North East Indian. Z3ala has
been reported in North East Indian; three samples each belonging to Lepcha, Lachungpa and
Dirang Monpa (Chandrasekar et al., 2009). Overall frequency of Hg Z has been reported to be
very low (1.92%) in Tibet (X. Qi et al., 2013). Similarly, Z3/Z3a/Z3ala sub clade is also detected in
very high frequency among the several Thai populations as listed in the Table 4.7 (Kutanan et al.,
2017). These lineages where detected in both Tai-Kadai and Austroasiatic speaking population
from Thailand. Hg Z has high frequency diversity among the populations from southern China (H.
Li et al., 2007).

Table 4.7 Huge diversity of Hg Z was observed among the population from Thailand (Kutanan et al.,
2017).

i Linguistic Sample Frequency
Population ) )
Family Size (%)

Lawa LW2 Thailand Austroasiatic 24 4.16 Z3a
Paluang PL Thailand Austroasiatic 25 4 Z3a

Blang BL1 Thailand Austroasiatic 25 4 z
Phuan PUS Thailand Tai-Kadai 25 16 z4

Khon-Mueang KM3 Thailand Tai-Kadai 24 4.16 Z3ala

In the present study, Hg Z was observed in high frequency in Newar (18.66%). Within the hg Z,
subclade Z3ala was the most dominant and present in all major Newar caste analyzed in this
study. Whereas, sub Hg Z7 was confined within Shakya (10.62%) and Bajracharya (5%). Hg Z7 was
either absent in other Newar caste or present in very low frequency. Interestingly Hg Z3ala was
also present in low frequency in Magar (5.4%) and was not detected in Brahmin.

To get further insight into the origin and migratory route of lineage Z, contour maps of hg Z, Z3a
and Z3ala were created based on the Hg frequencies (Table 8.1).
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oy 2R
(B) | Haplogroup Z3a/Z3ala

Figure 4.37 | Contour map of (A) Haplogroup Z, (B) hg Z3a/Z3ala, of Nepali and other Asian populations.
The dots in the map indicate the approximate geographic locations of the analyzed populations. These
spatial-frequency distributions were created using the Kriging linear model of the Surfer 12.8 package,
based on the frequency of each Hg in different populations (Supplementary Table 8.2).

Z3ala has been observed in the Tibetan populations (Xuebin Qi et al., 2013), but their frequency
were unavailable to include in the counter map analysis. As shown in the counter map, Z3ala
were also detected in North East India, Burma and Thailand (Chandrasekar et al., 2009; Y. C. Li et
al., 2015). Hence, there are two possible routes through which these lineages might have
introduced into Nepal;

1. From Tibet (across the Himalayas)
2. Through North East India.

To get more insights into the origin and dispersal of Hg Z in Eurasia Median joining network and
a complete phylogenetic tree based on 139 complete mtDNA sequences were computed of
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which 39 complete mtDNA sequences where generated in this study. Due to the large file size the
tree was unable to include in word (only available in pdf format on request).

Nepal

NE India
China
Thai-Laos

Figure 4.38 | Median Joining Network of Hg Z based on complete mtDNA sequences. The size of the
circles is proportional to the number of individual cmtDNA sequences. Nucleotide position number shown
in the network are consistent with the Revised Cambridge Reference Sequence (rCRS). The geographic
origin of sample is shown by different colors. All the Nepali samples are shown by same colour. The C
stretch length polymorphism in regions 303—315, AC indels at 515-522, 16182C, 16183C, 16193.1C(C) and
16519 were disregarded for the network reconstruction. As shown by the Median joining Network, Thai-
Laos, North East Indian and Nepali samples (Newar and Magar) belonging to lineage Z3ala are derived
from the ancestral variant 16150T.

Maijority of the of Z3ala lineage of Nepal, India and Thailand-Laos share a common basal variant
16150T, suggesting their common maternal origin. Previous study reported Z3ala to be present
in a very small frequency among the Tibetans, unfortunately complete Tibetan mtDNA sequences
for this lineage was unavailable. Therefore, median joining network for Hg Z, based on the HVR |
sequence was also constructed (Figure 4.39), which showed the sharing of basal polymorphism
16150T among the Tibetan, Nepali, Thai-Laos and North East Indian samples to form a New sub
lineage named herein as Z3alal.
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Figure 4.39 | Median Joining Network for Hg Z3ala, based on mtDNA HVR1sequences. The size of the
circles is proportional to the number of sample. Nucleotide position number shown in the network are
consistent with the Revised Cambridge Reference Sequence (rCRS). The geographic origin of sample is
shown by different colors. The C stretch length polymorphism in regions 303—315, AC indels at 515-522,
16182C, 16183C, 16193.1C(C) and 16519 were disregarded for the network reconstruction. The network
suggests a common maternal origin for Z3ala lineage present in Tibet, Thai-Laos, Nepal and North-East
India.

As shown in the Figure 4.38, variant 9452A is shared between two North East Indian sample and
one Thai-Laos sample indicating a further closeness between Indian and Thailand Z3ala to form
a new sub lineage named herein as Z3alald. On the basis of the constructed networks, we can
see that Nepali sample belonging to Z3ala share some basal haplotypes with the Tibetan
samples. Nepali Z3ala harbor’s a number of unique (Nepal specific) haplotypes at the terminal
level, most of which branched off directly came off from the nodes occupied by Tibetan Z3ala
lineage. Further, the network analysis suggests that Z3ala tend to form a star-like shapes,
suggesting recent expansion of Z3ala lineages among the Nepali population. Three new Nepal
specific lineage Z3alala (13105G, 7269A), Z3alalb (161866T) and Z3alalc (A16166T, G14569A)
has been newly defined in this study.
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Figure 4.40 | Phylogenetic tree of Hg Z7 based on 7 complete mitochondrial sequences. One Individual
belonging to Z7 lineage of Shakya shared a terminal variant with Dirang monpa of North East India,
indicating a recent gene flow between these populations. New Hg Z7 (16212G) and Z8 (4047G, 11285G)
has been newly defined in this study. Mutations relative to the RCRS are indicated on the branches. Sample
ID/GenBank accession number for each sequence are shown in the box with geographic color code. The
number (1', 2'... n') corresponds to the reference for the analyzed sample. The hg written in black color
represents newly defined hg in this study, whereas red color indicates the predefined Hg in PhyloTree
(Oven, 2015).

4.5.7 Haplogroup M9

Hg M9 is an East Asian specific Hg. Its greatest frequency was observed among the Tibetans
(22.48%) (X. Qi et al., 2013). In present study, this hg was either absent or present in very low
frequency in Newar. Whereas sub Hg M9ala2 was present in higher frequencies (13.5%) in
Magar. This hg was completely absent in Brahmin.
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Previous study reported this Hg to be present in higher frequency in Sherpa (24.22%), Tharu
Chitwan | (19.29%), Tamang (13.52%) and Tharu Chitwan Il (11.84%). Whereas its frequency was
less than 2% in Kathmandu (Table 8.1). M9a and its four sub-Hgs (M9ala, M9ala, M9alb and
M9alalclbla) are widely distributed in East Asia and Southeast Asia. In the present study,
majority of M9 lineage belongs to sub clade M9ala2 except one sample from Udaya belong to
M9alb1l. M9ala are present in higher frequency among the Tibetans, 16.3% (X. Qi et al., 2013).
The Tibetan M9ala lineage contains the back mutation 16362C (Kang et al., 2013) which was also
detected in all Nepali M9ala lineages. High frequency of M9alb1l lineage in the Magar group
suggest a close maternal relationship with the Tibetans.

4.5.8 Haplogroup M10

Hg M10 is an East Asian specific Hg. In present study, this Hg was either absent or present in very
low frequency in different Newar sub caste (Gene flow in Newar is dominated by East Asian
(50.8%) haplogroups followed by South Asian (35.9%) haplogroups. Whereas the contribution
from West Eurasia (12.8%) is very low in Newar. Two East Asian haplogroups Z and F contribute
35.6% of the total mtDNA gene pool of Newar. Hg Z and F both are also detected in Tibetan
population. The other East Asian hgs with appreciable frequency include only hg D (5.9%) and A
(4.8%). Hg A and D are found in higher frequency diversity among the Tibetans.

Among the South Asian (35.9%) hg, only two hgs M5 (9.6%) and M3 (5.3%) shows significant
frequency contribution on Newar. Whereas the other south Asian hgs are present in very low
frequency. West Eurasian hg U7 has 4.3% contribution to the total mtDNA gene pool of Newar.

Table 4.5). Hg M10 was completely absent in Brahmin and Magar.
4.5.9 Haplogroup M12'G

M12°G consists two Hgs (Phylotree.org):
1. M12: Detected in Arunachal Pradesh and Orissa of India. Hg M12 was not observed
among the Nepali population in present as well as in previous study (Table 8.1).
2. G: Itis an East Asian specific Hg.

4.5.9.1 Haplogroup G

Hg G is an East Asian specific Hg. This hg is also present in Central Asia where it makes up to 20%
of the mtDNA pool. Hg G is divided into subclades G1, G2, G3, and G4 (Phylotree.org). Sub Hg G2
was only observed in Newar, whereas Hg G3 were observed in Brahmin (6.25%). Interestingly,
this Hg were not detected in Magar. Sub Hg G2 were also observed in high frequency among the
Tharus population from Nepal (Table 8.1). Complete mtDNA analysis shows the clustering of
Brahmin G3 lineage with those detected in China, Tibet and Kashmir. Moreover, Brahmin G3
lineage share the most recent common ancestors with G3 lineage detected in Kashmir. Newar
sample (Maharjan, Udaya, Manandhar and Newamix) belonging to lineage G2ald2 share an
ancestry with the sample from Belarus (Central Asia). The shared basal variants (4833G and
16227G!) between Belarus and several Newar sample define a new clade named as G2ald2b.
Whereas the two sample from Udaya belonging to Haplogroup G2b2a1l cluster with the sample
from India
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Figure 4.41| A maximum-parsimony tree of Hg G. Tree was constructed using 26 complete mitochondrial
sequences of which 13 complete sequences were generated in this study. Mutations relative to the RCRS
are indicated on the branches. Sample ID/GenBank accession number for each sequence are shown in the
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box with geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed
sample. The hg written in black color represents newly defined hg in this study, whereas red color indicates
the predefined Hg in PhyloTree (Oven, 2015).

4.5.10 Haplogroup M31

Haplogroup M31 was observed among several Nepalese populations with a frequency <2.5%
(Table 8.1 & Table 8.2). Frequency and distribution of M31 haplogroup is given below:

+ M31la
= M31al: Andamanese-specific lineage,
= M31a2: Present in Tamang (2.27%)
+ M31b:
=  M31b: Tharu Chitwan | (1.17%), Tharu Chitwan Il (1.3%)
= M31b2: Brahmin (2.08%)
+ M31c: Newa_mix (2%), Maharjan (1%), Nepali-other (0.4%)

M31 was reported to be preset in Andamanese Island. This haplogroup was present in high
frequency among the Austroasiatic speaking tribes from North East (Meghalaya) India (Reddy et
al., 2007). Haplogroup M31 is also reported to be present among the Saharia (Austro-Asiatic)
from Madhya Pradesh, India. In North India, this haplogroup where reported to be present only
in Tharu (2.2%) from Uttarakhand. Small frequency were also reported among the Tibeto-Burman
speaking populations from Myanmar; Burmans (1.8%) and Naga (2.3%) (Y. C. Li et al., 2015).
Similarly, in Tibet M31 was found only among the Monb (3.9%) group. This haplogroup where
reported in very low frequency among Chakma and Marma; Tibeto-Burman speaking population
from Bangladesh (Gazi et al., 2013).

45.11 Haplogroup M33

Haplogroup M33 is a South Asian specific haplogroup and one of the oldest lineage present in
South Asia. In present study, this haplogroup was found in very low frequency in Udaya (3.44%),
Manandhar (1.07) and Magar. Previous study reported this haplogroup to be present in higher
frequency in Newar (6.06%) (Gayden et al., 2013). Similarly, this haplogroup were also reported
to be present in several other Nepali populations; Tharu Cll (7.01%), Eastern Tharu (7.5%),
Kathmandu (6.4%) and Nepali -other (2.8%) (Table 8.1). Haplogroup M33 has a wider distribution
throughout India and has been reported to present among Tibeto-Burman, Austroasiatic,
Dravidian as well as Indo European speaking population of India. M33a is reported to be present
in Gujrat India (Thangaraj et al., 2006). This haplogroup has also been reported to present in high
frequency in Meghalaya (North East India) and Uttarakhand (North India). Whereas, small
frequency where observed in South India.

Complete sequence analysis shows M33a linage detected in Udaya cluster with the Tharu and
individual from Kathmandu/Eastern Nepal (Wang et al.,, 2012) to form a Nepal specific sub
haplogroup named herein as M33ala2. Similarly, another Udaya sample share a basal variant
(16192T) with the samples from Sikkim to form a new sub clade named newly as M33alal.
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Figure 4.42 | A maximum-parsimony tree of haplogroup M31 and M33 based on 22 complete
mitochondrial sequences. Mutations relative to the RCRS are indicated on the branches. Sample
ID/GenBank accession number for each sequence are shown in the box with geographic color code. The
number (1', 2'... n') corresponds to the reference for the analyzed sample. The hg written in black color
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represents newly defined hg in this study, whereas red color indicates the predefined Hg in PhyloTree
(Oven, 2015).

Haplogroup M33al was observed only in Nepal and Sikkim. Within the M33ala clade high
diversity was observed among the Nepali group compared to Sikkim, suggesting a gene flow from
Nepal to Sikkim at =2Kyr ago. Age of haplogroup M33al is estimated to be =25.4 Kyr old (Silva et
al., 2017). Hence, Nepali populations harbors ancient and indigenous south Asian specific mtDNA
haplogroups.

45.12 Haplogroup M34

Small clades of haplogroup M34 are present in South Asia. M34a are reported to be present in
Karnataka of India (Thangaraj et al., 2006). Among the Newar, haplogroup M34 was found only
in Shrestha (5.5%) and Udaya (1.7%). This haplogroup was also found among the Brahmin (2.08%)
and Magar (2.08%) from Tanahun district. Interestingly the sub-haplogroups found among
Brahmin, Shrestha and Udaya where different with each other. Frequency and distribution of
Haplogroup M34 is given below (Table 8.1):

4+ M34”57 (unresolved): Magar (2.08%)
4+ M34 (Unresolved): Kathmandu (1.29%), Nepali-other (0.4%),
e M34a: Newar_mix2 (1.5%),
o M34ala: Udaya (1.72%), Nepali-other (1.29%),
o M34a2: Shrestha (5.55%)
e M34b: Brahmin (2.08%), Nepali-other (2.4%)

45.13 Haplogroup M35

Haplogroup M35a is found in India. Sub haplogroup M35b has been reported to present in Karnataka
India, Nepal, Myanmar and Slovakia. Among the Newar, M35b is only present in Manandhar (4.30%) and
Udaya (3.44%). Haplogroup M34b2 were also observed in Brahmin (4.1%). Hg M34b were also detected
in the previous studies done on the Nepali populations; Newar (1.5%), Kathmandu (5.1%), Nepali-other
(3.2%) and Tharu Cll (1.3%) (Table 8.1). M35 lineage detected in Newar belongs to sub haplogroup M35b4.
M35b4 observed among the Newar were not detected in other Nepalese populations studied so far.
Lineage M35b2 detected in Brahmin from Tanahun district, were also observed in Kathmandu (Gayden et
al., 2013). Frequency and distribution of haplogroup M35 in Nepali populations (Table 8.1) studied so far
is given below:

+ MB35 (Unresolved): Newar_mix2 (1.5%), Tharu Cll (1.31%)
< M35b
= M35b: Nepali-other (3.25%)
= M35b2: Brahmin (4.16%), Kathmandu (5.19%)
= M35b4: Manandhar (4.3%), Udaya (3.44%)
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Figure 4.43 | A maximum-parsimony tree of haplogroup M34 and M35 based on 20 complete
mitochondrial sequences. Mutations relative to the RCRS are indicated on the branches. Sample
ID/GenBank accession number for each sequence are shown in the box with geographic color code. The
number (1', 2'... n') corresponds to the reference for the analyzed sample. The hg written in black color
represents newly defined hg in this study, whereas red color indicates the predefined Hg in PhyloTree
(Oven, 2015).Two Myanmar sample clusters with Indian sample by sharing basal variant (2833G),
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indicating a recent gene flow from India to Myanmar. In present study, several sub haplogroup were newly
defined as shown in the tree. Age of clade M35b4 is assumed to be =8.6 Kyr old (Silva et al., 2017).

45.14 Haplogroup M52

M52 is a south Asia specific haplogroup. M52 haplogroup contain two sub haplogroups M52a and
M52b. M52a haplogroup has been previously detected in Indian Muslim populations
(Eaaswarkhanth et al., 2010), Tharu from Uttarakhand (India), Tharu from Nepal (Chaubey et al.,
2014) and Yemen. In the present study, Haplogroup M52b was present in high frequency in Magar
(10.8%), whereas its frequency was lower in Newar and Brahmin (2.98%). Previous study revealed
this sub clade was present in Tharu (2.5%) from Morang District of Southeastern Nepal and
Nepali-other (2.84%) population (Table 8.1).
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Figure 4.44 | Phylogenetic tree of haplogroup M52b based on 11 complete mitochondrial sequences of
which three complete sequences were generated in this study. Mutations relative to the RCRS are
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indicated on the branches. Sample ID/GenBank accession number for each sequence are shown in the box
with geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed sample.
The hg written in black color represents newly defined hg in this study, whereas red color indicates the
predefined Hg in PhyloTree (Oven, 2015). The Homogeneity in the sequences among the populations from
Kathmandu (Gene Bank: JF742203), Maharjan and Newamix has led into the formation of new Nepal
specific branches M52b2.

Complete sequence analysis shows the North East Indian sample and Tharu sample share a series
of basal variants to form a new subclade named herein as M52b1b and M52b1b1. Similarly,
Maharjan and Newamix cluster with the sample belonging to Kathmandu to form a new distinct
sub group name herein as M52b2, M52b2al and M52b2al. M52b2 lineage of Magar and Brahmin
(only HVR sequence available) contain two basal variation (269T and 16189C) which was also
present in Kathmandu sample from previous study (GenBank: JF742203) (Wang et al., 2012). Age
of M52b is estimated to be =33.4 Kyr old. Presence of ancient south Asian lineage M52b2 only in
Nepali populations (Brahmin, Maharjan, Magar and Newamix) suggest an in-situ differentiation
of this lineage in Nepal and might represent one of the oldest lineage present in the geographic
territory of the present-day Nepal. Similarly, the Arabian samples from the Yemen cluster with
the Indian samples to form a new clade named herein as M52b3 and M52b3a.

45.15 Haplogroup M58

Haplogroup M58 is an ancient South Asian specific lineage having Deep time depth of =29,000
years. This haplogroup has been reported to be present in Munda of North East India and
Burmese of Myanmar. In the present study, Haplogroup M58 were present in Magar (2.7%),
whereas completely absent in other Nepali populations studied so far.

45.16 Haplogroup M80°D
45.16.1 Haplogroup D

Haplogroup D is found in East, Central and North Asia. Sub hg D4 and D5 are the two principle
branches of hg D. Sub hg D4 is mostly found in Japan, spread all over China and Korea. This
haplogroup is also detected in Russian and Native Americans. Sub hg D1 is the basal branch of hg
D4, which is widespread and diverse in Americas. Overall frequency of Haplogroup D in Tibet is
16.53% of which D4 (12.72%) is the predominant sub haplogroup (Supplementary Table 8.2).

Among Newar, haplogroup D is present in Shakya (15.78%), Bajracharya (10%), Newar-mix2
(10%), Udaya (6.8%), Maharjan (6%) and Shrestha (5.5%). Whereas it was completely absent in
Manandhar. In present study, Haplogroup D was present in high frequency in Magar (24.32%)
and present in traces frequency in Brahmin (2.08%). As reported by the Previous study, this
haplogroup was present among the several population from Nepal; Tamang (27.5%), Tharu from
Chitwan Il (11.84%), Tharu from Morang district (10%), Kathmandu (11.6%), Tharu from Chitwan
I (5.2%), individuals from Kathmandu and Eastern Nepal (8.5%) and Sherpa (4.57%). This is one of
the most important hg in Tamang and Magar followed by Shakya.
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Figure 4.45 | Phylogenetic tree of haplogroup D based on the 20 complete mitochondrial sequences
generated in this study. Mutations relative to the RCRS are indicated on the branches. Sample ID/GenBank
accession number for each sequence are shown in the box with geographic color code. The hg written in
black color represents newly defined hg in this study, whereas red color indicates the predefined Hg in
PhyloTree (Oven, 2015).
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Results

Table 4.8 | Estimated time to the most recent common ancestor of the Hgs observed in the Nepali
populations based on the complete mtDNA (see material and methods section 3.9.7 for more info).

Complete genome Complete genome
substitutions substitutions
Haplogroup - Haplogroup -
Ro(Sigma) Calculated Ro(Sigma) | Calculated
p (o) age in Kyr p (o) age in Kyr

M2a3a 4.3[1] 11.4+2.5 M43a 5(2.1) 13.3+5
M2a3a + 11827C 2.3[0.9] 6+23 M43al 1(0.6) 25+15
M3clal 5[1.86] 13.3+4.8 M52+110750 11.7(1.9) |[32.8+4.9
M3d 5.7(1.5) 15.3+3.8 M52b 10.7(1.6) |29.8+4.1
M3d1 4.3(1.3) 11.4+3.3 M52b2 6.5(2) 17.5+£5.2
M3d1la 3.3[0.8] 8.7+2 M52b3 9.2(2) 25.3+5.2
M3d1lal 0.7(0.5) 1.8+1.2 Z3ala +16150T 2.77[0.954]7+2.3
M3d1a+16301 2.2(1) 57125 Z3alal 1.97[0.46] |5.1+1.1
M3d1a+16301+15466 |0.7(0.5) 1.8+£1.2 Z3alala (13105G+7269A) |(2.27[1.07] |5.9+2.7
M5a + 7094C 1.33[0.8] [3.45+2 Z3alalb (16186T) 1.076 [0.78]2.7 £ 2
M5a6 0.7 [0.3] 1.8+0.7 Z3alal+9452A 1[0.57] 25+14
M5b2b 6.8(1) 18.4+2.5 G3al1'2'3 6.8(1.7) |18.4%4.4
M5b2b1b 5(1.6) 13.3+4.6 G3a3 2.2[0.8] 572
M5c+472G+1888A!+15
896A+16240G+16291T (10.7[2.49] [29.8+6.5 Fid 7.2(2.1) 19.5+54
M5c2 7.5[1.86] (20.4+4.8 Fld1l 3.14[1.18] (8.2+3
M5d 4.25[1.25] |11.2+3.2 Fldlal 1.90[0.73] [4.9+1.8
M5d1 2.5[1.18] |[5.8%3 Fldlalb 0.78[0.25] |2+ 0.6
M4"67 12(1.4) 33.7+3.6 Flcla2 3.44[1.16] (93
M30+16234T 6.3(1.7) 17+4.4 F1cla2a+15388C 1.8[0.95] |4.6+2.5
M30d1 4.2(1.1) 11+ 2.8 Flcla2al 1[0.33] 2.5+0.8
M30b2 5.7(1.3) 15.3+3.3 F1c1a2a+15680+16058 3.33[1.52] |8.7+3.9
M30b2b 4(1.4) 10.6 £ 3.6 Flcla2a2 2[1.16] 52+3
M33a1 8.9(2.7) 24.5+7 U2 18.9(1.5) |[55.4+3.9
M33ala 2.9(1.2) 7.6+3.1 U2b 14.7(1.9) |42+4.9
M35b4+11877 6.6(1.8) 17.8+4.6 U2b1l 9.4(1.1) 25.9+2.8
M38 9.5(1.8) 26.2+4.6 U2bla 6.4(1.6) [17.3%4.1
M38a 7.7(1.6) 21+4.1 U2blal 3.2(1.4) |8.4+3.6
M38d 3.5(1.3) 9.2+3.3 U2b1lb 8.4(1.5) [23+3.9
M38 + 6366 2.8(0.9) 7.3+23 U2blb1l 6.7(1.6) 18.15+4.1
M38d+16311! 2.3(1) 6+2.5 U2blc 5(1.6) 13.3+4.1
M38d+ 9438 1.5(0.9) 3.9+23 U2cl 11.18[1.63]|33.1+4.1
M43 6.6(1.6) 17.81+4.1 U2c1+146C 10.62 [2.35]29.6 + 6.1
U2c1c+12361GG+16179]10[2.08] 27.7+5.4 R6bla 2.2(1) 22+25
U2clcl 8[1.53] 21.9+3.9 R30b2al 2.2(1) 5.7+2.5
U7a3a2 3(1.1) 7.9+2.8 HV12bilb 4.41[1.32] |11.7+3.4
U7a3a2a 2.5(0.9) 6.5+2.3 HV12bilb1l 3.92[1.25] (10.3+3.2
U7alala 1.7(0.7) 44+1.8 1284C+ HV12bilb1l 2.4[1.16] |6.2%+3
U7b 3.3(0.4) 87%1 HV12blblbila 1.4[0.6] 3.6x15
U7b7 1.5(0.9) 3.9+2.3 H13ald 2.5[0.8] [6.5%2
R5a2b+16309G! 4.75[1.67] |12.7+4.3 11e+14542T 9.63[2.67] [26.6+7
R5a2b6 3.75[1.34] [9.9+3.4 1lel 8.63[2.48] (23.7+6.4
R6b 7.5(1.8) 20.4+£4.7 llela 2.1[0.65] |[5.4%+1.6
R6b1 4.2(1.5) 11.1+3.9 Nlalbla 711] 19+2.5
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4.7 Mitochondrial DNA diversity in Ladhak and Changpa

The mtDNA Hgs/sub-Hgs observed among the studied populations were classified into three main
groups: East Eurasian, South Asian and West Eurasian. The East Eurasian prevalent Hgs were
grouped into East Eurasian ancestries (Xuebin Qi et al., 2013). Accordingly, south Asian and west
Eurasian prevalent Hgs were also allocated into South Asian and West Eurasian ancestries (Silva
et al., 2017). East Eurasian ancestries where higher among Changpa (69%) followed by Ladhak
(37.1%). Surprisingly, the mtDNA gene pool of Ladhak were dominated by the West Eurasian
(42.7%) specific haplogroups. Substantial genetic contribution from South Asian specific lineages
were detected in both Changpa (24.1%) and Ladhak (20.2%).
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Figure 4.46 | Histograms of mtDNA components observed in the studied populations. mtDNA
data for these populations were computed based on the mtDNA Hg frequencies (Table 4.9).

4.7.1 Classification of mtDNA sequences

The dominant haplogroups observed in Changpa are hg M9a (18.4%), A (16.1%), C (12.6%), G2
(9.2%) and M34 (8%). These hgs altogether cover 64.36% of the total Changpa sample. All of these
haplogroups belongs to East Eurasian ancestries, except M34 which belong to South Asian
ancestries. Hg M9a (16.9%), A (12.4%), 1 (11.2%), HV (8.9%), U2 (8.9%), W (6%) and U7 (5.6%) are
the major Hgs observed in general individuals from the Ladhak. Hg M9 and Hg A observed in
Changpa belongs to Tibetan (East Asian) ancestries, whereas hg I, HV, W all belongs to the Near
Eastern clades. Likewise, the samples from North India are dominated by the south Asian specific
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lineage’s such as M6 (13.6%), U2 (11.3%), M5 (11.3%), M2 (11.3%), M18 (11.3%), M3 (9%) and
M35 (6.8%).
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Figure 4.47 | mtDNA Hg frequencies observed in the studied populations. More detail information
regarding the mtDNA Hg frequencies is provided in the Table 4.9.

In overall, the dominant Hgs observed in Changpa and Ladhak are the bearer of the East Eurasian
specific matrilineal lineages; M9a and A. These same haplogroups M9a (22.48%) and A (14.63%)
constituted the major Hgs among the Tibetans (X. Qi et al., 2013). The four sub haplogroups of
M9a (M9ala, M9ala2, M9albland M9alalclbla) are widely distributed in East Asia and
Southeast Asia. Surprisingly, in Ladhak all of the individuals of M9a belong to lineage
M9alalclbla, whereas Changpa constitute all of these sub haplogroups of M9a except M9ala2.
Hg M9alalclbla has been detected in very low frequency among most Asian populations, but
highly prevalent in Ladhak (100% of the total M9a individuals), Sherpa (58.16% of the total M9a
individuals) (Bhandari et al., 2015), Tibetans (58.06% of the total M9a individuals) (X. Qi et al.,
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2013) and Changpa (37.5% of the total M9a). The shared components of sub haplogroup
M9alalclbla between Ladhak, Changpa, Sherpa and Tibetans suggests the close maternal
relationship between these populations. M9alclalb lineages observed in Changpa and Ladhak
are expanded from the Tibetans as suggested by the star like network in which the lineages
M9alclab is surrounded by the other haplotypes with few mutation (one, two or three) steps
away from the core haplotype (Figure 4.48).
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Figure 4.48 | Median Joining Network of Hg M9alclab based on complete mtDNA sequence. The size of
the circles is proportional to the number of individual cmtDNA sequences. Nucleotide position number
shown in the network are consistent with the Revised Cambridge Reference Sequence (rCRS). The
geographic origin of sample is shown by different colors. The C stretch length polymorphism in regions
303-315, AC indels at 515-522, 16182C, 16183C, 16193.1C(C) and 16519 were disregarded for the
network reconstruction

The genetic affinity is further supported by the presence of Hg A in high frequency in Changpa
(16.1%), Ladhak (12.4%) and Tibetans (14.63%). Network analysis showed that Alla lineage
observed in Ladhak, Changpa and Tibetans are derived from the ancestral variant (16093C).
Similarly, A21 lineages observed among the Changpa and Ladhak share some Internal Haplotypes
with the Tibetans. Further, Changpa and Ladhak belonging to lineage A21 and Al1a, shares basal
haplotypes with the Tibetan samples, in which most individuals from Changpa and Ladhak lies at
the tips, suggesting a relatively recent lineage expansion among Changpa and Ladhak. East
Eurasian specific haplogroup G2al was also observed in Changpa (9.19%), but was completely
absent in Ladhak.
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Geographic color
code

Figure 4.49 | Median Joining Network of Hg Alla and A21 based on complete mtDNA sequence. The
size of the circles is proportional to the number of individual cmtDNA sequences. Nucleotide position
number shown in the network are consistent with the Revised Cambridge Reference Sequence (rCRS). The
geographic origin of sample is shown by different colors. The C stretch length polymorphism in regions
303-315, AC indels at 515-522, 16182C, 16183C, 16193.1C(C) and 16519 were disregarded for the
network reconstruction

Intriguingly, Changpa/Ladhak specific haplogroup C4a2c2a were not detected in Tibetans. This
sub-haplogroup accounts 12.6% of the maternal lineage of Changpa. As shown in the
phylogenetic tree, expansion of lineage C4a2c2a has occurred very recently. The coalescence age
of the clade A21 and newly defined clade Allal was estimated to be =2.5 Kyr and =1.8 Kyr
respectively. Network analysis (ancestral variant 16093C) along with the younger age (=1.8Kyr)
of Alla suggests a recent bottleneck during migration and latter population expansion in Tibet
followed by Ladhak. Similarly, age of the Changpa specific clade C4a2c2a was estimated to be
=3.1Kyr. The estimated younger age of these basal lineages is in consistent with the proposed
recent expansions of the East Eurasian components in Ladhak from Tibet.

Other haplogroups detected in low frequency in Changpa are

1. East Asian: D (4.59%), F (4.5%) and B (2.3%).
2. West Eurasian: HV (2.29%) and J (1.1%),
3. South Asian: U2 (4.5%), M30 (3.4%), M5 (3.44%), R5 (3.4%) and M4"67 (1.1%).

109



Results

Geographic color code
A11a
. Changpa -
Age Estimate
i
Complete mtDNA (Kya) 5 Ladhak |
Synonymous mutations (Kya) 8.1+15 A21
102+3.1 16093C Tibet/China |
| | | | 16092C  151T  143A
6164T  4952T 5105C 207A 14809T  4048A  8572Gap | 632T
12634G 5162C 279C 4113A  14182C - 8506C
12523G ®  13020C
FJ544232 | 13145A
Al1a1 | 8%l 10908C  749A KF05630 | 14962T
| 15:15 14782G  2483C 2
10511T 15924G
HM036557 16300G 12603T
16289insT5899insXC  10513T KF05629 HMO03653
KT726080 16290T! 10873T! 9 2 15404C
KT726086 | GQ89514 | KF05629 | KT72603 2' KT72603 | GQ89514
KT726099[KT726001]KT726002[HM03655 7 8 1 [Ho7cH | 2 LDK003 4
3 3' 3 2! 1 4 4 3 1' 3 1' 4 1'
ladhak  Changpa Changpa Changpa
| Age Estimates
Cda2c2a cmtDNA | 3.1%23Kya
8269A
2232insA! 15300C
CHGO014 HM036538 CHGO016
1 2! 1
HM036530 HM036541 Ladhak HM036554
2! 2! 2!
Ladhak Ladhak Ladhak

Figure 4.50 | Phylogenetic tree of Hg A21, Alla and Ladhak specific sub Hg C4a2c2a based on the
complete mtDNA sequences. Mutations relative to the RCRS are indicated on the branches. Sample
ID/GenBank accession number for each sequence are shown in the box with geographic color code. The
number (1', 2'... n') corresponds to the reference for the analyzed sample. The hg written in black color
represents newly defined hg in this study, whereas red color indicates the predefined Hg in PhyloTree
(Oven, 2015).

Haplogroup 14b shows the signal of dispersion from West Eurasia (mainly from Near East) into
South Asia, most probably occurred during the Bronze Age. However, mtDNA study showed the
genetic influx might have restricted into Pakistan, Afghanistan and few reached up to North India.
In present study high frequency of hg 14b was observed in Ladhak (11.2%) but completely absent
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in Changpa. Further complete mtDNA analysis revealed the sharing of basal Variant 8768T and
11530G between the individual from Pakistan, Afghanistan and Ladhak to form a new haplogroup
newly named herein as 14b1. The coalescence age of 14b1 was estimated to be =3.1 Kyr.

Geographic color code
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Age Estimate (Kyr) Pakistan
complete mtDNA 8. .8 Iran
Synonymous 9. .5 Afghanistan
14b UK
|
87(|38T
11530G
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14b1 15+
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573insN 310C 13708A 4021G 207A 3483A
11530G! 2124G 6014C
5078C 16391A!
7853A
15638C 15118G ‘
KJ446058 MF522894
KJ446059 | KF450987 | LDKO73 | LDKOO4 MF522885 | JQ704976 | KF146261 |
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Afghanista
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Figure 4.51| Phylogenetic tree of haplogroup 14b based on the 10 complete mitochondrial sequences of
which 2 cmtDNA sequences were generated in this study. Mutations relative to the RCRS are indicated
on the branches. Sample ID/GenBank accession number for each sequence are shown in the box with
geographic color code. The number (1', 2'... n') corresponds to the reference for the analyzed sample. The
hg written in black color represents newly defined hg in this study, whereas red color indicates the
predefined Hg in PhyloTree (Oven, 2015).

Hg HV12 is mainly found in Iran (M. Derenko et al., 2013). HV12a and HV12b, subclades of Hg
HV12 have been reported in the Near Eastern populations (Table 8.2). Only the lineage of HV12b
(HV12b1 and HV12b1la) were observed in India and Nepal. In the present study, hg HV12b1 of
Ladhak traces its ancestry to the populations from Iran and Armenia (Near East) as shown in the
Figure 4.18. South Asian specific hg U2b detected in Ladhak (6.7%) are mainly present in India.
Except India, Sub hg U2b1 is also reported to be present in Nepal, Myanmar, Thailand and Tibet.
Other haplogroups detected in Ladhak are
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1. West Eurasian: W (6.7%), U7a (5.6%), H (4.49%), U1 (3.1%) and U8 (1.1%),
2. South Asian: M3 (4.5%) and those with =1% frequency (M35, M33, M4, M5, R5 and R7)

3. East Eurasian: B (1.1%), D3 (3.3%), F (2.2%) and M8 (1.1%)

Table 4.9 | mtDNA haplogroup frequencies (%) observed in Changpa, Ladhak and North India

Results

Haplogroup Ladhak |North India| Changpa | |Haplogroup Ladhak | North India| Changpa
A+152+16362+200 0.0 0.0 2.3 M4 1.1 0.0 0.0
Alla 1.1 0.0 6.9 M4"67 0.0 2.0 1.1
Al17 0.0 0.0 2.3 M5a 0.0 10.2 0.0
A21 11.2 0.0 1.1 M5a2a 1.1 0.0 0.0
A6 0.0 0.0 1.1 M5b2b1la 0.0 0.0 3.4
A6b 0.0 0.0 2.3 M65a+@16311 0.0 0.0 2.3
B4a4 0.0 0.0 2.3 M65a2 0.0 0.0 1.1
B4bla3a 1.1 0.0 0.0 M66 0.0 2.0 0.0
C4ala5 0.0 0.0 2.3 M6ala 0.0 12.2 0.0
C4a2 0.0 0.0 1.1 M79 0.0 2.0 0.0
C4a2c2a 0.0 0.0 8.0 M7clala 0.0 0.0 1.1
C5 0.0 0.0 1.1 M8a 1.1 0.0 0.0
D4jlal 1.1 0.0 0.0 M9 0.0 0.0 3.4
D4j1a2 0.0 0.0 2.3 M9ala 0.0 0.0 1.1
D4j1b 1.1 0.0 0.0 M9alala 0.0 0.0 2.3
D4j3a 1.1 0.0 0.0 M9alalclb 0.0 0.0 1.1
D5a2al 0.0 0.0 2.3 M9alalclbla 16.9 0.0 2.3
Flb1+@152 0.0 0.0 2.3 M9alalclbla2 0.0 0.0 34
Flclala 2.2 0.0 1.1 M9alb 0.0 0.0 1.1
F2+16291 0.0 0.0 1.1 M9albilc 0.0 0.0 3.4
G2al 0.0 0.0 6.9 N5 0.0 2.0 0.0
G2alh 0.0 0.0 2.3 R 0.0 2.0 0.0
H6a 1.1 0.0 0.0 R5a2 1.1 0.0 1.1
H6alb 2.2 0.0 0.0 R5a2b 0.0 0.0 2.3
H7b 0.0 2.0 0.0 R7 1.1 0.0 0.0
HV 1.1 0.0 0.0 R7b 0.0 4.1 0.0
HV12b1 4.5 0.0 1.1 U 1.1 0.0 0.0
HV14 2.2 0.0 0.0 Ula 1.1 10.2 0.0
HV14a 1.1 0.0 0.0 Ulalcld 2.2 0.0 0.0
HV2 1.1 0.0 0.0 U2a 2.2 2.0 0.0
HV20 0.0 0.0 1.1 U2al 0.0 2.0 0.0
14b 11.2 0.0 0.0 U2a2 0.0 2.0 0.0
Jlblal 0.0 0.0 1.1 U2b 6.7 0.0 0.0
M 0.0 2.0 0.0 U2b1 0.0 2.0 1.1
M18 0.0 10.2 0.0 U2cl 0.0 2.0 0.0
M2 0.0 10.2 0.0 U2cla 0.0 0.0 1.1
M30 0.0 4.1 0.0 U2clb 0.0 0.0 2.3
M30b 0.0 4.1 0.0 U7a 3.4 0.0 0.0
M30cla 0.0 0.0 3.4 U7a3b 2.2 0.0 0.0
M33 0.0 2.0 0.0 U8b1lal 1.1 0.0 0.0
M33+16362 1.1 0.0 0.0 w 1.1 0.0 0.0
M35b3 1.1 0.0 8.0 W3a 1.1 0.0 0.0
M35 0.0 6.1 0.0 W3b 1.1 0.0 0.0
M36b 0.0 2.0 0.0 W4 2.2 0.0 0.0
M3a2 2.2 0.0 0.0 Wda 1.1 0.0 0.0
M3d1 2.2 0.0 0.0

112



Results

4.8 Ectodysplasin Receptor (EDAR).

Adaptive non-synonymous Allele rs3827760, also known as 1540T/C, 370A or Val370Ala, is a
Derived coding variant (SNP) in the Ectodysplasin A (EDA) receptor (EDAR) gene on chromosome
2. Several studies have shown the high frequencies and restricted distribution of the derived
variant 1540C allele especially in the East Asians and the Americans suggesting that the allele
370A was positively selected somewhere in Central China approximately 30,000 years ago
(Kamberov et al., 2013). This variant is completely absent in the African and the European
populations. This variant was either completely absent or present in very low frequency among
the Indo-European speaking populations from India, Pakistan and central Asia. The EDAR profile
of the studied populations in the present study is given below (Figure 4.52).

. Shrestha & . Bajrachary .
Population . Maharjan Shakya Udaya | Magar |Brahmin
newa mix a
Gneotype (GG / 6 8 5 10 7 54 4
Frequency |GA /TC 42 40 42 25 44 35 33
(%) AA/TT 52 52 53 65 49 12 63
frequency |A/T 73 72 67 72 65 29 79
(%) G/C 27 28 33 28 35 71 21

Figure 4.52 | Frequency of 1540C Allele of EDAR Gene in Nepal. In Nepal derived variant 1540C/T has
been observed in the populations of the East Asian origin. The allele frequency was estimated by using the
simple gene counting method.

In Nepal, 1540C allele was observed mainly among the Tibeto-Burman speaking populations.
However its frequency varied greatly between the Magar and Newar. In the present study, Magar
show the highest, Brahmin shows the least whereas Newar shows the intermediate frequency of
the derived allele 1540C (Figure 4.52). For Detail information on the EDAR profile of the Nepali
and other populations see Table 8.7 (Appendix I).

4.9 Endothelial PAS domain protein 1 (EPAS1)
4.9.1 Signal of selection

Changpa are genetically closer to Tibetans. Non-Tibetan CHB/JPT, which reside in a low altitude
region are on average closely related to Tibetans. Hence any specific region in the gene which
shows a deep divergence between the CHB/JPT (Han Chinese in Beijing, China/ Japanese in Tokyo,
Japan) and Tibetan (including Changpa) possibly indicate that those genetic loci might have been
positively selected for the high-altitude adaptation.
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Table 4.10 | Signal of natural selection identified in Changpa and Tibetan population using cross-
population composite likelihood ratio (XPCLR). Symbol “+” indicates number of SNPs in windows. Genes
with strongest frequency changes in Changpa population. Data derived from whole genome SNP.

Chr t Phy.si.cal XP-CLR Gene Chr st Phy.si.cal XP-CLR Gene
position score position score
2 15 46591833 53.25637 EPAS1 17 6 29246888 67.224235 ADAP2
2 16 46593833 72.43459 EPAS1 17 6 29248888 69.279027 ADAP2
2 15 46595833 52.2641 EPAS1 17 6 29250888 65.084368 ADAP2
2 14 46597833 69.86909 EPAS1 17 6 29252888 60.307282 ADAP2
2 15 46599833 97.33317 EPAS1 17 6 29254888 59.648904 ADAP2
2 14 46601833 71.93769 EPAS1 17 6 29256888 52.133302 ADAP2
P 14 46605833 80.12476 EPAS1 17 9 62276888 51.788352 TEX2
2 13 46607833 105.7098 EPAS1 18 9 34337591 56.812145 FHOD3
2 10 46609833 92.05422 EPAS1 18 8 34341591 74.391311 FHOD3
2 8 46611833 64.09962 EPAS1 18 8 34343591  76.72874 FHOD3
p 8 46663833 49.73342 TMEM247 18 7 34345591 63.681075 FHOD3
2 8 46705833 52.43413 TMEM247 18 7 34347591  61.98495 FHOD3
13 4 114469878 64.58926 TMEM255B 18 22 56719591 52.178008 OACYLP
13 4 114471878 88.37826 TMEM255B 18 5 76995591 54.683312 ATP9B
13 4 114473878 74.87649 TMEM255B 20 11 50252347 56.372605 ATP9A
13 4 114475878 72.16733 TMEM255B 22 8 28426858 54.591591 TTC28
22 7 28428858 50.189638 TTC28

In present study, 725,634 SNPs were utilized to explore signals of selection. Since, Fs: value
between Tibetan refugees and Changpa population was 0+0.0007, both populations were
merged, to increase power to detect signal of selection. Before calculation of Fs, pruning was
performed and excluded 193,014 SNPs, with r2>0.75.

In the present study, only those regions under natural selection were considered, which scores
top 99.995 percentile of XPCLR (score >49.71) and identified 10 candidate genes for high-altitude
adaptation in Ladhak (Table 4.10 and Figure 4.53). Of which, EPAS1 was already reported with
maximum XPCLR score equal to 105. The other candidate genes for high altitude adaptation has
been newly reported in this study.

The other genes are: Transmembrane protein (TMEM) 255B and 247, ArfGAP with dual PH
domains 2 (ADAP2), ATPase Phospholipid Transporting 9A (ATP9A), and Tetratricopeptide Repeat
Domain 28 (TTC28). All of these genes are protein coding genes, however function of these gene
on high altitude adaptation are unknown. Function of TMEM gene is unknown, whereas protein
encoded by ADAP2 and TTC28 genes binds beta tubulin and increase the stability of microtubule.
Likewise ATP9A helps in ion channel transport and cardiac conduction (Gene -card:
http://www.genecards.org; NCBI Gene: www.ncbi.nIlm.nih.gov/gene/).
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Figure 4.53 | Signal of natural selection identified in Changpa and Tibetan population using XPCLR. The
orange dots represent the genetic region which are under natural selection and within gene. In brief,
orange dots represent the Specific region in the gene which shows a deep divergence between the
CHB/JPT (Han Chinese in Beijing, China/ Japanese in Tokyo, Japan) and Tibetan (including Changpa)
strongly indicating that those genetic region might have been positively selected for the high-altitude
adaptation. The strong signal of positive selection came from EPAS1 gene with maximum XPCLR score
equal to 105.
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4.9.2 Association between genetic variants of EPAS1 gene and altitude

Since, Changpa population analyzed collectively with Tibetan refugees, 4 SNPs of EPAS1 gene
were also genotyped, rs150877473 (C>G), rs13419896 (G>A), rs1868092 (G>A) and rs1868093
(G>A) in 695 subjects from Nepal and Ladhak, who were living from 1300-4000-meter altitude.

rs150877473 (C>G) C rs13419896 (G>A) G

G 0.9

1.0 0.8

rs1868092 (G>A) 1.0 rs1868093 (G>A)

il

& ) g‘i’\ 0\2\%\
-
& .9@

6°
W

Figure 4.54 | Frequency of four SNPs analyzed in this study. Red colour indicate the ancestral allele,
whereas blue color indicates the derived allele. Genetic data for Tibetan, Sherpa and Non Sherpa Nepalese
were obtained from reference (Hanaoka et al., 2012).

SNP rs150877473 (C>G) shows 78 % higher frequency in Tibetans than in Han Chinese (Yi et al.,
2010). Given that the Han and Tibetan diverged 2,750 years ago, the author described it to be the
fastest change in allele frequency observed at any human gene to date. In a good agreement to
the previous study, Changpa population also shows 76% higher frequency of rs150877473 (C>G).
Whereas rs150877473 (C>G) was observed in low frequency in non-Changpa populations from
Ladhak (3000m). SNP rs13419896(G>A) observed in higher frequency in Sherpa (77%) and Tibetan
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(79%) (Hanaoka et al., 2012) were also observed in higher frequency in Changpa (80%). Similarly,
39% of derived SNP rs13419896 (G>A) were observed in Ladhak (3000m). Frequency of the
haplotype of alleles rs1868092 (G>A) and rs1868093 (G>A) were higher in Changpa (73%) and
Ladhak (44%). Hence the frequency of Tag SNPs in Changpa, paralleled with those observed in
Tibetan as well as Sherpa. Further, positive correlation of derived allele with altitude for each SNP
was identified using the Pearson correlation analysis as shown in Figure 4.55.
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Figure 4.55 | Correlation of (A) rs150877473G, (B) rs13419896A, (c) rs1868092A and (D) rs1868093 A,
with altitude. The scatter plot shows the measure of strength between the two variables; altitude and
Frequency of the genotyped SNPs. Positive correlation (p) between the genotype allele and altitude was
observed in the present study, indicating that both variables increase or decrease together. The p-value
demonstrates the significance of correlation using Pearson correlation analysis. Letter A, B, C and D
represents the correlation between altitude and the four different genotyped SNPS, rs150877473 (C>G),
rs13419896 (G>A), rs1868092 (G>A) and rs1868093 (G>A) respectively. Populations analyzed in the
present study and their corresponding altitude is given as: 1300m (Magar and Brahmin), 1400m (Newar),
2000m (North India), 3000m (Ladhak) and 4000m (Changpa). Likewise, the population at altitude 550m,
44m, 19m and 19m belongs to CDX (Chinese Dai in Xishuangbanna), CHB (Han Chinese in Beijing, China),
JPT (Japanese in Tokyo, Japan) and KVH (Kinhin Ho Chi Minh City) respectively
(http://hapmap.ncbi.nlm.nih.gov/index.html.en).
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5 Discussion

Indigenous South Asian mtDNA lineages

Hg M and R are the two major founder clades for the south Asian specific Hgs observed in Nepali
populations. It is well accepted fact that the early out of Africa migrants colonized South Asia in
between 45-65 Kyr ago after the Mount Toba eruption. This route is considered to be the major
route of dispersal of AMH to the other geographical regions mainly to the South-East Asia and
Oceania. The presence of high genetic diversity among the Indian populations, the second highest
after the sub-Saharan populations suggests the initial colonization of the AMH in South Asia
occurred mainly in West India (Behar et al., 2008; Kivisild et al., 2004; Macaulay et al., 2005;
Mishmar et al., 2003; Thangaraj et al., 2005). Macro Hg M and R is assumed to have arrived in the
West of the Indian sub-continent. After the initial settlement, Hg M might have undergone re-
expansion in the other regions of South Asia, during the drier period which occurred between 30-
35 Kyr ago. The drier period might have triggered the population movements followed by the
expansion of the lineage in the South Asia including Nepal. The evidence for this movement is
provided by the presence of oldest AMH fossils found in Sri Lanka which date back to =30 Kyr BP
(Silva et al., 2017). Thisis also the earliest dated record of AMHs in South Asia. Finding of Neolithic
tools in the ancient city Kathmandu also suggests that people were living in the Himalayan region
in the distant past (Desai & Sharma, 2003). These microlithic technology can be traced to =45 Kyr
ago in Central India. This suggest the Central India to be the likely source for the re-expansion of
South Asian specific lineage. M4’67, M35, M52 are the ancient and indigenous mtDNA lineages
originated in Central India (Silva et al., 2017). M4’67 which dates back to =40 Kyr ago shows an
extraordinary branching giving rise to several Hgs including M4, M18, M30, M38 and M43.
Majority of these ancient South Asian specific Hgs were observed in the Nepali populations
including Newar.

Table 5.1 | Frequency of ancient and indigenous South Asian Hgs present among the Nepali populations.
All the Newar sub caste are included in a single group as Newa total. Likewise all Tharu from Chitwan and
Eastern Nepal are included in a single group and named as Tharu (Table 8.1).

Hg |[Newar Total Brahmin Magar Tamang KTM Nepali-other Tharu

uc [E] 18 04 |27 00 Fl2e B 53 | 06
ms2 I o7 E21 HEB8] o0 00 ] 23 | 06
m33 [E] 1.8 00 [l27 H23 Webs E1 238 6

Hg M52b and U2 are the most ancient South Asian lineages observed in the Nepali populations,
with average coalescence time estimates of 29,000 and =27,000 years respectively. In overall,
these haplogroups mentioned in the Table 5.1 contribute =5% of the total Newar gene pool.
List of ancient putative south Asian Hgs with their corresponding estimated ages is given below:

1. M52b [29.8 +4.1 Kya]: Magar (10.8%), Maharjan (2%), Newar-mix (2%), Brahmin (2.98%),
East Tharu (2.5%) and Nepali-other (2.84%).

2. U2c1c+12361G+16179T [27.745.4]: Brahmin (10.4%), Shrestha (5.55%), Shakya (5.26%),
Maharjan (4%) and Magar (2.7%).

3. M33al[24.543.1]
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ARCHAEOLOGY, CLIMATOLOGY, LINGUISTICS

Geographic origin  Count Freq (%) .
SouthiAsian = 0 135 359 12.2% in Newar
U7a3a

West Eurasian 48 12.8 - South Asia
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Figure 5.1 | Timeline for AMH evolution in South Asia, Tibet and Nepal based on genetic, archaeological, climatological and linguistic evidence. Black and grey
portions of the arrow represent Pleistocene and Holocene, respectively. Blue sections correspond to periods of climate changes: dryer periods between 35 and
30 Kya, Last Glacial Maximum ~18 Kya, Younger Dryas ~12 Kya and the “4.2 Kya” event (Mellars et al., 2013; Silva et al., 2017; Qij, X et al. 2014). Lineages shown in
the timeline belongs to Newar, Brahmin and Magar. Lineages in red stand for the genetic influx from East Eurasia; green for West Eurasia and blue from South
Asia. Recent lineage expansion indicates the genetic events in the last 4 Kya. The major admixture event in Newar might have occurred from East Asia (50.8%) as
shown by the red colored lineages.
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Ancient Hg M52b detected in High frequency (10.8%) in Magar were observed in lower frequency
in other Nepali populations. Sub lineages belonging to hg R (R30, R7, R31, and U2) are the ancient
mtDNA lineages present in South Asia. Hg U2 is considered to be the oldest lineage in Europe and
South West Asia (region at the crossroads between Asia, Africa and Europe). Two oldest Homo
sapiens DNA samples of old Cro-Magnons from the Kostenki site on the Don River in the Russia,
dated to =37,000 and 33,000-year belonged to Hg U2 (Fu et al., 2016). U2c1 lineage detected in
Thailand branched off directly from the node occupied exclusively by the Nepali sample
suggesting a gene flow from Nepal to Thailand. In present study, incidence of U2c were higher in
Brahmin (10.4%) followed by Shrestha (5.55%), Shakya (5.26%), Maharjan (4%) and Magar (2.7%).
These Hgs were also detected in Hindu from Terai, Kathmandu and Nepali-other group (Figure
4.21). M33al lineage detected in Nepal and Sikkim shows a deep coalescence age estimated to
be =24.5 Kyr old. Presence of Nepal specific South Asian lineages M33al in Sikkim reflected the
ancient connection between Nepal and Sikkim.

Last Glacial Maximum (LGM) and Late Glacial arrivals

After the first initial settlement =45-66 Kya, the evidence for the movement from West Eurasia
to the South Asia is provided by the lineage N1alb (Silva et al., 2017). LGM corresponds with the
time of = (22—18) Kya BP. The Putative Glacial/postglacial genetic flux from West Eurasia (with a
probable source in the near East) into South Asia are strengthened by the detection of Lineage
Nlalb (N1lalbl and I1e) in Brahmin and Manandhar group of Nepal

Other similar Hgs include Hg T2. Hg T2 has been observed in Bajracharya, Brahmin and
Kathmandu. Hg Ile, the Sister clade of N1albl shows an incredible differentiation of branch
confined within the Manandhar sub caste of Newar suggesting either deep coalescence age of
=25Kyr BP or a Late arrival =5Kya (Figure 4.26).

Similarly, indigenous South Asian lineages M5 (M5c2 and M5b2b subclades) and M35b4 shows
age estimates of =17-20 Kya corresponding with the population movement during the Last Glacial
Maximum (LGM). The change in temperature during this time period is believed to have triggered
the lineage expansion.

1. M5c2 ['20+4.8 Kya]: Udaya (6.89%), Shakya (5.2%) and Manandhar (1.07%)
2. Mb5b2b [18.4+42.5] Kya: Shakya (5.26%), Bajracharya (5.26%), Udaya (3.4%), Magar (2.7%)
3. M35b4 [17.814.6] Kya: Manandhar (4.3%) and Udaya (3.44%)

The frequency and diversity of Hg M5 revealed that it might have originated in Central India and
spread out to the eastern and western regions of India (Chandrasekar et al., 2009). Ancient Gene
flow from South Asia into the Kathmandu valley are further strengthened by the restricted
distribution of Hg M5c and M5b in Newar. The Nepali sequences for Hg M5c2 and M5b are
hugely diverged from the non-Nepalese sequences. Therefore, it is highly unlikely that these
ancient mtDNA lineage were brought into Nepal only recently via migration.
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Early post glacial arrivals

Early post glacial (=12 Kyr BP) arrival corresponds with the expansion of indigenous
(autochthonous) lineage across the south Asia. At the end of the younger Dryas or the
Pleistocene/ Holocene transition, the movement of the population increased/ intensified across
the South Asia as suggested by the presence of many indigenous south Asian lineages in the
studied populations. Over the time distinctive nested Nepal specific branch are present in these
lineages.

1. M3clal =13.3+4.8 Kya. Detected mainly in Shakya (10.5%) and Bajracharya (5%).

2. R5a2b =9.9+3.4 Kya. Detected in Brahmin, Manandhar and Hindu Terai (Figure 6.2).

3. M30d1[11+2.8]: Detected in Hindu Terai (25%), Nepali-other (4.47%), Udaya (3.44%),
Shrestha (2.77%), Brahmin (2.08%).

4. MA43a [1315.4]: Detected in Tharu populations from Chitwan (TH-CIl: 10%, TH-CII:
9.21%), Kathmandu (2.59%), Tamang (2.27%), Nepali-other (1.21%), Eastern Tharu
(2.5%).

5. HV12b1lb1l [10.3£3.2 Kya]: Detected only in Manandhar.

In India, Hg R5 has a wide distribution, especially in North India, Madhya Pradesh and West India.
Sub Hg R5al are reported to be present in high frequencies among the Indo-European speaking
population, whereas R5a2 is present among the Dravidic groups of India and Sri Lanka (Chaubey
et al.,, 2008). Age of R5a2b was estimated to be =9.5 Kyr old (Silva et al., 2017). In a good
agreement to the previous study, this study estimated the age corresponding to the similar time
frame of =9.9 Kyr old.

Neolithic arrivals

Neolithic (=5-9 Kya) is associated with the spread of agriculture and animal domestication along
with significant migration with genetic consequences and language replacement in South Asia.
The first animals to be domesticated were dog, cattle, sheep and goat and the first plants to be
cultivated were wheat and barley. Rice and Pig's domestication occurred in East Asia. The earliest
Neolithic sites, on the Indus Valley around Mehrgarh in Baluchistan (Pakistan), date to before =9
Kyr BP (Jarrige J-F, 2006; Petrie, 2015). Hence, the putative Neolithic lineages might have entered
to the South Asia at =9.5Kyr from Anatolia, the Caucasus and Iran (Silva et al., 2017). The genetic
evidence for the Neolithic entry of West Eurasian Hg in Nepal is provided by the lineage U7a3ain
which Newa specific U7a3a shows genetic affinity with the populations (Pashtun people) from
Afghanistan. Hg U7a is the major West Eurasian lineage found in Newar populations. Hg U7 is
detected at high frequencies in populations throughout Iran, Pakistan, Northwest India and the
Arabian Peninsula (Quintana-Murci et al., 2004). Nepal specific clade Hv12b1b1, which dates back
to =10.3 Kya is mainly detected in Manandhar. Sub Hg HV12b1 from Manandhar population
traces its ancestry back to the populations from Armenia and Iran. Back mutation at position
@150T has been observed in all sequences belonging to Iran, Myanmar, Armenian, Ladhak and
Nepalese sample. The most recent ancestral variant 16242T was shared between Iran, Nepal
(Manandhar) and Myanmar. I1e linage observed in Nepal and Myanmar share the most recent
common ancestor suggesting a gene flow from Nepal to Myanmar. Restricted distribution of Hg
Ile and HV12b1l within the Manandhar caste might be due the endogamy nature of the
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Manandhar caste. The finding of two new west Eurasian specific lineage in high frequency in
Manandhar, clearly indicates the importance of sample size and sub caste specific study of Newar
group, which was lacking in previous study (Gayden et al., 2013).

Many South Asian specific Hgs also arrived at the similar time frame. List of the mtDNA linages
estimated to have arrived in Nepal in the similar time frame are: R6b1la [5.7 Kya], R30b2a1l [5.7
Kya], I1elal [5.4 Kya], M38+6366 [7.3+2.5 Kya], and H13a1d [6.5 Kya]. Hg R6b has been observed
in Nepal and Uttar Pradesh. However, majority of basal variant observed in Nepali sample (R6b1)
shows huge divergence from those observed in Uttar Pradesh (R6b2). Hence the Nepali specific
lineage R6b1 shows the ancient origin. Hg R6b1 observed in Myanmar shares a recent ancestry
with those found in Nepal.

Arrival from East Eurasia

Tibetan plateau and the great mountain ranges were among the last places colonized by humans
in prehistory (Jeong et al., 2016). While most of the part of the Asia was already populated,
Tibetan plateau remained an uninhabitable place due to its high altitude at around 4,000 m above
sea level, resource scarcity, cold stress, hypoxia, hyper arid and cold desert environment. At the
end of the Late Glacial Maximum temperatures rose and glaciers began retreating, making
migration onto the plateau from the north more feasible (Aldenderfer and Yinong, 2004). Early
human settlement in Tibetan plateau is estimated to have occurred at the end of the LGM (=18-
22 Kyr). Rapid population growth on the Plateau is estimated to have occurred in between 10—
7 Kya during the early Neolithic. It is assumed that the major migration(s) of Neolithic
agriculturalists into the Plateau have occurred from the Northwestern China, eventually leading
to the establishment of agriculture and pastoralism on the Plateau, which provided a sufficient
and stable food supply necessary for the rapid population growth that occurred on the Plateau
around 10-7 Kya during the early Neolithic (Qi, Cui, Ouzhuluobu, Wu, & Su, 2014). Modern
populations residing at the high-altitude transverse valleys (>3,000 m above sea level) of the
Himalayan arc from Arunachal Pradesh to Ladhak are genetically closer to the East Asians. The
study of the ancient genome (Whole genome sequencing, mtDNA and Epasl) of the 8 ancient
samples (dental) from Annapurna Conservation Area (ACA) of Nepal (Mustang District), spanning
3,150-1,250 year before present (YBP) yielded affinities with the peoples living today on the
Tibetan plateau (Jeong et al., 2016). All of the Ancient ACA sample were classified in to the East
Asian specific Hgs (D4j1b, M9a, Z3ala, Flcla and F1d1). Majority of these Hgs detected in ACA
samples were also present in Newar group. Incredibly, Hgs Z3ala and F1d1l detected in ACA
samples makeup 36% of the total Newar sample. This confirms that the descendant of the earliest
inhabitant of the Himalayan arc also populated the Kathmandu valley located at low elevation. In
a good agreement with the above statement, analysis of the major East Eurasian lineages
observed in the present study suggests that major genetic influx from East Asia to Nepal have
occurred in between 3-6 Kyr BP. Similarly, Median joining network for Hg Z showed the sharing
of basal variant (16150T) among the Tibetan, Nepali, Thai-Laos and North East Indian, suggesting
a common ancestor for these populations. The age of the Continental lineage Z3ala+16150T is
estimated to be 7 Kyr old. Nepali harbor’s a number of unique Nepal specific haplotypes at the
terminal branch, majority of which branched off directly from the nodes occupied by almost
exclusively by Tibetan lineage.
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Similarly, Median joining network of Hg F1d1 indicates that the core haplotype is shared between
the Tibet, Nepal, Myanmar and Thailand-Laos. This suggests these populations have been
descendent from the common Ancestor and spread to the different geographic regions. Majority
of the contemporary populations of Tibet, Thailand, Nepal and Myanmar (only HVR data
available) belonging to the lineage F1d1 are derived from the basal variant 16284G. Hence, the
most recent common ancestor for this sub lineage were originated some were in East Asia. Basal
Variant 15204C is the major ancestral variant of the contemporary Nepali populations belonging
to lineage F1d1 (Founder effect) (Figure 4.13).

Other East Eurasian specific Hgs such as G and D has relatively low distribution frequencies in
Newar. Hg D is one of the most important hg among the Tamang (27.5%) and Magar (24.32%)
followed by Shakya (15.78%), Tharu from Chitwan 1l (11.84%), Tharu from Morang district (10%)
and Bajracharya (10%). This hg was also found in high frequency in Kathmandu (11.6%). Although
G3a (6.2%) observed in Brahmin cluster with the sample from Tibet, china and Thailand, it shares
closer ancestry with the G3a detected in Kashmir. Similarly, G2b2a observed in Newar, cluster
with Thailand, whereas G2ald2 cluster with Belarus (Central Asia). Hg C present in Magar (8.1%)
was completely absent in Newar. Tibetan specific hg A+152 was also found in appreciable
frequencies in Newar.

Intriguingly, Hg F1d1 and Z3ala which accounts 65.8% of the total East Eurasian maternal
components of Newar, were observed in very low frequency with relict distribution among the
Tibetans (Kang et al., 2016). Hence, majority of Newar group are placed away from the Tibetan
cluster as shown in PCA map. Whereas, other Nepali groups Sherpa, Tamang, Tharu from Chitwan
(CI & CIl) and Magar contains high frequency of Tibetan specific Hg and cluster closely with the
Tibetans. Z3ala and F1d1 both contains Nepal specific haplotypes at their terminal branch or
basal nodes. Previous study estimated the age of the clade Z3ala to be ~7.9 Kyr old (Fedorova et
al., 2013). Likewise, this study estimated the age of the subclade Z3alal to be =5.1 Kyr old.
Similarly, a recent study on the Tibetan populations estimated the age of the clade Fldla to be
=4.5 Kya (Kang et al., 2016). In a good agreement to the previous study, our study also estimated
the age of the clade Fld1la to be 4.9 Kyr old. Hence the carrier of hg Z3ala and F1d1la might have
entered Nepal across the great Himalayas as early as 3-6 Kyr BP. Other Tibetan specific lineage
such as Hg A and D observed in Newar are most likely resulted due to gene flow gene flow from
neighboring populations including Tibet. In overall East Asian lineages represent a frequency of
=50% in the total Newar data set.

Bronze Age arrivals

This admixture event was followed by recent admixture events in the last 4Kya and their
assimilation into Newar. List of Hgs estimated to have arrived recently into Nepal via migration in
the last =2-4 Kya includes: M5a6, M5d, U2b2, U2bla1l, U7ala, U7b7, M2a3a, M2d1a, M3c2, M3d
and W3alb.

Although, mtDNA analysis shows recent Genetic Influx from Tibet, bearer of the East Eurasian
genetic components of Newar shows lower signal of selection in the genetic variants of EPAS1
gene suggesting a short stay of majority of these lineages in the Tibetan plateau. This was further
supported by the analysis of the 1540C variants of the EDAR gene. Variant 1540C>T of EDAR gene
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originated in central china is highly informative for assessing East and Southeast Asian ancestries.
Despite higher proportion of East Eurasian specific maternal components observed in the Newar,
the frequency of variant 1540C>T was comparatively low, suggesting that the lineage Z3ala or
F1d1 might have arrived into the Tibetan plateau via different migratory route than the central
China. Another possibility is that, the lineage Z originated in Central Asia might have arrived into
central china and then into Tibet very recently form other geographic region. Indeed abundant
Z3a lineages have been detected in the native populations of Sakha (Siberia) as discussed in the
PhyloTree of Hg Z. Whereas, higher frequency of variant 1540C>T in Magar reflect their affinity
with the populations from central china.

High-altitude adaptation study in Ladhak also identified positive signal of selection in genetic
variants of EPAS1 gene. Further, a strong linear correlation between genotyped alleles OF EPAS1
gene and different level of altitude were detected in the Himalayan populations residing in
Ladhak and Nepal, suggesting that extremely high-altitude hypoxia environment exert a selective
effect on Epasl variants. Tibetan specific mtDNA hg M9a was present in higher frequency in both
Changpa and general individuals of Ladhak. The mtDNA pool of Changpa was dominated by East
Asian specific hgs which were also observed in higher frequency diversity among the Tibetans.
Hence Changpa group shares most of their matrilineal lineages with the indigenous Tibetans
suggesting that the Tibetans are the ancestral populations of Changpa and the adaptive traits for
the high-altitude adaptation has been recently inherited form their ancestors in Tibet. Whereas
the general individuals from Ladhak shows higher proportion of West Eurasian maternal
components with substantial genetic contribution from Tibet and India. mtDNA pool of general
individuals from Ladhak contains significant proportion of East Eurasian hgs and majority of these
hgs were shared with the Changpa tribes.

The frequency of the four tag EPAS1 SNPs in Changpa, paralleled with the Tibetan as well as
Sherpa, strongly suggesting that the EPAS1 gene is under selection in people of Tibetan ethnicity.
Hence, the change in the genetic variants in EPAS1 gene might be responsible for resulting in an
efficient hemoglobin-oxygen transport system in Changpa at high altitude hypoxia environment.
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6 Summary

In present study, samples belonging to Newa, Magar and Brahmin were classified into known
mtDNA sub Hgs belonging to three main origin: East Eurasian, South Asian and West Eurasian.
Investigation was performed based on the high resolution mtDNA sequencing.

Gene flow from East Eurasia

Majority of the East Eurasian components observed in Newar are present in all of the Major
Newar sub caste, except Shakya which lacks F1d Hg. Further, most of the East Eurasian
components observed in Newar populations were detected mainly in Tibet, Thailand and
Myanmar. Magar contain East Asian specific hg M9 and D. Gene flow from East Eurasia was also
detected in Brahmin in lower frequency.

Frequency (%)

Figure 6.1 | Frequencies of East Eurasian Maternal components observed in the several Nepali
populations. Subclade Z3ala and F1d1 are highly prevalent in Newar followed by small frequency of D4
and G2. Brahmin (F1d1, D4, D5, G3) population shows relatively lower proportion, but higher proportion
of East Asian specific lineages (M9, D4, D5, C) were observed in Magar.

Previous study showed higher proportion of Tibetan specific lineages among the Sherpa (A, M9
& M8), Tamang (D4, D5, M9 and G2), Central Tharu | (M9 & G2) and Central Tharu Il (G2, M9 and
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D4) (Table 8.1). Hg Z originated some were in Central Asia are found with the relict distributions
among the East Asians (Figure 4.37). Whereas Hg F is mainly present in East and South-East Asia
(Figure 4.11). Hg F1d1 observed in High frequencies in Newar (especially in Maharjan) were also
detected in Thailand, Myanmar, Tibet and North India (Uttarakhand). Hg F1d (4.2%) and F1d1
(4.3%) were present among the Mon (MO2) people of North East Thailand and West Thailand
(border between Thailand and Myanmar). Mon are considered to be one of the earliest group to
be present along the South-East Asia (Kutanan et al., 2017). The Mon were responsible for the
spread of Theravada Buddhism in South East Asia (Indochina). Likewise they are considered to
have a major source of influence on the culture of Burma. They speak the Mon language, an
Austroasiatic language (Kutanan et al., 2017). The presence of both lineage F1d & F1d1 in the
Mon group of Thailand/Myanmar and the distribution pattern of Hg F1d1 might provide the
genetic evidence for the involvement of the Mon people in the cultural transformation across the
South-East Asia.

Gene flow from South Asia
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Figure 6.2 | Frequencies of the major South Asian specific Maternal components observed in the Nepali
populations. Symbol “A” includes all the sub branches of M haplogroup detected in low frequency. Except
Sherpa and Tamang all other Nepali populations studied so far has significant proportion of South Asian
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specific maternal components (Bhandari et al., 2015; Fornarino et al., 2009; Gayden et al., 2013; Wang et
al., 2012).

The proportion of south Asian specific maternal components varies among the Nepali
populations. In Newar, comparatively Shrestha and Shakya has highest, Maharjan and Newamix
has the least, whereas other shows intermediate level of South Asian maternal components. As
expected, Brahmin (Indo European) and Magar (Tibeto-Burman) shows 60%, and 37.8% of South
Asian maternal components respectively. Limited and low distribution frequencies of South Asian
lineage such as M18, M31, M32, M4, M58, M61, M62, M65, R30 and R8 indicates a limited
contribution in Newar mtDNA gene pool and other studied Nepali popualtions.

Gene flow from West Eurasia.
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Figure 6.3 | Frequencies of the major West Eurasian specific Maternal components observed in the
Nepali populations. Genetic influences from west Eurasia in Newar are represented predominantly by Hg
U7 and its subclade U7a3a, U7b and U7ala. This is followed by other Hgs: |, HV, U5, H, N1la and T.

Manandhar shows higher proportion of West Eurasian (Near Eastern clade) hg than any other
Newa sub caste. Surprisingly these Major West Eurasian hg where confined within the
Manandhar and was unshared among the other Newa sub caste. Hg U7 was the major founding
west Eurasian clade present among the Newa sub caste except Manandhar. Brahmin shows
significant proportion of west Eurasian hg whereas its frequency were very lower in Magar.
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Table 6.1: Phylogeographic pattern of the Major Haplogroups. Summary about the Major hgs, frequency,
ancestries, possible route of migration and TMRCA of the major haplogroups is given in the table. The
term “Recent arrival” includes the genetic events in the last 4Kya.

Major | Major Sub .
i i i Estimated age
Frequ |Ancestrie| Majorsub | Ancestral Nepal caste i Migratory .
HG _ Most recent ancestor . . |Major subcaste arrived in
ency s Haplogroup| variant specefic | specefic Wave
. ) Nepal (Kyr)
variant variant
Tibet, North East India, | 16186T, 161867 MDR From Tibet
Z3ala 16150T Burma, Thailand, Nepal,| 7296A, Mhj, Udaya, BIR, | across the 51+1.1
I . 7296A 1305G )
East Siberia, China 1305G SHK Himalayas
Z |17.80% .
Eurasian }
. From Tibet .
4841A, North East India, Recent arrival
27 . Shakya across the
10653A Nepal,Tibet, ) (~2.5-5Kya)
Himalayas
Tibet, Burma, Thailand, 268T Udaya, STH (1) .
From Tibet
East Nepal, Kyrgyzstan,
F 117.80% ) Fid1l 16284G L . 15204C MHJ, STH, across the 49+18
Eurasian Siberia, North India 12840T Newa-mix Himalavas
(Uttarakhand), China ¥
Shakya (15.7%) )
X . From Tibet
East Huge Tibet, China, Japan, Huge BJR (10%), MGR )
D |5.90% . D4, D5 . . . X . - across the | Recent Arrival
Eurasian diversity [ Korea, North East India | Diversity (24%), TMG .
Himalayas
(27.5%)
Ms5a 12477C | India, Nepal, Thailand 7094 MDR, MH, 1840.7
Udaya, Newa-mix
472G,
6131G,
M5b2b 6293C India, Nepal 1888A, | 10283, SHK, BIR, 13.3£4.1
15896G, 13145A Udaya
South 16240G, 1193€, 16093C Udaya, SHK,
M5 |9.60% | M5c2 16240G Nepal 162917 MDR, BIR, Sherpa - 20443
Asian 195C, 9861C,
Shakya, Tharu
16362C
3757T,
M5d 16311C India, Nepal 7699T, - Tharu, MDR 11.2+3.2
10604C,
13020C
. 5097G SHK, BIR,
India (Jammu and ’ .
M3cla 16051G ) 6011C, - Udaya, Hindu - 13.3+4.8
Kashmir), Nepal, 3269A )
M3 | 5,30 | SOU Terai
' Asian MHJ, MDR,
M3d1a 16301T India, Nepal - - Newa-mix, - Recent arrival
Tharu
U2l U2bl 6620, 10688a India, Nepal MHJ, Newa-mix Recent arrival
U23, South
( 4.30% ) 37146, BRH, MHJ Geneflow
U2b, Asian ) ) 12361G, | 13488C
U2cl 146C India, Nepal, Thailand 16179T SHC BIR.STH Nepal to 21.9+39
U2c) 95C, 93G " 77| Thailand
Thai
9099T SHK west
West 5291C-9266A- Eurasia to
U7 | 4.30% ) U7a3a 16223T- Afghanistan, Nepal 8545A Nepal 6.5+2.3
Eurasian - MHJ, STH
15364T through
Afghanistan
West 12843cC,
) . ) Through
11 |3.20% |Eurasian/ Ile 145427 India, Nepal, Thailand 13866G, Manadhar Iran 54116
Near East 14256C
West Iran, Armenia, Nepal,
. . Through
Hv12| 2.70% |Eurasian/| Hv12b1l 150T! Myanmar, India 1284C Manadhar Iran 3.6+15
Near East (Ladhak)
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Haplogroup M52b, U2c1 and M33al are the ancient and deep time depth South Asian lineages
observed in the Nepali populations suggesting that this region might been inhabited by the
earliest settlers during the initial peopling of the South Central Asia. This provides a direct
evidence to the long ancient connection between India and Nepal. This was further added by the
entry of the putative Glacial/postglacial genetic influx from West Eurasia to the South Asia,
estimated to have occurred in between 15-21 Kyr BP. Indicator for this genetic influx was
provided by lineage N1alb (Silva et al., 2017). This claim was further strengthened by the
presence of deep time depth west Eurasian specific Hg N1alb (N1alb1l and I1e) in Brahmin and
Manandhar group of Nepal. Considering the close vicinity between Nepal and the North India in
geography, a possibility that West Eurasian genetic components might have spread into Nepal at
the same time as they initially spread in North India could not be ruled out. During the Holocene
several East Asian, South Asian as well as West Eurasian specific lineages were added into
contemporary Newar via multiple dispersal from several distinct sources in different time, rather
than just one or two major admixture events in the Neolithic/Bronze age. However, Newar and
Magar experiences huge gene flow during the Neolithic/Bronze age mainly from East Asia. The
study of the ancient genome (Whole genome sequencing, mtDNA and Epasl) of the 8 ancient
samples (dental) from Annapurna Conservation Area (ACA) of Nepal (Mustang District), spanning
3,150-1,250 year before present (YBP) yielded affinities with the peoples living today on the
Tibetan plateau. Majority of the East Asian specific Haplogroups (D4j1b, M9a, Z3ala, Ficla and
F1d1) detected in ACA samples were also detected in Newar and Magar. However Hgs Z3ala and
F1d1 detected in ACA samples makeup 36% of the total Newar sample. This confirms that the
descendant of the earliest inhabitant of the Himalayan arc and the Kathmandu valley shares a
most recent common ancestor.

Most of the East Eurasian haplotype observed in Newar, Magar and Brahmin branched off directly
from the nodes occupied by the Tibetan lineage, albeit a few haplotypes were shared in between
Nepali and Northeast Indian. Hence this study suggest that Tibet might be the possible homeland
through which most of the East Eurasian maternal components has entered into Nepal. Massive
genetic Influx from East Asia (50% of the total Newar sample) most probably occurred in between
3-6 Kyr, has made a hefty contribution to the modern gene pool of the Newar as compared to
South Asia (35.9% of the total Newar sample) or West Eurasia (12.8% of the total Newar sample).
Hence, our investigation of the Newars origin via extensive, high resolution mtDNA diversity
analysis supports a close genetic relationship between Newar and East Asia with substantial
genetic contribution from South Asia and West Eurasia. The clustering pattern in the PCA clearly
shows the gene flow into the Newar from East/Southeast Asia and South Asia. Hence, this
clustering pattern supports the proposed antiquity of Newar, who are postulated to be the
mixture of Dravidian, Mongoloid and Aryan origins (Regmi, 1969). Mitochondrial gene pool of
Brahmin were dominated by South Asian hg, whereas Magar were dominated by East Eurasian
hg. Further, this study performed the most precise identification of East/Southeast Asian, South
Asian and West Eurasian Hgs based on the large scale complete mtDNA analysis of the Nepali
populations and their thorough whole mtDNA sequence comparison with the other Asian
populations.

Frequency of variant 1540C>T of EDAR gene was comparatively lower in Brahmin and Newar.
Whereas its frequency was higher in Magar.
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Figure 6.4 | Comparison of EDAR profile of Newar, Magar and Brahmin with the other populations.
Distribution of 1540C allele of the EDAR gene in association with the geographic and linguistic affiliations.
The background yellow color represents the populations analyzed in present study. The Austroasiatic (AA)
speaking population of India is divided into Khasi-Aslian (KA) and Munda (M). Tibeto-Burman and Indo-
European speaking populations are abbreviated as TB and IE respectively.

Variant 1540C>T of EDAR gene are detected in higher frequency in those populations who share
ancestry with the central china populations. Higher frequency of variant 1540C>T in Magar reflect
their affinity with the populations from central china.

Newar shows lower signal of selection in the genetic variants of EPAS1 gene suggesting a short
stay of majority of these lineages in the Tibetan plateau. In a good agreement with the previous
studies on Tibetans and Sherpa, high-altitude adaptation in Ladhak also identified positive signal
of selection in genetic variants of EPAS1 gene. Further, a strong linear correlation between
genotyped alleles of EPAS1 gene and different level of altitude were detected in the Himalayan
populations residing in Ladhak and Nepal, suggesting that extremely high-altitude hypoxia
environment exert a selective effect on Epasl variants. Changpa, the semi nomadic tribes living
around the Ladhak regions shares most of their matrilineal lineages (mtDNA) with the indigenous
Tibetans suggesting that the Tibetans are the ancestral populations of Changpa and the adaptive
traits for the high-altitude adaptation has been recently inherited form their ancestors in Tibet.
Whereas the general individuals from Ladhak shows higher proportion of West Eurasian maternal
components with substantial genetic contribution from Tibet and India.
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7 Conclusion

Newar, Magar and Brahmin harbors albeit limited, ancient and deep time depth South Asian
lineages suggesting that this region might been inhabited in between 20-30 Kya by the earliest
settlers during the initial peopling of the South Central Asia. The presence of ancient South Asian
hg in the studied populations provides a direct genetic evidence to the long ancient link between
India and Nepal. Further several gene flow from South Asia and West Eurasia were observed
during Glacial/postglacial period. Over the time distinctive nested Nepal specific branch were
present in these lineages Newar experiences several waves of migration during the Holocene
adding several East Asian, South Asian as well as West Eurasian specific lineages into
contemporary Newar via multiple dispersal from several distinct sources in different time, rather
than just one or two major admixture events in the Neolithic/Bronze age. The study of the ancient
genome of the 8 ancient samples from Annapurna Conservation Area (ACA), spanning 3,150—
1,250 YBP yielded affinities with the peoples living today on the Tibetan plateau. Hgs Z3ala and
F1d1 detected in ACA samples makeup 36% of the total Newar sample. Despite the presence of
low frequency of hg F and Z in Tibet, this study suggest that Tibet might be the possible homeland
through which most of the East Eurasian maternal components has entered into Nepal. Hg Z and
F detected in Newar is phylogenetically closer to those found in Tibet, Myanmar and Thailand
suggesting a common ancestor for these lineages. Most of the East Eurasian haplotype, observed
in Newar, Magar and Brahmin branched off directly from the nodes occupied by the Tibetan
lineage, albeit a few haplotypes were shared in between Nepali and Northeast Indian. Massive
genetic Influx from East Asia (50.8%) most probably occurred in between 3-6 Kyr, has made a
hefty contribution to the modern gene pool of the Newar as compared to South Asia (35.9%) or
West Eurasia (12.8%). Hence, our investigation of the Newars origin via extensive, high resolution
mtDNA diversity analysis supports a close genetic relationship between Newar and East Asia with
substantial genetic contribution from South Asia and West Eurasia.

In the past few years, several studies of high-altitude adaptation in Tibetan populations including
Sherpa of Nepal, identified positive selection signals in genetic variants of EPAS1 gene. Present
study of high-altitude adaptation in the Himalayan population’s form Ladhak also identified
positive signal of selection in genetic variants of EPAS1 gene with maximum XPCLR score equal to
105. Further, a strong linear correlation between genotyped alleles of EPAS1 gene and different
level of altitude was detected in the Himalayan populations suggesting that extremely high-
altitude hypoxia environment exert a selective effect on HI2A variants among the populations
from Ladhak. The frequency of the four tag EPAS1 SNPs in Changpa, paralleled with the Tibetan
as well as Sherpa, strongly suggesting that the EPAS1 gene is under selection in people of Tibetan
ethnicity. Hence, the change in the genetic variants in EPAS1 gene might be responsible for
resulting in an efficient hemoglobin-oxygen transport system in Changpa at high altitude hypoxia
environment. Changpa, the semi nomadic tribes living around the Ladhak regions shares most of
their matrilineal lineages (mtDNA) with the indigenous Tibetans suggesting that the Tibetans are
the ancestral populations of Changpa and the adaptive traits for the high-altitude adaptation has
been recently inherited form their ancestors in Tibet. Whereas the mtDNA pool of general
individuals from Ladhak were dominated by West Eurasian Hgs with the substantial genetic
contribution from Tibet and south Asia.

131



8.1 Appendix A

8 Appendix

Appendix

Table 8.1 | Geographic location, linguistic affiliation, sample size and references of the 289 populations
analyzed in the present study. More information in detail regarding the mitochondrial frequencies are
displayed in the Table 8.2 (Appendix A). Samples analyzed in this study are abbreviated as PS (present
study).The number 1, 2...n provided in the reference column corresponds with the reference of the
analyzed populations as given in the Appendix B.

Lon Lati Refe
Id Population State/Location Country gitu tude Language Size renc
de e

1 Maharjan Kirtipur Nepal 85.32 27.72 Tibeto-Burman 100 PS

Bhaktapur Nepal 85.4 27.7

Banepa Nepal 85.5 27.6 Tibeto-Burman 36 PS
2 Shrestha Kathmandu Nepal 85.3 27.7

Bhaktapur Nepal 85.4 27.7

Sankhu Nepal 85.3 27.5 Tibeto-Burman 50 PS
3 Newa _mix Kathmandu Nepal 85.3 27.7

Kathmandu Nepal 85.3 27.7 _.
4 Manandhar Patan Nesal 853 7.7 lpeto-Burman 93 PS
5 Bajracharya Kathmandu Nepal 85.3 27.7 Tibeto-Burman 20 PS
6 Shakya Kathmandu Nepal 85.3 27.7 Tibeto-Burman 19 PS

Kathmandu Nepal 85.3 27.7 _.
7 Udaya Patan Negal 853 277 |beto-Burman 58 PS
8 Brahmin Tanahun Nepal 84.4 27.9 Indo-European 48 PS
9 Magar Tanahun Nepal 84.3 28.0 Tibeto-Burman 36 PS
10 Changpa Jammu and Kashmir India 78.6 33.9 Tibeto-Burman 90 PS
11 Ladhak Jammu and Kashmir India 78.1 34.0 Mixed 89 PS
12 North India India 80.5 26.9 Indo-European 44 PS
13 Newar_mix2 Kathmandu Nepal 85.3 27.8 Tibeto-Burman 65 1
14 Tamang Kathmandu Nepal 84.3 27.7 Tibeto-Burman 45 1
15 Kathmandu Kathmandu Nepal 85.4 27.7 Mixed 77 1
16 Nepali-other I\Il(:;;mandu and East Nepal 87.5 27.7 Mixed 262 2

Khumbu valley Nepal 86.8 27.8 _.
17 Sherpa Zhangmuzhen Tibet 86.0 28.2 Tibeto-Burman | 582 3
18 Hindu_Terai Nepal Nepal 85.2 27.1 Indo-European 23 4
19 Tharu_Chitwan Chitwan Nepal 84.5 275 Indo-European 133 4
20 Tharu_Chitwan Chitwan Nepal 84.4 275 4
21 Tharu_Morang Morang Nepal 87.5 26.7 Indo-European 40 4
22 Hindu_New Delhi New Delhi India 77.2 28.6 Indo-European 83 4
23 Tribal Ap Andra Pradesh India 78.7 14.9 Dravidian 78 4
24 Tharu_Haldwani  Uttarakhand India 79.5 29.2 Indo-European 22 5
25 Tharu_Nainital Uttarakhand India 79.5 29.4 Indo-European 23 5
26 Tharu_Gorakhpur Uttar Pradesh India 75.7 29.4 Indo-European 38 5
27 Tharu_Allahabad Uttar Pradesh India 81.8 25.4 Indo-European 37 5
28 Tharu_Deoria Uttar Pradesh India 83.8 26.5 Indo-European 47 5
29 Tharu_Mahrajganj Uttar Pradesh India 83.1 26.3 Indo-European 42 5
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30
31
32
33
34
35
36
37
38
39
40

41

42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

Brahmin
Kshatriya
Shah

Go swami
Arya
Tamta
Koli
Harijan
Lodhi
Bhar
Mushar

Pardhan
Naikpod

Andh
Tibetans
DEngs
Lhobas
Sherpa’s
Monpas
Japanese
ALCQ
ALGJ
ALGZ
CDBB
CDCD
CDDQ
CDJD
CDLW
CDMK
LSDQ
LSDX
LSGK
LSLZ
LSQS
LZBM
LZCY
LZDQ
NQAD
NQDB
NQXB
RKAR
RKBL
RKDJ
RKDQ
RKDR
RKJZ

Uttarakhand
Uttarakhand
Uttarakhand
Uttarakhand
Uttarakhand
Uttarakhand
Uttar Pradesh
Uttar Pradesh
Uttar Pradesh
Uttar Pradesh
Uttar Pradesh

Adilabad, Andhra

Pradesh

Adilabad, Andhra

Pradesh

Adilabad, Andhra

Pradesh
Tibet
Nyingchi, Tibet
Tibet
Tibet
Tibet
Tokyo
Nagri
Nagri
Nagri
Chamdu
Chamdu
Chamdu
Chamdu
Chamdu
Chamdu
Lhasa
Lhasa
Lhasa
Lhasa
Lhasa
Nyingchi
Nyingchi
Nyingchi
Nagqu
Nagqu
Nagqu
Xigaze
Xigaze
Xigaze
Xigaze
Xigaze
Xigaze

India
India
India
India
India
India
India
India
India
India
India

India
India

India

China
China
China
China
China
Japan
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China

80.6
80.4
79.9
80.2
79.9
79.9
80.1
80.2
81.8
83.5
83.2

78.5

78.5

78.5
86.9
94.4
93.8
85.9
86.0
138.4
85.2
81.1
84.1
94.7
97.1
95.6
89.2
96.6
98.7
91.1
911
91.8
91.2
90.7
95.8
97.5
94.3
91.7
941
90.1
87.2
89.2
87.8
88.8
87.1
89.6

30.2
30.1
29.2
30.0
29.3
29.8
27.9
27.3
26.4
25.9
26.1
19.66
4688,
19.65
6605,

19.7
33.6
29.9
29.5
28.3
28.0
35.8
31.1
325
32.3
30.9
31.2
31.4
315
31.2
29.6
30.0
30.5
29.8
30.2
29.4
29.9
28.6
29.6
32.3
32.0
31.4
29.3
29.1
28.4
29.3
28.6
28.9

Indo-European
Indo-European
Indo-European
Indo-European
Indo-European
Indo-European
Indo-European
Indo-European
Indo-European
Indo-European
Indo-European

Dravidian
Dravidian

Indo-European

Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Mixed

Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman

35
46
46
34
24
29
24
29
49
22
49

193

88

66

111
76
17

668

151

199

151

199

162
30

120
62
28
80
76

625

792

325

567

427

163
68
30

493
17
16
49

113
47

461
22
56
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10

10

11
11
11
11
11
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
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76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

119
120
121
122
123
124

125

RKNM
RKSJ
RKXB
RKXT
RKYD
SNCN
SNDQ
SNGG
SNLZI
SNND
SNQS
SNZL
QHMQ
Menba
Sherpa
Adi
Apatani
Apatani
Naga
Nishi
Tipperah
Garo
Lyngngam
Nongtrai
Maram
Bhoi
Khynriam
War_Khas
Pnar
War_Jaint
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Monba
Tibetan
Lhoba
Tibetan
Tibetan

Hani-YN
Bai-YN1
Bai-YN2
Yi-YN1
Yi-YN2
Jino-YN

Lahu-YN

Xigaze
Xigaze
Xigaze
Xigaze
Xigaze
Shannan
Shannan
Shannan
Shannan
Shannan
Shannan
Shannan
Qinghai
Shannan
Xigaze
Assam

Arunachal Pradesh

Tripura
Nagaland
Tripura
Tripura
Meghalaya
Meghalaya
Meghalaya
Meghalaya
Meghalaya
Meghalaya
Meghalaya
Meghalaya
Meghalaya
Nagqu, Tibet
Rikaze, Tibet

Liangshan, Sichuan

Guide, Qinghai
Chamdo, Tibet
Garze, Sichuan
Lhasa, Tibet
Nagqu, Tibet
Nyingchi, Tibet
Nyingchi, Tibet
Shannan, Tibet
Shannan, Tibet
Rikaze, Tibet
Xishuangbanna,
Yunnan

Dali
Xishuangbanna
Xishuangbanna
Chuxiong
Xishuangbanna
Simao,
Xishuangbanna

China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
China
China
China
China
China
China
China
China
China
China
China
China
China

China
China
China
China
China
China

China

89.0
88.0
85.3
88.3
88.9
91.9
91.8
91.0
92.4
91.7
92.1
91.3
100.3
91.9
85.3
92.9
94.1
92.0
94.7
92.0
92.0
90.6
90.9
911
91.2
91.8
91.8
91.9
92.3
92.3
92.0
88.9
102.3
101.4
97.2
102.0
911
92.0
94.4
94.3
91.8
91.8
88.6

100.8
100.2
100.8
100.8
101.5
100.8

101.0

20.7
28.9
29.4
29.4
27.6
28.0
29.2
29.3
28.5
29.0
20.1
290.2
34.5
28.0
294
26.3
28.3
24.0
26.2
24.0
24.0
25.6
254
25.9
255
26.0
255
25.2
25.5
25.2
31.6
294
27.9
36.1
31.3
30.1
20.7
31.8
29.7
29.4
29.3
28.8
28.9

22.0
25.7
22.1
221
251
22.1

22.8

Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman

Tibeto-Burman

Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman

Tibeto-Burman

81
67
40
49
65
19

177
32
44
47
66
27

130
57
29
45
26
21
43
44
20
76
74
27
60
29
82
29
51
17

168

220
62
76
61
55
59
58
51
53
20
56
59

80

69
19
16
40
18

37
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13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
14
14
14
14
14
15
16
16
16
16
16
16
16
16
16
17
17
17
17
18
18
18
18
18
18
18
18
18

19

19
19
19
19
19

19
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126
127
128
129
130
131
132
133

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175

Pumi-YN
Naxi-YN
Zang-YN1
Zang-YN2
Lisu-YN
Va-1

Va-1
Bugan

Dai-YN1
Dai-YN2
Buyang-YN
Lachi-YN
OT-YN
GL-YN
Miao-YN
Yao-YN1
Yao-YN2
BY-GZ1
BY-GZ2
GL-GZ1
GL-GZ2
GL-GZ3
Yao-HN1
Yao-HN2
ML-GX
Maonan-GX
Caolan-GX
Sui-GX
Zhuang-GX1
Zhuang-GX2
WS-GX
Yerong-GX
GL-GX
Dong-GX
Yao-GX1
Yao-GX2
Yao-GX3
Yao-GX4
Yao-GX5
Yao-GX6
Yao-GX7
Yao-GD
Danga-HI
Lingao-HlI
Hlai-Qi-HI
Jiamao-HI
Cun-HI
Kinh
Middle Viet
Northern VIE1

Ninglang

Lijiang

Diging
Zhongdian
Gongshan

Simao
Gengma,Ximeng
Xichou

Jinghong
Xishuangbanna
Guangnan
Maguan
Malipo
Malipo
Wenshan
Mengla
Malipo
Libo
Pingtang
Bijie
Majiang
Dafang
Jishou
Jianghua
Luocheng
Huanjiang
Fangcheng
Rongshui
Tianlin
Hezhou
Rongshui
Napo
Longlin
Sanjiang
Dahua
Tianlin
Fuchuan
Fangcheng
Hezhou
Shangsi
Jinxiu
Liannan
Lingshui
Lingao
Tongza
Baoting
Dongfang
Hanoi
Middle Vietnam
Hanoi

China
China
China
China
China
China
China
China

China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
Vietnam
Vietnam
Vietham

100.9
100.2
99.7
99.7
98.7
101.0
99.4
104.7

100.8
100.8
105.1
104.4
104.7
104.7
104.3
101.6
104.7
107.9
107.3
105.3
107.6
105.6
109.7
111.6
108.9
108.3
108.4
109.3
106.2
111.6
109.3
105.8
105.4
109.6
108.0
106.2
111.3
108.4
111.6
108.0
110.2
108.0
110.0
109.7
109.5
109.7
108.7
105.9
107.6
105.9

27.3
26.9
27.8
27.9
27.8
22.8
23.6
23.5

22.1
22.0
24.1
23.0
23.1
23.2
23.4
215
23.2
25.4
25.9
27.3
26.5
27.2
28.3
25.2
24.8
24.8
21.8
25.1
24.3
24.4
25.1
23.4
24.9
25.8
23.8
24.3
24.8
21.8
24.4
22.2
24.1
22.2
18.5
19.9
18.8
18.6
19.1
21.0
16.5
21.1

Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic

Tai-Kadai

Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Hmong-Mien
Hmong-Mien
Hmong-Mien
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Hmong-Mien
Hmong-Mien
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Hmong-Mien
Hmong-Mien
Hmong-Mien
Hmong-Mien
Hmong-Mien
Hmong-Mien
Hmong-Mien
Hmong-Mien
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic

Appendix

35 19
45 19
88 17,20
35 19
30 21
22 20
36 22
32 23
81 21,23
21 20
31 23
30 23
25 23
14 23
39 24
37 24
40 24
33 23
30 23
12 23
29 23
31 23
103 24
24 24
66 23
32 23
30 23
30 23
25 23
55 25
33 23
15 23
30 23
72 25
19 24
64 24
102 24
30 24
41 24
32 24
67 25
35 25
40 23
31 23
34 23
27 23
30 23
139 26
62 23
187 27,28
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176

177
178
179

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

196
197
198
199
200
201
202
203
204

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

Northern VIE2

Viet-South
Thai-KK
Phuthai-THA
LSg-THA
Thai-CM
Thai-Jin
Thai-Yao
Thai-Korat
Akha

Lahu

Lisu

Lisu

Lisu
Mussur
Lisu 4
Sakai
Chong
Khm

ChB

Cambodia
Semang
Senoi
Semelai
Nicobarese
Barma
Karen
Chakma
Marma

Tripura
Burmans_1
Burmans_2
Burmans_3
Burmans_4
Burmans_5
Burmans_6
Naga_1
Naga 2
Naga 3
Chin_1
Chin_2
Chin_3
Rakhine 1
Rakhine_2
Bharia

Bhil
Saharia

Vietnam

South Vietnamese
from California
Khon Kaen
Nakhon Pathom

Suphan Buri
Chiang Mai
Thailand

Northern Thailand
Thailand

Chiang Rai

Chiang Mai
Chiang Mai
Chiang Rai

Mae Hong Son
Chiang Mai
Chiang Mai

Trang

Chanthaburi
Northeast Thailand
Northeast Thailand
Siem Reap, NW
Cambodia

West Malaysia
West Malaysia
West Malaysia
Eastern India
Myanmar
Myanmar
Chittagong hill tract
Chittagong hill tract

Chittagong hill tract
Sagaing

Sagaing

Sagaing

Magway

Bago
Ayeyarwady
Sagaing

Sagaing

Sagaing

Chin

Chin

Magway
Magway
Rakhine
Chhindwara, MP
sehore, MP
Shiwuri, MP

Vietnam

Vietnam
Thailand
Thailand

Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand

Cambodia
Malaysia
Malaysia
Malaysia
India
Myanmar
Myanmar
Bangladesh
Bangladesh

Bangladesh
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Myanmar
Inida
Inida
Inida

105.0

105.0
102.6
100.2

100.0
98.7
99.7
99.3
99.7
99.8
99.0
98.8
99.7
99.0
99.7
97.9
99.6

102.1

102.2

102.3

103.9
101.8
101.9
102.3
92,5
98.1
98.0
91.8
91.8

91.8
95.4
94.1
94.6
94.6
95.7
95.3
95.3
94.9
95.0
93.7
93.5
94.3
94.1
94.8
78.9
77.1
1.7

21.2

10.5
16.0
14.0

14.6
18.9
17.3
18.9
17.3
19.9
18.8
19.2
19.9
18.9
19.9
18.8
7.6

12.6
12.8
14.9

134
4.8
5.1
2.9

10.6

16.7

17.1

22.4

22.4

22.3
21.8
234
23.8
20.6
17.8
18.4
25.9
255
25.2
23.5
21.6
20.2
21.7
18.7
221
23.2
25.4

Austro-Asiatic
Austro-Asiatic

Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic

Austro-Asiatic

Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Austro-Asiatic
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Tibeto-Burman
Dravidian

Indo-European
Austro-Asiatic

25
220
40
34
32
91
39
54
41
25
21
25
20
25
22
20

31

112
52
61
46

116

155

108
97
97
32
53
51

122
69
72
32
30
39
58

187
13
24
63
65
49
95
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28
29

30
30
30
30,31
31
21
32
33
33
33
33
33
30
30
30
30
32
32

34

35
6
6

36, 37

38

38

39

39

39

40

40

40

40

40

40

40

40

40

40

40

40

40

40

42

42

42
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223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274

Khon Mueang
Khon Mueang
Khon Mueang
Khon Mueang
Khon Mueang
Khon Mueang
Khon Mueang
Khon Mueang
Khon Mueang
Yuan

Yuan

Shan

Lao Isan

Lao Isan

Lao

Lao

Phutai

Seak

Nyaw

Black Tai
Phuan

Phuan

Phuan

Phuan

Phuan

Mon

Mon

Mon

Mon

Khmer
Khmer

Bru

Blang
Paluang

Lawa

Lawa

Lawa
Makrani
Caucasus
Altaians
Khakassians
Buryats
Sojots
Todjins
Tuvinians
Tofalar
Tubalar

Tuvan

Buryat
Tofalar
Evenki
Negidal

North
North
North
North
North
North
North
North
North
North
Central
North
Northeast
Northeast
North
Central
Northeast
Northeast
Northeast
Central
North
North
North
Central
Central
Northeast
West
Central
Central
Northeast
Northeast
Northeast
North
North
North
North
North

East
East
East
East
East
East

Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Laos
Laos
Thailand
Thailand
Thaialnd
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Pakistan
Caucasus
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia
Siberia

99.2
99.9
100.3
98.3
99.7
98.1
99.2
100.3
98.3
99.6
100.6
99.9
102.1
102.0
102.2
102.3
102.1
104.5
103.2
100.6
99.2
99.9
100.3
102.0
100.3
102.0
99.4
100.6
100.6
104.5
103.2
103.2
99.2
99.9
100.3
98.3
99.7
69.1
46.6
102.4
90.3
98.8
93.0
94.9
94.5
104.2
94.9
94.5
98.8
104.2
102.7
130.9

19.7
20.1
19.6
19.6
18.7
18.7
19.7
19.6
19.6
194
14.3
20.1
17.3
17.7
21.1
19.9
17.3
15.7
15.8
14.3
19.7
20.1
19.6
14.3
151
17.7
13.7
14.3
14.3
15.7
15.8
15.8
19.7
20.1
19.6
19.6
18.7
29.0
39.9
55.4
53.5
56.3
55.6
74.0
51.2
52.1
56.2
51.2
56.4
52.1
53.8
51.3

Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Tai-Kadai
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Austroasiatic
Arabic

Indo-European

Altaic
Altaic
Altaic
Altaic
Altaic
Altaic
Altaic
Turkic
Turkic
Mongolic
Turkic
Tungusic
Tungusic

25
25
24
25
23
25
25
24
25
17
25
25
25
25
25
24
25
26
25
25
25
25
25
25
25
25
23
25
22
19
25
24
25
25
22
24
24
81
147
110
53
90
30
49
90
58
72
96
25
46
71
33

Appendix

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
44
45
49
49
49
49
49
49
49
46
46
46
46
46
46
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275 Ulchi East Siberia 139.1 52.1 Tungusic 87 46
276 Nivkhi East Siberia 37.9 56.4 unknown 56 46
277 Udegey East Siberia 135.1 48.5 Tungusic 46 46
278 Afghanistan Uzbekistan 66.4 38.8 Unknown 85 47
279 Kyrgyzstan Uzbekistan 70.0 41.4 Unknown 226 47
280 Kazakhstan Uzbekistan 61.0 41.4 Unknown 214 47
281 Russia Uzbekistan 57.5 43.7 Unknown 150 47
282 Tajikistan Uzbekistan 67.5 38.9 Unknown 238 47
283 Turkmenistan Uzbekistan 63.6 39.8 Unknown 212 47
284 Fergana Uzbekistan 71.8 40.4 Unknown 49 47
285 Karakalpakstan Uzbekistan 59.2 43.7 Unknown 40 47
286 Qashkadarya Uzbekistan 66.1 38.8 Unknown 62 47
287 Tashkent Uzbekistan 69.3 41.3 Unknown 55 47
288 Khorezm Uzbekistan 60.9 41.4 Unknown 94 47
289 Minnan Kaohsiung Taiwan 120.9 23.8 Unknown 50 48
Total (N) 20917

Table 8.2 | Hg frequency (%) of 289 populations analyzed in this study. The value 0 indicates the
frequency (%) range between 0.1-0.49. Due to the large size of the file, the complete data for Table 8.2
is available only in online (excel format) on request. Here the data shown in the table are the

representative data included from the first and last segment of the original table

D
B B B / D D D D G G G G H M
A B 45 6 CCZD G 1 45 6 EF F1F2F3FAG 1 2 3 4 H WV I J *
1 MDR 8| -|-1-1-[-1-1-1-1- - - - -10- - - - -2 - -1 1113 - -
2 STH 31-1-I3[-1-1-[-[-1-16[-{-[-1-119{-[-|1-1-{-0{-[-1-01-1-[-1- -
3 N-MIX 6 - - - - - - - -10- - - -244 - - - -6 - -2 - - - -
4 Maharjan i - - - -1-- - -42 - - -26 -l- -1 -1f-1-11{-f-1- 1
5 BJR m0°- - - - - - - - -10- - - -10 - - - - - - - - - - - -
6 SHK -l -l - -l - -f-1s - -l -ttt -t -
7 Udaya 7 - -/ - - -/-/-/- -'7/-/ -/ - -/123 - - - -7 - - - - - -
8 BR-NP 2 -2 - -2 - - - -2 2 - - -6 - - - - -26 -2 - - - -
9 MGR - - -3 -8 - - -/ -1411 - - - - - - - - - -1 -151-[-1- -
10 N-MIX2 8 - - 2 - - - - -35 - - -12- - - -5- - -3 - - -
11 Tamang 5 - - - -2 - - - -1611 - - - 7 -l -f1-1-J2)-f{-1-1-1-1- -
12 Kathmandu 5-/-1-4/----9/3 - - -/8- - -/-/---/-/111 -1 -
13 Nepali-other 6 - - 0 - 1 - 1 - - 63 - - - 7 -/- -2 -21 - - 0 2 - -
14 Sherpa 27 - - - - - -6 - - - - - - =-211--1- - - -1 - - - -
15 H-TE == -l ta - -t -1 -4l -
16 TH-CI - --9%- - - - - -5- - - -7 - - -11 - 16 - - 2 - - -
17 TH-CII - - -3 -5 - - - -12 - - - - 5 - - - 8 -13 - - - - - 1
18 TH-E =l -3 -I3]-|-f-[-1100-]-|-[-I5|-[-1-13[-J10-f{-]-]-/-1- -
19 H-ND Sl - -t -ttt - - - -121 -1 - - 2
20 Tribal-AP - - -t -1-1-1- -1 - 10
21 Tharu-UTK 2 -1 -[2-1-1-{-[{-1-19[-[-[-1-12[-[-|1-114]-[9[-|-1-[-[-1- 7
22 Tharu -UP 1 - -4 -3 - - - -4 - - -1 - - - -3 -5 - - - - -1 1
23 Brahmin-Uutk 2 - - - - 2 - - - - - - - - -1 - - - - - -1 - -1 - - 2
24 Kshatriya 4 -1 - - - - - -/ -12 4 - - 31 - - - - -5 - - -1 - 4
25 Shah 7 - 6 - - 6 - - - -11- - - 66 - - - -3 -6 - -3 - -
26 Goswami 9l-|-|-1-14f-1-1-{-14)-1-1-1-12{-1-1-1-1-19]-1-1- -] - 2
27 Arya 41 -[-|-|-|-|-1-1-f{-1212|-f-|-]-f{-/-1-{-/-/-12[-|-]-]12]-
28 Tamta 2(-1-1-1-13(-1-1-1-1(6]1-1-1-f{-1-1-1-01-1-1-01-13f-1-1-1-1- -
R R RRRRRRRRRR u u UuuUuwu u u
2 21223 3031325 8 9 T U1l 212 2 3 457 8 9 V WXY
281 TUR 1 ------0----6-11-21421---2231
282 FER - - - - - - -8 - - - -4 - - - - - - -10 - - -/ - 2 - 2
283 KAR - - - - --------5-3 - -5-53- - - -35 -
284 QAS 2 - - -2 - - - - - - -6 - - - -22 -5 - - -3 - -
285 TAS -l - - -t -l7 - - -1-19l20-17(2(-(-(-1-12]-
286 XOR 2 - - - - - - - - ---12-2--11331---23 -
287 Minnan (TAIW - - - - - - - - - - - 4 - - - - - -/ - - - - -/- - - - 2
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8.2 Appendix B

References for Table 8.1 (population information) and Table 8.2 (Haplogroup frequency of the
289 analyzed populations) is provided below:
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Table 8.3 | mtDNA sequence variations of Newar, Magar and Brahmin. Polymorphism (Poly) not

associated with the Hgs are segregated

into two groups 1) Not_found polys & 2)

Remaining_Polys. If the Hg associated polymorphisms (Polys) are missing, they are indicated as
Not_found_polys. Whereas extra variants not associated with particular Hg are represented by
Remaining_polys. Remaining polys may also contain mutational hotspots such as 309.XC, 16519,
523-524d etc. For more detail see Materials and Methods (Haplogroup Assignment). Due to the
large size of the file, the complete data for Table 8.3 is available only in online format (excel
format) on request. Here the data shown in the table are the few representative data included

from the original table.

Mabharjan (M001-M100)

Sample

HG
ID

Range

MO001 U2bla 1-16569;

M002 7Z3ala 1-16569;

10025-10818 ; 3266-3957 ; 12040-
12547 ; 7196-7916 ; 12611-13446 ;
13432-14248 ; 14894-15629 ; 3831-
4661 ; 15831-16569 ;

M003  M9ala2

MO004 D4jlal 1-16569;

10074-10848 ; 15014-15746 ; 3268-
3875; 15818-16544 ; 12036-12777;
7966-8806 ; 9317-10117 ; 12610-
13383 ; 13371-14175 ; 1-749 ; 3831-
4661 ;

10025-10842 ; 14943-15710 ; 3199-
3967 ; 16185-16543 ; 11971-12725;
12596-13343 ; 13361-14270 ; 3831-
4650 ; 5298-6038 ; 5347-6039 ;
15039-15856 ; 3195-3964 ; 11980-
12766 ; 16184-16568 ; 10027-10852 ;
3832-4667 ; 5350-6042 ; 12604-13154
Fidi

14971-15709 ; 3225-3931 ; 15833-
16564 ; 11974-12622 ; 10026-10758 ;
10026-10651 ; 12605-13474 ; 3832-
4657 ; 1288-1991 ;

10025-10846 ; 15037-15776 ; 3201-
3932 ; 11980-12637 ; 16184-16544 ;
12619-13473 ; 3833-4666 ; 1983-2415
Flg ;

MO005 U7a3a

MO006

F1d1

MO007

MO008

Mb5a

MO009

Input_sample

73G 146C 263G 309.1C 315.1C 523d 524d 750G 1438G
1811G 3010A 3915A 4093G 4769G 5186T 6620C 6737G
7028T 8860G 10688A 11467G 11719A 12106T 12308G
12372A 13194A 13708A 14605G 14766T 15049T 15326G
16051G 16168T

73G 152C 207A 249d 263G 309.1CCC 489C 750G 1438G
2706G 4715G 4769G 6752G 7028T 7196A 8584A 8701G
8860G 8931G 9090C 9540C 9713A 10208C 10398G
10400T 10873C 11075C 11719A 12705T 13620C 14766T
14783C 15043A 15301A 15487T 15784C 15928A 16150T
16185T 16223T 16260T 16298C

3394C 4491A 7256T 7468T 10398G 10400T 12705T
13731G 15043A 15301A 15326G 16145A 16223T 16234T
16316G

73G 263G 309.1C 315.1C 489C 750G 1438G 2706G
3010A 4769G 4883T 5178A 5262A 7028T 7581C 7783C
8414T 8701G 8860G 9540C 10381G 10398G 10400T
10873C 11696A 11719A 12130C 12358G 12705T 14070G
14668T 14766T 14783C 15043A 15295T 15301A 15326G
16086C 16223T 16362C

73G 151T 152C 263G 267C 309.1C 315.1C 523d 524d
37417 8137T 8545A 8684T 9852G 10142T 12308G
12372A 12618A 13500C 15326G 15364T 16223T 16309G
16318T 16519C

3970T 5628C 10310A 10609C 12406A 12882T 13135A
13928C 15204C 15326G 15402T 16189C 16263C 16284G
16304C 16519C

3970T 5628C 10310A 10609C 12406A 12840T 12882T
13135A 15204C 15326G 15402T 16189C 16284G 16304C
16519C

1438G 1888A 3398C 3921T 10398G 10400T 12477C
12705T 15043A 15301A 15326G 16129A 16223T 16224C
16311C 16519C

2389T 3398C 3630T 3970T 10310A 10609C 12406A
12882T 15326G 16189C 16304C 16519C

NOt_fo

und_po

lys

16362C

Remaining_Polys

309.1C 315.1C 523d
524d 3010A 6620C 6737G
10688A 14605G

309.1CCC 16150T

7468T 13731G

309.1C 315.1C 10381G

14070G

267C 309.1C 315.1C
523d 524d 8545A 15364T
16223T 16519C

15204C 16263C 16284G
16519C

12840T 15204C 16284G
16519C

3398C 16224C 16311C

16519C

3630T 16519C
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Table 8.4 | mtDNA sequence variations of Changpa, Ladhak and North India. Due to the large
size of the file, the complete data for Table 7.6 is available only in online format (excel format) on
request. Here the data shown in the table are the representative data included from original

table.

Ladhak (LDK001-LDKO089)

Sample Haplo

ID

LDKOO

LDKOO

LDKOO

LDKOO

LDKOO

LDKOO

LDKOO

LDKOO

group

U2a

U2b

A21

14b

A21

HV12

bl

R7

M9al
alclb
1la

ange

1471-2005 ; 11961-12601 ; 3889-4657
; 5-507 ; 508-716 ; 10087-10848 ;
15913-165609 ; 12050-12776 ;

6570-7288 ; 713-1418 ; 1401-2011 ;
11970-12532 ; 3890-4667 ; 15189-
15681 ; 389-712 ; 10075-10846 ;
15911-165609 ; 12051-12778 ;

1-16569 ;

1-16569 ;

11966-12664 ; 3891-4657 ; 15078-
15710 ; 1-355 ; 444-729 ; 10087-10840
; 15913-16569 ; 12124-12775 ; 14011-
14550 ;

12000-12778 ; 3936-4603 ; 16105-
16400 ; 13560-13900 ; 15148-15740 ;
440-715 ; 10088-10847 ; 12125-12780
6597-6958 ; 7247-8042 ; 8025-8692 ;
8682-9396 ; 9330-10114 ; 11380-
12016 ; 12711-13407 ; 671-1413 ;
13402-14277 ; 14277-14423 ; 1912-
2681 ; 2666-3295 ; 3268-3912 ; 4644-
5434 ; 5434-5946 ; 5911-6621 ; 1339-
1919 ; 11972-12777 ; 3890-4665 ;
15108-15704 ; 341-714 ; 16043-16162

1341-1960 ; 1985-2658 ; 2632-3275 ;
3265-3874 ; 4622-5155 ; 5395-5945 ;
5942-6638 ; 708-1417 ; 11996-12664 ;
3826-4655 ; 15005-15687 ; 5-710 ;
10087-10858 ; 12051-12782 ; 8008-
8613;

Not_Fo
Input_Sample
ys
1811G 4171T 44.1C 524.1A 12034T
16051G 200G 16291T 309.2C 146C
16206C 12696C 309.1C 73G 524.2C
12308G 16129A 12372A 263G 16519C
315.1C

750G 1438G 4053G 16051G 1888A 7028T
1811G 12106T 15326G 709A 12397G
16124C 12308G 16239T 12372A

11719A 12603T 12705T 14364A 1438G
14766T 15326G 15404C 16092C 16223T
16290T 16319A 16362C 1736G 2706G
4248C 4769G 4824G 663G 7028T 750G
8794T 8860G 263G 309.1C 309.2C 315.1C
235G 152C 73G

10034C 10238C 10398G 11530G 11719A
12501A 12705T 13662T 13708A 13780G
1438G 14766T 15118G 15326G 15924G
16129A 16223T 16271C 16391A 16519C
1719A 2308G 2706G 4113A 4529T 4769G
7028T 750G 8251A 8519A 8768T 8860G
73G 199C 204C 250C 263G 315.1C 573.1C
573.2C 573.3C 573.4C 573.5C 573.6C
15043A

4248C 15326G 14364A 663G 12705T
16092C 73G 152C 235G 263G 309.1C
309.2C 309.3C 315.1C 315.2C 12603T
16223T 16290T 16319A 16362C 16519C

15326G 15682G 16356C 13889A 15300C
249d 10873C

1007A 11719A 12867T 13105G 13647T
1438G 15326G 15416C 16085T 2706G
3633C 4769G 5601T 750G 7660C 8697A
8860G 9531G

1438G 2706G 4769G 5899.1C 750G

4491A 15043A 73G 10398G 12705T 1041G
3394C 15301A 315.1C 15326G 489C 263G
10400T 1005C 711C

und_Pol Remaining_Polys

44.1C 146C 200G
524.1AC 41717
12034T 12696C
16129A 16291T

709A 1888A
4053G 12397G
16124C 16239T

12603T 15404C
16092C

8768T 11530G
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the corresponding Figure (PhyloTree).
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Table 8.5 | List of Newa sub caste included in Newa mix group. Total number of sample included in Newa
mix group is 50.
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Figure 8.1| Map showing the geographic territory and respective countries. Geographic region including
the respective countries of South Asia, Central Asia, Caucasus, East Asia and Mainland South East Asia are
shown in the map. Map created using Corel Draw Suite X8 version 18. All colored boundaries in the Map

are approximate.

8.8 Appendix H

Table 8.6| Genotyped data for Changpa, Ladhak, and other lowlander populations from Nepal and India.
The p value demonstrates significance of correlation analysis

rs150877473 (C>G)

rs13419896 (G>A)

rs1868092 (G>A)  |rs1868093 (G>A)

Alt C

G

G

A

G A G A

1300] 0.91954

0.08046

0.664179

0.335821] 0.69697| 0.30303| 0.69697| 0.30303

1400| 0.925926

0.074074

0.741279

0.258721] 0.731579| 0.268421| 0.731579| 0.268421

2000 1

0

0.833333

0.166667] 0.559524| 0.440476| 0.559524| 0.440476

3000] 0.713415

0.286585

0.602273

0.397727] 0.559211| 0.44079| 0.559211| 0.44079

4000| 0.227273

0.772727

0.197674

0.802326] 0.266667| 0.733333| 0.266667| 0.733333

550 0.973

0.027

0.731

0.269 0.892 0.108] 0.892473| 0.107527

44 0.99

0.01

0.694

0.306 0.917 0.083] 0.917476| 0.082524

19 1

0

0.644

0.356 0.909 0.091] 0.908654| 0.091346

19 0.99

0.01

0.753

0.247 0.924 0.076] 0.924242| 0.075758

Correlation
P-value

0.003668

0.04493 5.95E-06 5.99E-06
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8.9 Appendix |

Table 8.7 | EDAR profile of the Nepali and other populations.

Appendix

1540C

Population State/City Location n Language (%) Reference
Shrestha & newa 27
mix Kathmandu Nepal 86 Tibeto-Burman Present Study
Maharjan Kathmandu Nepal 100 Tibeto-Burman 28 Present Study
Shakya Kathmandu Nepal 19 Tibeto-Burman 33 Lab data
Bajracharya Kathmandu Nepal 20 Tibeto-Burman 28 Lab data
Udaya Kathmandu Nepal 58 Tibeto-Burman 35 Lab data
Magar Tanahun Nepal 36 Tibeto-Burman 71 Present Study
Brahmin Tanahun Nepal 48 | Indo-European Present Study
Biaka Pygmies Central African Africa 32 Bantu Xue et al. 2009

Democratic Republic of
Mbuti Pygmies Congo Africa 13 Bantu Xue et al. 2009
Bantu N.E. Kenya Africa 10 Bantu Xue et al. 2009
San Namibia Africa 4 Khosian Xue et al. 2009
Yoruba Nigeria Africa 17 Niger-Congo Xue et al. 2009
South Africa Africa 8 Africans Xue et al. 2009
Mozabite Algeria (Mzab) Algeria 25 Afro-Asiatic Xue et al. 2009
Maya Mexico America-N 24  Maya 88 Xue et al. 2009
Pima Mexico America-N 24 Pima Xue et al. 2009
Karitiana Brazil Brazil 24  Tupi Xue et al. 2009
Surui Brazil Brazil 21 Akwawa 74 Xue et al. 2009
Northeast China East Asia 40 Sinitic Xue et al. 2009
Northwest China East Asia 19 Sinitic 66 Xue et al. 2009
Han China East Asia 43  Sinitic Xue et al. 2009
Central China East Asia 30 Sinitic 80 Xue et al. 2009
Southwest China East Asia 50 Sinitic 83 Xue et al. 2009
Japanese Japan East Asia 31 Japonic 74 Xue et al. 2009
France France Europe 52 Indo-European Xue et al. 2009
Italy Italy Europe 46 Indo-European Xue et al. 2009
Orcadian Orkney Islands Europe 13 Indo-European Xue et al. 2009
Nyshi Arunanchal-Pradesh India 20 Tibeto-Burman 65 Chaubey et al. 2011
Garo Meghalaya India 20 Tibeto-Burman 53 Chaubey et al. 2011

Khasi- 20

Khasi Meghalaya India 20 | Aslian/Austroasiatic Chaubey et al. 2011
Naga Nagaland India 17 Tibeto-Burman Chaubey etal. 2011
Kanjar Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Harijan Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Dharkar Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Dusadh Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Kol Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Low Caste Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Brahmin Uttar Pradesh India 22 Indo-European Chaubey et al. 2011
Middle Caste Uttar Pradesh India 10 Indo-European Chaubey et al. 2011
Musahar Uttar Pradesh India 12 Indo-European 4 Chaubey etal. 2011
Tharu Uttar-Pradesh Mixed India 24 Indo-European 8 Chaubey etal. 2011
Tharu Uttarakhand (Haldwani) India 22 | Indo-European 10 Chaubey et al., 2014
Tharu Uttarakhand (Nainital) India 23  Indo-European 17 Chaubey etal., 2014
Tharu Uttar Pradesh (Gorakhpur) India 38 Indo-European 13 Chaubey et al., 2014
Tharu Uttar Pradesh (Allahabad) India 37 Indo-European 3 Chaubey et al., 2014
Tharu Uttar Pradesh (Deoria) India 47 | Indo-European 10 Chaubey et al., 2014

Uttar Pradesh 12
Tharu (Mahrajganj) India 42 | Indo-European Chaubey et al., 2014
Chenchu Andhra-Pradesh India 20 Dravidian Chaubey etal., 2014
Velamas Andhra-Pradesh India 25 Dravidian Chaubey etal., 2014
Brahmin Andhra-Pradesh India 19 Dravidian Chaubey etal., 2014
Oraon Bihar India 20 Dravidian Chaubey et al., 2014
Kharia Chattishgarh India 20 Munda/Austroasiatic 15 Chaubey et al., 2014
Bhunjiya Chattishgarh India 20 Indo-European -Chaubey etal., 2014
Birhor Chattishgarh India 35 Munda/Austroasiatic 3 Chaubey etal., 2014
Kanwar Chattishgarh India 11 Indo-European Chaubey etal., 2014
Kolcha Gujarat India 15 Indo-European Chaubey et al., 2014
Ho Jharkhand India 32 Munda/Austroasiatic 9 Chaubey etal., 2014
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1540C
Population State/City Location n Language (%) Reference
Mawasi Jharkhand India 29 Munda/Austroasiatic 8 Chaubey etal., 2014
Asur Jharkhand India 35 Munda/Austroasiatic 6 Chaubey etal., 2014
Santhal Jharkhand India 19 Munda/Austroasiatic 2 Chaubey etal., 2014
Halakipikki Karnatka India 20 Dravidian Chaubey etal., 2014
Brahmin Kashmir India 20 Indo-European Chaubey etal., 2014
Sakkili Kerla India 15 Dravidian Chaubey et al., 2014
Paniya Kerla India 20 Dravidian Chaubey etal., 2014
Gond Madhya-Pradesh India 20 Dravidian Chaubey etal., 2014
Mawasi Madhya-Pradesh India 10 Munda/Austroasiatic Chaubey etal., 2014
Baiga Madhya-Pradesh India 19 Munda/Austroasiatic Chaubey et al., 2014
Brahmin Madhya-Pradesh India 10 Indo-European Chaubey et al., 2014
Birhor Maharashtra India 15 Munda/Austroasiatic 3 Chaubey etal., 2014
Tribes Maharashtra India 10 Indo-European -Cha ubey etal., 2014
Tharu Nepal India 21 Indo-European 2 Chaubey etal., 2014
Brahmin Nepal India 8 Indo-European Chaubey et al., 2014
Bonda Orissa India 38 Munda/Austroasiatic 7 Chaubey et al., 2014
Gadaba Orissa India 28 Munda/Austroasiatic -Chaubey etal, 2014
Savara Orissa India 38 Munda/Austroasiatic 7 Chaubey etal., 2014
Juang Orissa India 20 Munda/Austroasiatic 3 Chaubey etal., 2014
Oraon Orissa India 20 Dravidian Chaubey et al., 2014
Dhurva Orissa India 10 Indo-European Chaubey etal., 2014
Baiga Orissa India 21 Munda/Austroasiatic Chaubey etal., 2014
Meena Rajasthan India 10 Indo-European Chaubey et al., 2014
Toda Tamilnadu India 14 Dravidian Chaubey etal., 2014
Kurumba Tamilnadu India 16 Dravidian Chaubey et al., 2014
Pulliyar Tamilnadu India 16 Dravidian Chaubey etal., 2014
Tharu Uttar-Pradesh India 24 | Indo-European 8 Chaubey et al., 2014
Chamar Uttar-Pradesh India 10 Indo-European Chaubey et al., 2014
Bengali West-Bengal India 30 Indo-European Chaubey etal., 2014
Brahmin West-Bengal India 10 Indo-European Chaubey etal., 2014
Dusadh Bihar India 5 Indo-European Chaubey etal., 2014
Mahali Jharkhand India 20 Munda/Austroasiatic Chaubey etal., 2014
Malayan Kerla India 25 Dravidian Chaubey et al., 2014
Oorali Kerla India 17 Dravidian Chaubey etal., 2014
Chakilliyan Kerla India 16 Dravidian Chaubey etal., 2014
Koli Maharashtra India 18 Indo-European Chaubey etal., 2014
Meghwal Rajasthan India 12 Indo-European Chaubey et al., 2014
Druze Israel (Carmel) Middle East 43 | Arabic 1 Xue et al. 2009
Palestinian Israel (Central) Middle East 46 Arabic Xue et al. 2009
Bedouin Israel (Negev) Middle East 36 Arabic Xue et al. 2009
Brahmin Tanahun Nepal 8 Indo-European Chaubey etal. 2011
Tharu Nepal Mixed Nepal 21 | Indo-European 2 Chaubey etal. 2011
Tharu Nepal-Butwal Nepal 10 Indo-European 10 Present Study
Tharu Nepal-Tulsipur Nepal 21 Indo-European Present Study
Papuan New Guinea Oceania 15 Papuan Xue et al. 2009
Brahui Pakistan Pakistan 23 Dravidian Xue et al. 2009
Balochi Pakistan Pakistan 25 Indo-European Xue et al. 2009
Hazara Pakistan Pakistan 24 Indo-European Xue et al. 2009
Makrani Pakistan Pakistan 22  Indo-European Xue et al. 2009
Sindhi Pakistan Pakistan 22 Indo-European Xue et al. 2009
Pathan Pakistan Pakistan 21 Indo-European Xue et al. 2009
Kalash Pakistan Pakistan 20 Indo-European Xue et al. 2009
Burusho Pakistan Pakistan 24 language lsolate Xue et al. 2009
Papua New 10
NAN Melanesian Bougainville Guinea 21 | Austronesian Xue et al. 2009
Russian Russia Russia 25 Indo-European 2 Xue et al. 2009
Adygei Russia Caucasus Russia 16 Caucasian 3 Xue et al. 2009
Yakut Siberia Russia 25  Turkik 84 Xue et al. 2009
Mandenka Senegal Senegal 24  Niger-Congo -Xue etal. 2009
Khasi- 55
Cambodian Cambodia South East Asia 10 Aslian/Austroasiatic Xue et al. 2009
Colombian Colombia South East Asia 13 Sign 81 Xue et al. 2009
Java, Indonesia  South East Asia South East Asia 121 Austronesian 34 Fujimoto et al. 2008
Thailand South East Asia South East Asia 65 Tai-Kdai 30 Fujimoto et al. 2008
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8.10 Appendix J

» Genomic DNA from blood sample

Figure 8.2: Genomic DNA from blood samples. Working concentration of DNA was made to 10ng/ul for
all samples and was run on 1% Agarose gel for final confirmation. Genomic bands were visualized under
Gel Documentation System.

> PCR products: PCR products were electrophoresed at 120V in 2% agarose gel. The PCR
products were then visualized under Gel Doc. On obtaining a single band devoid of any
primer-dimer bands the PCR products were proceed for purification using ExoSAP enzyme.

Figure 8.3: Agarose gel electrophoresis of the PCR products (<650 bp) amplified with the mitochondrial
DNA primers.
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8.11 Appendix k

Complete mtDNA sequence of one representative sample belonging to Prof. Dr. Tilak R.
Shrestha (STHO007) in Fasta format is given below. In the sequence, HVR Il (1-400) and HVR |
(16000-16450) are underlined respectively.

>STHO07
gatcacaggtctatcaccctattaaccactcacgggagctctccatgceatttggtattttcgtctggggggtgtgcacgcgatageattgcgagacgetgga
gccggageaccctatgtegeagtatctgtctttgattcctgectcatctcattatttatcgcacctacgttcaatattacaggcgaacatacttactaaagtgtgtt
aattaattaatgcttgtaggacataataataacaattgaatgtctgcacagccgctttccacacagacatcataacaaaaaatttccaccaaaccceccectce
cceegcttctggecacageacttaaacacatctctgccaaaccccaaaaacaaagaaccctaacaccagcectaaccagatttcaaattttatcttttggeggt
atgcacttttaacagtcaccccccaactaacacattattttcecctcccactcecatactactaatctcatcaatacaacccccgeccatcetacccageacac
acacaccgctgctaaccccataccccgaaccaaccaaaccccaaagacacceeccacagtttatgtagettacctcctcaaagcaatacactgaaaatgtt
tagacgggctcacatcaccccataaacaaataggtttggtcctagectttctattagetcttagtaagattacacatgcaagcatccecgttccagtgagttca
ccctctaaatcaccacgatcaaaagggacaagcatcaagcacgcagcaatgcagcetcaaaacgcettagectagecacacccccacgggaaacageag
tgattaacctttagcaataaacgaaagtttaactaagctatactaaccccagggttggtcaatttcgtgccagecaccgeggtcacacgattaacccaagtca
atagaagccggcgtaaagagtgttttagatcaccccctccecaataaagctaaaacccacctgagttgtaaaaaactccagttgacacaaaatagactacg
aaagtggctttaacatatctgaacacacaatagctaagacccaaactgggattagataccecactatgcttagecctaaacctcaacagttaaatcaacaaa
actgctcgccagaacactacgagccacagcttaaaactcaaaggacctggeggtgcttcatatceetctagaggagcectgttctgtaatcgataaacceeg
atcaacctcaccacctcttgctcagectatataccgcecatcttcagcaaaccctgatgaaggctacaaagtaagegcaagtacccacgtaaagacgttagy
tcaaggtgtagcccatgaggtggcaagaaatgggctacattttctaccccagaaaactacgatageccttatgaaacttaagggtcgaaggtggatttage
agtaaactgagagtagagtgcttagttgaacagggccctgaagegcegtacacaccgeccgtcaccctectcaagtatacttcaaaggacatttaactaaaa
ccectacgcatttatatagaggagacaagtcgtaacatggtaagtgtactggaaagtgeacttggacgaaccagagtgtagcttaacacaaagcacccaa
cttacacttaggagatttcaacttaacttgaccgctctgagctaaacctagccccaaacccactccaccttactaccagacaaccttagccaaaccatttace
caaataaagtataggcgatagaaattgaaacctggcgcaatagatatagtaccgcaagggaaagatgaaaaattatagccaagcataatatagcaaggac
taacccctataccttctgcataatgaattaactagaaataactttgcaaggagagccaaagctaagacccccgaaaccagacgagcetacctaagaacagct
aaaagagcacacccgtctatgtagcaaaatagtgggaagatttataggtagaggcgacaaacctaccgagectggtgatagetggttgtccaagatagaa
tcttagttcaactttaaatttgcccacagaaccctctaaatceccttgtaaatttaactgttagtccaaagaggaacagctctttggacactaggaaaaaacctt
gtagagagagtaaaaaatttaacacccatagtaggcctaaaagcagecaccaattaagaaagcgttcaagetcaacacceactacctaaaaaatcccaaa
catataactgaactcctcacacccaattggaccaatctatcaccctatagaagaactaatgttagtataagtaacatgaaaacattctcctccgeataagectg
cgtcagattaaaacactgaactgacaattaacagcccaatatctacaatcaaccaacaagtcattattaccctcactgtcaacccaacacaggcatgctcata
aggaaaggttaaaaaaagtaaaaggaactcggcaaatcttaccecgectgtttaccaaaaacatcacctctageatcaccagtattagaggeaccgecty
cccagtgacacatgtttaacggccgeggtaccctaaccgtgcaaaggtagcataatcacttgttccttaaatagggacctgtatgaatggcetccacgaggg
ttcagctgtctcttacttttaaccagtgaaattgacctgccegtgaagaggcgggcatgacacagcaagacgagaagaccctatggagctttaatttattaat
gcaaacagtacctaacaaacccacaggtcctaaactaccaaacctgcattaaaaatttcggtiggggegacctcggagcagaacccaacctecgageag
tacatgctaagacttcaccagtcaaagcgaactactatactcaattgatccaataacttgaccaacggaacaagttaccctagggataacagegcaatccta
ttctagagtccatatcaacaatagggtttacgacctcgatgttggatcaggacatcccgatggtgcagecgctattaaaggttegtttgttcaacgattaaagt
cctacgtgatctgagttcagaccggagtaatccaggtcggtttctatctacnttcaaattcctcectgtacgaaaggacaagagaaataaggectacttcaca
aagcgccttcceccgtaaatgatatcatctcaacttagtattatacccacacccacccaagaacagggtttgttaagatggcagageccggtaatcgcataa
aacttaaaactttacagtcagaggttcaattcctcttcttaacaacatacccatggccaacctcctactcctcattgtacceattctaatcgcaatggeattccta
atgcttaccgaacgaaaaattctaggctatatacaactacgcaaaggcecccaacgttgtaggeccctacgggctactacaaccettcgetgacgecataaa
actcttcaccaaagagcccctaaaacccgecacatctaccatcaccetctacatcaccgecccgaccttagetctcaccategctettetactatgaaccce
cctceccatacccaaccecctggtcaacctcaacctaggectectatttattctagecacctctagectagecgtttactcaatcctctgatcagggtgageat
caaactcaaactacgccctgatcggegceactgcgageagtageccaaacaatctcatatgaagteactctagecatcattctactatcaacattactaataa
gtggctcctttaacctctccacccttatcacaacacaagaacacctctgattactcctgecatcatgacccttggecataatatgatttatctccacactageag
agaccaaccgaacccccttcgaccttgeccgaaggggagtccgaactagtctcaggcttcaacatcgaatacgecgcaggecccttegecctattcttcata
gccgaatacacaaacattattataataaacaccctcaccactacaatcttcctaggaacaacatatgacgceactctccectgaactctacacaacatattttgt
caccaagaccctacttctaacctcectgttcttatgaattcgaacagcatacceccgattcegetacgaccaactcatacacctectatgaaaaaacttcctac
cactcaccctagcattacttatatgatatgtctccatacccattacaatctccageattccccctcaaacctaagaaatatgtctgataaaagagttactttgata
gagtaaataataggagcttaaacccecttatttctaggactatgagaatcgaacccatccctgagaatccaaaattctcegtgecacctatcacaceccatee
taaagtaaggtcagctaaataagctatcgggeccataccccgaaaatgttggttatacecttccegtactaattaatccectggeccaacceegtcatctactct
accatctttgcaggcacactcatcacagcgctaagctcgcactgattttttacctgagtaggcctagaaataaacatgcetagcttttattccagttctaaccaaa
aaaataaaccctcgttccacagaagctgccatcaagtatttcctcacgcaagcaaccgcatccataatecttctaatagctatectcttcaacaatatactctee
ggacaatgaaccataaccaatactaccaatcaatactcatcattaataatcataatggctatagcaataaaactaggaatagccecctttcacttctgagteee
agaggttacccaaggcacccctctgacatceggectgcttettctcacatgacaaaaactageccccatctcaatcatataccaaatctctcectcactaaac
gtaagccttctectcactctctcaatcttatccatcatagcaggcagttgaggtggattaaaccaaacccagctacgcaaaatcttagcatactcctcaattac
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ccacataggatgaataatagcagttctaccgtacaaccctaacataaccattcttaatttaactatttatattatcctaactactaccgceattcctactactcaactt
aaactccagcaccacgaccctactactatctcgcacctgaaacaagctaacatgactaacaccettaattccatccaccetecteteectaggaggectgee
ccegctaaccggctttttgcccaaatgggecattatcgaagaattcacaaaaaacaacagectcatcatccccaccatcatagecaccatcaccctecttaa
cctctacttctacctacgectaatttactccacctcaatcacactactceccatatctaacaacgtaaaaataaaatgacagtttgaacatacaaaacccacce
cattcctccceacactcatcgeccttaccacgcetactectacctatctececttttatactaataatcttatagaaatttaggttaaatacagaccaagagccttca
aagccctcagtaagttgcaatacttaatttctgtaacagctaaggactgcaaaaccceactctgcatcaactgaacgcaaatcagecactttaattaagetaa
gcccttactagaccaatgggacttaaacccacaaacacttagttaacagctaagcaccctaatcaactggettcaatctacttctcccgecgecgggaaaaa
aggcgggagaagccccggeaggtttgaagetgettcttcgaatttgcaattcaatatgaaaatcacctcggagetggtaaaaagaggcectaaccectgtet
ttagatttacagtccaatgcttcactcagccattttacctcacceccactgatgttcgecgaccgttgactattctctacaaaccacaaagacattggaacacta
tacctattattcggcgcatgagctggagtcctaggcacagctctaagectecttattcgagecgagcetgggecagecaggcaaccttctaggtaacgacca
catctacaacgttatcgtcacagcccatgcatttgtaataatcttcttcatagtaatacccatcataatcggaggcetttggcaactgactagttcecctaataate
ggtgcccccgatatggegtttcecegeataaacaacataagettetgactcttaccteectetetectactectgctegcatctgetatagtggaggecggag
caggaacaggttgaacagtctaccctcecttagcagggaactactcccaccctggagectecgtagacctaaccatcttetecttacacctageaggtgtet
cctctatcttaggggcecatcaatttcatcacaacaattatcaatataaaacccectgecataacccaataccaaacgeccctettegtetgatcegtectaatea
cagcagtcctacttctectatctctcecagtectagetgetggeatcactatactactaacagaccgcaacctcaacaccaccttcttcgacccegecggag
gaggagaccccattctataccaacacctattctgatttttcggtcaccctgaagtttatattcttatcctaccaggettcggaataatctcecatattgtaacttact
actccggaaaaaaagaaccatttggatacataggtatggtctgagctatgatatcaattggettcctagggtttatcgtgtgagcacaccatatatttacagta
ggaatagacgtagacacacgagcatatttcacctccgetaccataatcatcgctatcccecaccggegtcaaagtatttagetgactcgecacactccacgg
aagcaatatgaaatgatctgctgcagtgctctgagcecctaggatteatctttcttttcaccgtaggtggectgactggcattgtattagcaaactcatcactaga
catcgtactacacgacacgtactacgttgtagctcacttccactatgtcctatcaataggagctgtatttgccatcataggaggcttcattcactgatttceccta
ttctcaggctacaccctagaccaaacctacgccaaaatccatttcactatcatattcatcggcegtaaatctaactttcttcccacaacactttctcggectatccg
gaatgccccgacgttactcggactaccecgatgcatacaccacatgaaacatcctatcatctgtaggctcattcatttctctaacagcagtaatattaataattt
tcatgatttgagaagccttcgcettcgaagcgaaaagtcctaatagtagaagaaccctccataaacctggagtgactatatggatgecceccaccctaccac
acattcgaagaacccgtatacataaaatctagacaaaaaaggaaggaatcgaaccceccaaagctggtttcaagecaaccecatggectecatgacttttt
caaaaaggtattagaaaaaccatttcataactttgtcaaagttaaattataggctaaatcctatatatcttaatggcacatgcagegcaagtaggtctacaaga
cgctacttcecctatcatagaagagcttatcacctttcatgatcacgecctcataatcattttecttatctgcttectagtcctgtatgeccttttcctaacactcaca
acaaaactaactaatactaacatctcagacgctcaggaaatagaaaccgtctgaactatcetgcccgecatcatectagtecteatcgeecteccateecta
cgcatcctttacataacagacgaggtcaacgatcccteecttaccatcaaatcaattggccaccaatggtactgaacctacgagtacaccgactacggegg
actaatcttcaactcctacatacttcceccattattcctagaaccaggcegacctgcgactccttgacgttgacaatcgagtagtactcecgattgaageeccc
attcgtataataattacatcacaagacgtcttgcactcatgagctgtccccacattaggcttaaaaacagatgcaattcccggacgtctaaaccaaaccacttt
taccgctacacgaccgggggtatactacggtcaatgetctgaaatctgtggagcaaaccacagtttcatgcecatcgtectagaattaattcecctaaaaate
tttgaaatagggcccgtatttaccctatagcacccectctacceectctagageccactgtaaagcetaacttagcattaaccttttaagttaaagattaagagaa
ccaacacctctttacagtgaaatgccccaactaaatactaccgtatggcccaccataattacceecatactecttacactattcctcatcacccaactaaaaat
attaaacacaaactaccacctacctccctcaccaaagcccataaaaataaaaaattataacaaaccctgagaaccaaaatgaacgaaaatctgttcacttca
ttcattgcccecacaatcctaggectaccegecgcagtactgatcattctatttceccctctattgatceceacctccaaatatctcatcaacaaccgactaatce
accacccaacaatgactaatcaaactaatctcaaaacaaatgataaccatacacaacactaaaggacgaacctgatctcttatactagtatccttaatcattttt
attgccacaactaacctcctcggactcctgectcactcatttacaccaaccacccaactatctataaacctagecatggecatceccttatgagecgggegea
gtgattataggctttcgctctaagattaaaaatgcectageecacttcttaccacaaggcacacctacaccecttatccecatactagttattatcgaaaccatce
agcctactcattcaaccaatagccctggecgtacgectaaccgcetaacattactgcaggecacctactcatgeacctaattggaagegecaccctageaat
atcaaccattaaccttccctctacacttatcatcttcacaattctaattctactgactatcctagaaatcgctgtcgecttaatccaagectacgttttcacacttcta
gtaagcctctacctgcacgacaacacataatgacccaccaatcacatgectatcatatagtaaaacccageccatgacccctaacaggagecctctcage
cctcctaatgacctccggectagecatgtgatttcacttccactccataacgctectcatactaggectactaaccaacacactaaccatataccaatgatgg
cgcgatgtaacacgagaaagcacataccaaggccaccacacaccacctgtccaaaaaggccttcgatacgggataatcctatttattacctcagaagttttt
ttcttcgcaggatttttctgagecttttaccactccagcectageecctaccecceaattaggagggeactggeccccaacaggceatcaccccgctaaateee
ctagaagtcccactcctaaacacatccgtattactcgcatcaggagtatcaatcacctgagctcaccatagtctaatagaaaacaaccgaaaccaaataatt
caagcactgcttattacaattttactgggtctctattttaccctcctacaagectcagagtacttcgagtcteecttcaccatttccgacggcatctacggctcaa
cattttttgtagccacaggcttccacggacttcacgtcattattggetcaactttectcgetatctgcttcatccgecaactaatatttcactttacatccaaacate
actttggcttcgaagcegecgectgatactggcattttgtagatgtggtttgactatttctgtatgtctccatctattgatgagggtcttactcttttagtataaatag
taccgttaacttccaattaactagttttgacaacattcaaaaaagagtaataaacttcgccttaattttaataatcaacaccctcctagecttactactaataattatt
acattttgactaccacaactcaatggctacatagaaaaatccaccccttacgagtgcggettcgaccctatatccccegecegegtecctttctccataaaatt
cttcttagtagctattaccttcttattatttgatctagaaattgecctecttttaccectaccatgagecctacaaacaactaacctgccactaatagttatgtcatee
ctcttattaatcatcatcctagccctaagtctggectatgagtgactacaaaaaggattagactgaaccgaattggtatatagtttaaacaaaacgaatgatttc
gactcattaaattatgataatcatatttaccaaatgcccctcatttacataaatattatactagcatttaccatctcacttctaggaatactagtatatcgctcacac
ctcatatcctccctactatgcctagaaggaataatactatcgctgttcattatagctactctcataaccctcaacacccactcectcttagecaatattgtgectat
tgccatactagtctttgccgectgcgaagcageggtgggectagecctactagtetcaatctecaacacatatggectagactacgtacataacctaaacct
actccaatgctaaaactaatcgtcccaacaattatattactaccactgacatgactttccaaaaaacacataatttgaatcaacacaaccacccacagcctaat
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tattagcatcatccctctactattttttaaccaaatcaacaacaacctatttagctgttccccaaccttttcctcegaccccctaacaacccecctectaatactaa
ctacctgactcctaccectcacaatcatggcaagccaacgecacttatccagtgaaccactatcacgaaaaaaactctacctctctatactaatctcectaca
aatctccttaattataacattcacagccacagaactaatcatattttatatcttcttcgaaaccacacttatccccaccttggcetatcatcacccgatgaggcaac
cagccagaacgcctgaacgcaggcacatacttectattctacaccctagtaggetcecttecectactcatcgeactaatttacactcacaacaccctaggct
cactaaacattctactactcactctcactgcccaagaactatcaaactcctgagccaacaacttaatatgactagcttacacaatagcettttatagtaaagatac
ctctttacggactccacttatgactccctaaageccatgtcgaageccccatcgetgggtcaatagtacttgecgeagtactcttgaaactaggeggetatgg
tataatacgcctcacactcattctcaaccccctgacaaaacacatagectaccecttecttgtactatcectatgaggcataattataacaagctccatctgect
acgacaaacagacctaaaatcgctcattgcatactcttcaatcagccacatagecctcgtagtaacagecattctcatccaaaccecctgaagcettcaccgg
cgcagtcattctcataatcgeccacggacttacatcctcattactattctgcctagcaaactcaaactacgaacgcactcacagtcgcatcataatcctctcte
aaggacttcaaactctactcccactaatagctttttgatgacttctagcaagectegcetaacctegecttaccecccactattaacctactgggagaactctctg
tgctagtaaccacgttctcctgatcaaatatcactctcctacttacaggactcaacatactagtcacagecctatactcectctacatatttaccacaacacaat
ggggctcactcacccaccacattaacaacataaaaccctcattcacacgagaaaacaccctcatgttcatacacctatcceccattctectcctatcectcaa
ccccgacatcattaccgggttttectcttgtaaatatagtttaaccaaaacatcagattgtgaatctgacaacagaggcttacgaccecttatttaccgagaaa
gctcacaagaactgctaactcatgcccccatgtctaacaacatggctttctcaacttttaaaggataacagctatccattggtettaggccccaagaattttggt
gcaactccaaataaaagtaataaccatgcacactactataaccaccctaaccctaacttcectaattccecccatccttaccaccctegttaaccctaacaaa
aaaaactcatacccccattatgtaaaatccattgtcgcatccacctttattatcagtctcttccccacaacaatattcatgtgcctagaccaagaagttattatcte
gaactgacactgagccacaacccaaacaacccagctetccctaagettcaaactagactacttcteeataatattcatcectgtageattattcgttacatggt
ccatcatagaattctcactgtgatatataaactcagacccaaacattaatcagttcttcaaatatctactcatcttcctaattaccatactaatcttagttaccgeta
acaacctattccaactgttcatcggctgagagggcgtaggaattatatccttcttgctcatcagttgatgatacgececgageagatgecaacacagceageca
ttcaagcaatcctatacaaccgtatcggegatatcggtttcatcctcgecttagcatgatttatcctacactccaactcatgagacccacaacaaatagecctt
ctaaacgctaatccaagcctcaccccactactaggectectectagcagcageaggcaaatcageccaattaggtetccaceectgacteeectcagecat
agaaggccccaccccagtctcagecctactccactcaageactatagttgtagcaggaatcttcttactcatccgettccacccectagcagaaaatagecc
actaatccaaactctaacactatgcttaggcgctatcaccactctgttcgcagceagtctgcgeccttacacaaaatgacatcaaaaaaatcgtagecttctce
acttcaagtcaactaggactcataatagttacaatcggcatcaaccaaccacacctagcattcctgcacatctgtacccacgecttcttcaaagecatactatt
tatgtgctccgggtecatcatccacaaccttaacaatgaacaagatattcgaaaaataggaggactactcaaaaccatacctctcacttcaacctecctcacc
attggcagcctagcattagcaggaatacctttcctcacaggcttctactccaaagaccacatcatcgaaaccgcaaacatatcatacacaaacgectgage
cctatctattactctcatcgctacctcectgacaagcegectatagcactcgaataattcttctcaccctaacaggtcaacctegettccecacccttactaacatt
aacgaaaataaccccaccctactaaaccccattaaacgcectggeagecggaagcectattcgecaggatttctcattactaacaacatttceccegeatcecce
ttccaaacaacaattccectctacctaaaactcacagcecctegctgteactttcctaggacttctaacagecctagacctcaactacctaaccaacaaacttaa
aataaaatccccactatgcacattttatttctccaacatactcggattctaccctageatcacacaccgcacaatcecctatctaggecttcttacgagecaaaa
cctgeecctactectectagacctaacctgactagaaaagctattacctaaaacaatttcacagcaccaaatctcecacctccatcatcacctcaacccaaaaa
ggcataattaaactttacttcctctctttcttcttcccactcatcctaaccctactcctaatcacataacctattcccccgagceaatctcaattacaatatatacace
aacaaacaatgttcaaccagtaactactactaatcaacgcccataatcatacaaagccccegeaccaataggatcctcecgaatcaaccetgaceectcete
cttcataaattattcagcttcctacactattaaagtttaccacaaccaccaccccatcatactctttcacccacagcaccaatectacctccatcgetaacceca
ctaaaacactcaccaagacctcaacccctgacccecatgectcaggatactectcaatagcecatcgetgtagtatatccaaagacaaccatcattcecccta
aataaattaaaaaaactattaaacccatataacctcccccaaaattcagaataataacacacccgaccacaccgctaacaatcaatactaaacccecataaa
taggagaaggcttagaagaaaaccccacaaaccecattactaaacccacactcaacagaaacaaagcatacatcattattctcgcacggactacaaccac
gaccaatgatatgaaaaaccatcgttgtatttcaactacaagaacaccaatgaccccaatacgcaaaactaaccccctaataaaattaattaaccactcattc
atcgacctccccaccecatccaacatctcegeatgatgaaacttcggcetcactecttggegectgectgatcectccaaatcaccacaggactattcctagee
atgcactactcaccagacgcctcaaccgcecttttcatcaatcgcccacatcactcgagacgtaaattatggctgaatcatcegctaccttcacgccaatgge
gcctcaatattctttatctgectcttectacacatcgggegaggcctatattacggatcatttctctactcagaaacctgaaacatcggceattatectcctgettg
caactatagcaacagccttcataggctatgtcctccegtgaggcecaaatatcattctgaggggecacagtaattacaaacttactatccgecateccatacat
tgggacagacctagttcaatgaatctgaggaggctactcagtagacagtcccaccctcacacgattctttacctttcacttcatcttgeccttcattattgcage
cctagcagcactccacctectattcttgcacgaaacgggatcaaataacccectaggaatcacctcccattccgataaaatcaccttccacccttactacaca
atcaaagacgccctcggcttacttetcttecttctctecttaatgacattaacactattctcaccagacctcctaggegacccagacaattataccctagccaac
cccttaaacaccectceccacatcaageccgaatgatatttcctattcgectacacaattctcegatccgtcectaacaaactaggaggegtecttgecctatt
actatccatcctcatcctagcaataatccecatectccatatatccaaacaacaaagcataatatttcgcccactaagecaatcactttattgactcctageege
agacctcctcattctaacctgaatcggaggacaaccagtaagctacccttttaccatcattggacaagtagcatccgtactatacttcacaacaatcctaatce
taataccaactatctccctaattgaaaacaaaatactcaaatgggectgtecttgtagtataaactaatacaccagtcttgtaaaccggagatgaaaaccttttt
ccaaggacaaatcagagaaaaagtctttaactccaccattagcacccaaagctaagattctaatttaaactattctctgttctttcatggggaageagatttgg
gtaccacccaagtattgactcacccatcaacaaccgctatgtatttcgtacattactgccagecaccatgaatattgtacggtaccataaatacttgaccacct
gtagtacataaaaacccaatccacatcaaaaccecctccccatgcttacaagcaagtacagcaatcaaccttcaactatcacacatcaactgcaactccaa
agccacccctcacccactaggataccaacaaacctacccacccttaacagtacatggtacataatgccatttaccgtacatagcacattacagtcaaatcec
ttctcgtccccatggatgaccecectcagataggggteccttgaccaccatcctecgtgaaatcaatatcccgeacaagagtgctactctectcgcetecggg
cccataacacttgggggtagctaaagtgaactgtatccgacatctggttectacttcagggcecataaagcectaaatageccacacgttceecttaaataaga
catcacgatg
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Letter of approval of present research by the Ethical Review Board of Nepal Health Research
Council.

/‘é‘f”f%s‘sm%’a\ Government of Nepal
H /j\il Nepal Health Research Council (NHRC)
L7515 E#Y

A0

Ref. No.: ZO}Q
02 June 2016

Mr. Rajdip Basnet

Principal Investigator

Central Department of Biotechnology
Tribhuvan University, Kirtipur

Ref: Approval of Research Proposal entitled Genetic Affinity of Newa Population of
Kathmandu Valley

Dear Mr. Basnet,

It is my pleasure to inform you that the above-mentioned proposal submitted on 29 April 2016
(Reg.no. 108/2016 please use this Reg. No. during further correspondence) has been approved by
NHRC Ethical Review Board on 01 June 2016.

As per NHRC rules and regulations, the investigator has to strictly follow the protocol stipulated in the
proposal. Any change in objective(s), problem statement, research question or hypothesis,
methodology, implementation procedure, data management and budget that may be necessary in
course of the implementation of the research proposal can only be made so and implemented after
prior approval from this council. Thus, it is compulsory to submit the detail of such changes intended
or desired with justification prior to actual change in the protocol.

If the researcher requires transfer of the bio samples to other countries, the investigator should apply
to the NHRC for the permission. The researchers will not be allowed to ship any raw/crude human
biomaterial outside the country; only extracted and amplified samples can be taken to labs outside of
Nepal for further study, as per the protocol submitted and approved by the NHRC. The remaining
samples of the lab should be destroyed as per standard operating procedure, the process documented,
and the NHRC informed.

Further, the researchers are directed to strictly abide by the National Ethical Guidelines published by
NHRC during the implementation of their rescarch proposal and submit progress report and full or
summary report upon completion.

As per your research proposal, the total research amount is Self- Funded and accordingly the
processing fee amount to NRs.1000.00. It is acknowledged that the above-mentioned processing fee
has been received at NHRC.

If you have any questions, please contact the Ethical Review M & E section of NHRC.

Thanking you,

Dr. Khem Bahadur Karki
Member-Secretary
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