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TMRCA — time to the most recent common ancestor
UEP — unique event polymorphisms
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INTRODUCTION

Problem statement. The origin of farming and the nature of the Neolithic
agricultural migration as a primary issue in the modern human colonization of the
globe have been a major research focus for scholars of various disciplines. The keen
scientific interest to this issue could be explained by a number of profound changes
that accompanied the transition from hunter-gathering to farming [Renfrew C, 1996;
Diamond J and Bellwood P, 2003; Bellwood P, 2013]. In particular, the adoption of
agriculture drove dramatic human population growth and caused a human dispersal
out of the regions of agricultural origin [Diamond J and Bellwood P, 2003].

The Fertile Crescent, a region of southwest Asia comprising the valleys of the
Tigris, Euphrates and Jordan rivers with their adjacent hilly flanks, is widely
recognized as the cradle of agriculture, where first settled farming communities are
thought to have originated around 10 KYA [Ammerman AJ and Cavalli-Sforza LL,
1984; Riehl S, et al., 2013]. From the region, agriculture spread towards various
destinations within Eurasian continent, including Europe and the Caucasus. In
particular, whether this advancement to Europe was due to the migration of the Near-
Eastern farmers remains the subject of intensive debates. At present, the only
consensus has beed achieved on the complex nature of such a historical event,
considering it as one of the crucial demographic processes in the peopling of Europe
[Diamond J and Bellwood P, 2003; Barbujani G and Chikhi L, 2006; Bellwood P,
2013].

Numerous archaeological, archaeobotanical and linguistic studies have been
conducted to understand the mechanisms and chronology by which the changeover
from foraging to food production had occurred [Ammerman AJ and Cavalli-Sforza
LL, 1971; College S, et al., 2004; Bellwood P, 2013]. With the recent rapid
development of molecular techniques, genetic studies based on both modern and
ancient DNA data have been extensively applied to disentangle such a crucial

question in human population history [Menozzi P, et al., 1978; Cavalli-Sforza LL, et



al., 1994; Sjodin P and Frangois O, 2011]. So far, much uncertainty is associated with
the reconstruction of the routes of migration for the first farmers from the Near East.
In the context of Europe, it has been suggested that the initial farmer dispersal from
the Fertile Crescent reached Anatolia about 8 KYA [Bellwood P, 2013]. Later, along
the Anatolian coast or by maritime routes from the Levant, the agricultural migration
extended to Crete and the mainland Greece (6,5-7 KYA), from where it spread all
over Europe [Bintliff J, 2012; Bellwood P, 2013]. However, these studies did not
consider the populations from the eastern regions of modern Turkey and the South
Caucasus, which roughly correspond to the boundaries of the Armenian Highland.
Moreover, hitherto, the question of where the bifurcation of divergently directed
paths of agricultural movement from the Near East towards Europe and the Caucasus
took place has not been estimated and remains least understood.

In this context, hospitable climatic conditions and the key geographic position of

the Armenian Highland as the central point of connection for various ancient
civilizations, suggest that this region may have served as a conduit for several waves
of expansion of the first agriculturalists from the Near East to Europe and the North
Caucasus [Lang DM, 1980; Dolukhanov P, et al., 2004]. Furthermore, previous
genetic studies on Armenians revealed that during the last several millennia the
population was genetically isolated from external influences [Hellenthal G, et al.,
2014; Haber M, et al., 2015], which justifies considering this indigenous ethnic group
as an appropriate representative of the region for population genetic studies.
Aim and objectives. The main aim of the work is to reveal the role of the Armenian
Highland in the human Neolithic migrations from the Near East towards Europe and
the Caucasus and reconstruct possible migration routes via the region based on
genetic data.

The specific objectives of the work are:

(1) To assess patrilineal genetic structure of populations from the region covering
the possible northward and westward directions of Neolithic migrations from
the Near East.



(2) To identify the Y-chromosomal haplogroups closely associated with the
genetic differentiation of the populations studied.

(3) To determine the distribution pattern of the Y-chromosomal haplogroups,
specific markers of the Neolithic migration, in Armenian and comparative
populations from the Near East, North Caucasus, Anatolia and Europe.

(4) To reveal the genetic makeup of Armenians and other populations of the
region using genome-wide autosomal SNP panel data acquired from modern
and ancient DNA samples.

(5)  To reconstruct the possible waves and directions of Neolithic migrations via
the Armenian Highland based on combined profiles of Y-chromosomal and
genome-wide SNP markers.

Scientific and practical significance of the results. The role of the Armenian

Highland, a region at the crossroads of Europe and the Middle East, in the spread of

Neolithic farmers from the Fertile Crescent was examined using the Y-chromosomal

and genome-wide autosomal markers. Based on the results of analysis of both

uniparentally and biparentally transmitted genetic markers the possible routes and
waves of Neolithic migrations taken place via the Armenian Highland towards

Europe and the North Caucasus were identified.

A new insight into the different itineraries and waves of Neolithic migration of
the first agriculturalists through the Armenian Highland was suggested. The patterns
of the Y-chromosomal structure in spatially different Armenian populations allowed
stating that the Armenian plateau served as a transitional corridor for at least two
distinct pathways of migration for the Neolithic farmers from the Levant westward
and northward. The westward movement took place mainly through the western area
of the Armenian Highland and Anatolia alongside the coastline of the Mediterranean
Sea. The northward migration occurred predominantly across the central and eastern
regions of the Armenian Highland. A distinct Neolithic wave of bidirectional

movement to Europe and the North Caucasus was also identified.



The results of analysis of genome-wide autosomal markers revealed three
ancestral components contributed to the genetic composition of all Armenian
populations — the Near Eastern, Caucasus, and European. The Armenians are the only
ethnic group in the Caucasus that has a substantial portion of the Near Eastern
ancestry. Based on autosomal genome-wide markers modern Armenians occupy an
intermediate position between the populations from the Levant, from one side, and
the ethnic groups from Europe and the Caucasus, from another side. Moreover, this
inference is supported by the analysis of biparentally transmiited markers of Bronze
Age Armenians.

Approbation. Proceedings of the dissertation have been presented at: XIX
International conference of students and young scientists “Lomonosov-2012”,
Moscow, Russia; International Young Scientists Conferences "Perspectives for
Development of Molecular and Cellular Biology-3 and -4", Yerevan, 2012, 2013; the
EMBO International Scientific Conference “Human evolution in the genomic era:
Origins, populations and phenotypes”, Leicester, UK, 2014; “9th ISABS conference
on Forensic and Anthropologic Genetics”, Bol, Croatia, 2015; the meetings of the
Academic Council of the Institute of Molecular Biology NAS RA, 2013, 2014, 2015,
2016.

Publications. The main results of the dissertation are reflected in 5 scientific papers
and 11 abstracts of presentations at local and international scientific conferences.
Structure. The dissertation comprises 106 pages of computer-formatted English text,
including 11 tables and 20 figures, and consists of the following sections:
Introduction, Literature Review, Materials and Methods, Results and Discussion,

Conclusion, Inferences, and References (including 168 sources).



CHAPTER 1. LITERATURE REVIEW

1.1. Geographic, geological and paleoclimatic description of the Armenian
Highland

The Armenian Highland is a landlocked mountainous plateau stretching from the
Eastern Caucasus to Anatolia and from the Black Sea to Mesopotamia. It covers
approximately 400,000 km? and rises to an average elevation of 1,700 m above sea
level. The Armenian Highland is considerably higher than the adjacent Iranian and
Anatolian plateaus, with Mount Ararat (5,137 m) being the highest peak. Currently, it
encompasses the whole territory of present-day Armenia, southern Georgia, western
Azerbaijan, northwestern Iran and eastern Turkey. In ancient times, the Armenian
Highland almost entirely corresponded to the lands of historical Armenia, which
extended approximately 375,000 km?.

The geological structure of the Armenian Highland is complex, with a long and
varied geological history spanning the pre-Cambrian to the Quaternary epoch [Lang
DM, 1980]. Formerly, more than 25 million years ago, the land of present-day
Armenia was entirely covered by oceanic waters, receding in the Upper Tertiary
period as a result of uplifts of the earth’s crust. These crustal rises have subsequently
led to the formation of extensive mountain ranges in the region, with most of the
landscape shaped during the Upper Pleistocene [Lang DM, 1980; Gasparyan B,
2010]. Lying on the Anatolian fault, the Armenian plateau is located on a seismic
hazard zone, with one active and several dormant volcanic peaks throughout the
highland. Volcanism has served as a specific palaeogeographic factor in the
formation of the natural environment. Plio-Pleistocene volcanic activity has led to the
appearance of volcanic massifs (e.g., Ararat and Aragats), mountainous plateaus (e.qg.,
Gegham, Vardenis, Javakhetian), and lakes, currently preserved as highland plains or
intermountain depressions (e.g., the Lori, Ararat and Shirak depressions) [Gasparyan
B, 2010]. Volcanic tufa stone, obsidian, basalt, granite, limestone and quartz are the
main natural materials of the region, having been exploited for the lithic industry
from the Acheulian to the Iron Age [JIto6un B u Bensesa E, 2006]. There are also
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substantial reserves of other minerals in the terrain, including copper, iron, zinc,
molybdenum, lead, platinum, silver, and gold. The oceanic origins of the region
resulted in the deposition of sedimentary rocks necessary for industry and farming,
such as clays, gypsum, lime and dolomite [Lang DM, 1980].

The Armenian Highland has given rise to numerous rivers, namely the
Euphrates, Tigris, Yeraskh, Halis, Gaylget, Kur, and Chorokh. Therefore, in the
second millennium BC, the territory of the plateau was called Nairi by ancient
Assyrians, which meant “country, or land, of rivers”. Likewise, there are a number of
notable lakes in the highland, the largest of which are VVan, Urmia and Sevan.

Paleoclimatic reconstructions indicate that from the remote past, substantial
climate oscillations took place in the territory of the Armenian Highland [Ollivier V,
et al., 2010; Gasparyan B, 2010]. During the Late Sarmat (11,2-9,3 million years ago)
the region was marked by subtropical landscapes and a typical Mediterranean
climate, with hot, arid summers and cool, humid winters. The Pliocene and Early
Pleistocene epochs had frequent cyclical changes in landscape and climatic
conditions. In arid periods, steppe-like vegetation appeared in the region, while in
periods of humidification, forest-steppe and forest zones were prevalent. On the
whole, the recorded Pleistocene climate of the Armenian Highland consisted of
repeated significant cooling and warming, coinciding with global glacial and
interglacial cycles [Casasu FO, 2009]. Currently, the region has enormous climatic
variety and diverse ecological niches, largely dependent upon elevation. In most parts
of the region, climate is markedly continental, with sufficiently hot summers and cold
winters. In spite of severe winter temperatures, the plateau’s fertile volcanic soil, rich
in useful minerals, is suitable for farming. Thereby, the Armenian Highland has been
prominent for the cultivation of fruit, vegetables and cereals. Furthermore, the
climatic variance has resulted in copious diversity of floral and faunal species. The
richest palaeofloristic and palaeofaunistic remains were found in the basin of the

Vorotan River, south-east Armenia [Ollivier V, et al., 2010]. Besides, horses, swine,



sheep, goats, cattle, donkeys, and different types of birds have been bred in the region
from the remote past [Lang DM, 1980].

1.2. Paleoanthropological evidence of ancient dwellings on the Armenian

Highland

The peculiar geographic location of the Armenian Highland has generated a
great amount of scientific interest in studying the plateau for its links to the dispersal
of ancient Middle Eastern populations, the Indo-European languages, and the first
farmers from the Fertile Crescent [Weale ME, et al., 2001; I'amkpemunze T u MiBanoB
B, 1984; Renfrew C, 1990].

Archaeological researches, through the stratigraphic analysis of ancient
dwellings, indicate an extensive human presence in the territory of the Armenian
Highland during the first half of the Quaternary [[Tanuukuna M, 1950]. The earliest
evidence of hominid radiation out of Africa was discovered in the Georgian site of
Dmanisi, located in the northern part of the Armenian Highland [Gabunia L, et al.,
2001; Presnyakov SL, et al., 2012]. The stone tools excavated from the site were
attributed to the Oldowan industry, dated to 1,8 million years ago [de Lumley H, et
al., 2002]. Since the Pliocene, savannas with plenty of water reservoirs prevailed
upon the territory of the Armenian Highland, which could have first attracted the
early human migrants [JIrooun B, 1989]. It has been suggested that the advancement
of early humans from the Near East occurred via the Armenian Highland at the time
of the appearance of the Dmanisi site, when the climate and abundant natural
resources in the region were favorable for Paleolithic human settlement [JIroOun B u
bensesa E, 2010]. Paleolithic artifacts in the territory of present-day Armenia were
first discovered by the French explorer Jacques de Morgan in 1909. He uncovered
stone tools on the western slope of Mount Aragats, dated to the Late Paleolithic
period [de Morgan JJM, 1918]. A lot of archaeological sites were found in the Ararat
valley (Satani-Dar, Arzni, Erevan-I, etc.), in Karabakh (Azokh, Tagavard, etc.), and
in the Lori plateau (Metsavan-3, Privolnoye-1) [Casasa FO, 2009]. Without taking
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into consideration the habitable gaps between glaciations, it was claimed that the
Armenian and Iranian plateaus were unoccupied by human beings and covered with
thick sheets of ice until the Mesolithic or Early Neolithic periods [de Morgan JJM,
1918]. However, changing climatic conditions of inter-glacial periods were most
likely conducive to human settlement [Ghukasyan R, et al., 2010]. Subsequently, a
number of Acheulean, Mousterian and Post-Palaeolithic deposits were found across
the Armenian Highland [[Taruukuna M, 1950; Capnapsu C, 1954; Jlro6un B, 1989;
Epunsnu B, 1975; King T, et al., 2003; Pinhasi R, et al., 2008]. During the excavations
in Azokh Cave, located in the Karabakh region, hominid remains identified as H.
heidelbergensis, stone tools and deposits rich in fauna were also uncovered
[Fernandez-Jalvo Y, et al., 2010].

Until recently, it was thought that the Early Paleolithic was solely represented in
the territory of present-day Armenia by surface finds of Late Acheulean obsidian
tools [bensesa E u Jlrooun B, 2012]. However, from 2003, the Armenian-Russian
archaeological expedition collected numerous Early Acheulean artifacts in the Lori
district of northern Armenia [Acnansu C, u gp., 2007; JIrooun B u bensesa E, 2010].
These discoveries indicate the significance of the Armenian Highland in relation to
early human dispersals from Africa towards the Eurasian landmass [Dolukhanov P, et
al.,, 2004; King T, et al., 2003; Gasparian B, et al., 2010]. Nevertheless, few
paleoanthropological fossils have been excavated from the plateau [King T, et al.,
2003].

Despite the presence of archaeological records of human activity in the territory
of the Armenian Highland dating to the Paleolithic, the severe climatic fluctuations
during the Last Glacial Maxium (LGM) probably resulted in the lack of continuous
habitation [Dolukhanov P, et al., 2004]. This glaciation began at least 26 KYA
[Akgar N, et al., 2007] and has led to significant changes in species’ diversity, not
only in the Highland but throughout the globe. Due to the subsequent glaciations, the
understanding of past climatic variations is especially complicated in mountainous

regions [Ehlers J, et al., 2011]. However, the recent research in the Lesser Caucasus
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has shown that the glaciers, in general, were restricted to the highest massifs,
especially in the eastern ranges (2,500-2,600 m) [Gobejishvili R, et al., 2011].
Archaeological, phylogeographic and paleoecological studies indicate that there were
some climatically favorable geographic regions, described as refugia, where species
have contracted and persisted during glaciations [Stewart JR, et al., 2010]. It has been
revealed that these Quaternary refuge areas played significant role in driving the
evolution of refugial human populations [Stewart JR and Stringer CB, 2012].

As ice receded and the climate became steadily milder, people expanded into un-
inhabited terrain, resulting in the prerequisites for human population growth [Hewitt
GM, 1996]. The current distribution of humans in the northern regions is believed to
reflect the post-glacial recolonization from refugial zones at the end of the LGM,
dating to approximately 11,5 KYA [Hewitt GM, 2001; Pala M, et al., 2012]. The
favorable climatic conditions for the growth of numerous species of wild plants, the
variety of fauna, the diversity of landscapes, the richness of soil fertility and abundant
water supply indicate that the Armenian Highland was one of the most suitable zones
for permanent human dwellings during the postglacial period [Tarasov PE, et al.,
2000; Dolukhanov P, et al., 2004].

1.3. Archaeological evidence on human Neolithic migrations from the Near East

A large-scale transition from hunter-gathering to farming, known as the
Neolithic Revolution, is broadly recognized as one of the crucial demographic events
in human prehistory [Ammerman AJ and Cavalli-Sforza LL, 1971; Diamond J and
Bellwood P, 2003; Bellwood P and Oxenham M, 2008]. It is considered that the
advent of the Neolithic lifestyle, which is characterized by the dominance of
settlement sedentism and the domestication of wild animals and plants, led to obvious
advantages of farmers over hunter-gatherers and, in particular, drove dramatic human
population growth and dispersal [Renfrew C, 1996; Diamond J and Bellwood P,
2003; Bellwood P, 2013]. Furthermore, the adoption of farming during Holocene is
widely assumed to have resulted to series of social, economic, and political changes,
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including the reorganization of the processes of human social interactions, permanent
aggregation of people into large villages, spread of language families, new material
cultures and food-producing economies [Renfrew C, 1990; Bellwood P, 2013]. In
general, the agricultural innovation eventually led to three major advantages of
farming over hunter-gathering [Diamond J and Bellwood P, 2003]. First, in
comparison with hunter-gathering, farming let people have a far higher food
production output and a steady food supply all year long, thereby supporting denser
population. Second, larger sedentary lifestyle and, in turn, potential ability to store
food surpluses served as preconditions for technological progress, stratified society,
development of centralized states and professional armies [Diamond J and Bellwood
P, 2003, Brown TA, et al., 2009]. A third superiority of agricultural society was
acquisition of some immunity to epidemic infection diseases, a problem closely
related to increased population density, unsanitary practices and shifting of domestic
animal diseases to man [Armelagos GR, et al., 1996; Diamond J and Bellwood P,
2003]. In contrast, unexposed hunter-gatherers did not have any resistance to these
diseases that promoted their replacement by early farmers during agricultural
expansion.

As such a key episode, the origin of farming and an understanding the
mechanisms and conditions by which the changeover from foraging to food
production occurred have been a major research focus for archaeologists,
anthropologists, linguists and human population geneticists [Ammerman AJ and
Cavalli-Sforza LL, 1971; College S, et al., 2004; Bellwood P, 2013]. However, the
nature and chronology of this important transition in various parts of the world
remain controversial and least understood.

Archaeological researches have uncovered the independent emergence of
agricultural homelands in many parts of the world at different subsequent times,
initially ranging between approximately 10 and 5 KYA [Diamond J and Bellwood P,
2003; Bellwood P and Oxenham M, 2008]. The regions of agricultural origin include
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the Middle East, central China, West Africa, New Guinea highlands, Mesoamerica,
central Andes, and the eastern woodlands of the USA (Fig. 1.1).
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Figure 1.1. Archaelogical map of regions of agricultural origin with approximate
radiocarbon dates. (From Bellwood P and Oxenham M, 2008).

In terms of chronology, the Fertile Crescent, the region in the Middle East,
spanning the Zagros Mountains of Iran and Southern Mesopotamia northward to
Southeast Anatolia, is widely recognized as the earliest farming center where
agriculture is known to have originated, dating to around 10 KYA [Ammerman AJ
and Cavalli-Sforza LL, 1984; Riehl S, et al., 2013]. The Mediterranean climate,
coupled with fertile soils and the diversity of geographic altitudes, may have been
preferable for the development of agriculture among hunter-gatherers in the region. It
has been assumed that the Fertile Crescent is the domestication centre for three
cereals, two pulses, flax, bitter vetch, chickpea, sheep, goats, pigs and taurine cattle
[Brown TA, et al, 2009; Bellwood P, 2013]. Finds of large quantities
of bioarchaeological remains as phenotypically wild progenitors of domesticated
species have pointed to the multiregional nature of the emergence of agriculture in
the wide area of the Fertile Crescent [Tanno KI and Willcox G, 2012]. Recent

identification of pre-domestication cultivation and morphologically domestic cereals
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demonstrated the important contribution of the eastern region of the Fertile Crescent
to the management of wild plants [Riehl S, et al., 2013]. From this region, human
populations, with their cultural resources and languages, migrated towards various
destinations, including Europe, currently the most thoroughly investigated region by
archaeologists and geneticists [Bellwood P, 2013; Barbujani G and Chikhi L, 2006].
According to archaeological sources, Europe was first occupied by anatomically
modern humans (AMH) in Paleolithic approximately 40 KYA [Otte M, 2000] and
underwent a re-expansion out of southern refugia after the end of the Last Glacial
Maximum (LGM) (starting from approximately 16 KYA). The number, location, and
distribution of these refugial regions remain still uncertain; however, some authors
claim that Palaeolithic hunter-gatherers have survived in the lberian, Italian and
Balkan peninsulas, in the territory of present-day Ukraine, and in regions directly
towards the East [Oppenheimer S, 2006; Stewart JR and Stringer CB, 2012].
Moreover, recent study considered the parts of the Near East, such as the Levant and
coastal southern Turkey, as potential refugias for post-LGM expansion that has been
underestimated in previous works [Pala M, et al., 2012]. Thus, Mesolithic gene flow
was caused by migration from several centers and, as a result, did not lead to the
continent-wide genetic clines. On the contrast, Neolithic spread of farming, starting
to about 10 KYA, have had profound effects on the genetic diversity of Europeans
and, consequently, traditionally considered as a major demographic process in the
region [Diamond J and Bellwood P, 2003; Bellwood P and Oxenham M, 2008]. It has
been suggested that the initial farmer spread from the Fertile Crescent reached
Anatolia during Pre-Pottery Neolithic B (PPNB), about 8 KYA [Bellwood P, 2013].
From Anatolian coast or by sea from the Levant, the agricultural migration extended
to Crete and, later, the mainland Greece. The earliest archaeological records for
agricultural economy in South-Eastern Europe were the findings of a fully-fledged
farming communities at Knossos on the island of Crete (7 KYA) and dated slightly
later ones in the Northwestern Peloponnese of mainland Greece (6,5 KYA) [Bintliff

J, 2012] . The Balkans and northern Europe were occupied from Anatolia since 6,2
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KYA and, eventually, the Fertile Crescent food production complex reached Britain
and southern Scandinavia about 4 KYA [Bellwood P, 2013]. Additionally, in the
context of crucial demographic events for Europe, the Bronze age, a period that lasted
roughly three thousand years (3,000-1,000 BC), was a highly dynamic period
involving a large-scale migration of populations from the east [Allentoft ME, et al.,
2015]. To summarize, each of these chronological episodes (depicted in Fig. 1.2) in
prehistory of Europe left its genetic legacy that remains as a sedimentary layer in the

genetic makeup of present-day Europeans [Soares P, et al., 2010].
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Figure 1.2. Scheme of the main migration events documented in the archaeological

record of Europe. (From Barbujani G and Bertorelle G, 2001).

Profound changes in European continent supposed to have occurred during the Paleolithic first
colonization (green arrows), Mesolithic reexpansions (the approximate location of glacial refugia
are represented by red circles), and during the Neolithic demic diffusion (blue arrows). Numbers are
approximate dates, in years before the present.

The Neolithic peopling of Europe and the mechanism of agricultural dispersal
have become the subjects of intensive debates. There still are major disagreements
among archaeologists and geneticists on the nature of the agricultural transition

happened in this region, and on how archaeological and genetic data should be
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interpreted [Diamond J and Bellwood P, 2003; Chikhi L et al., 2002; Richards M, et
al., 2000]. As a first approximation, two opposing scenarios have been proposed to
account for the spread of farming in Europe: the Demic Diffusion model (DDM) and
the Cultural Diffusion model (CDM). According to the DDM, spread of agriculture
was due to the migration of Near-Eastern farmers determining a substantial gene flow
into the indigenous populations [Ammerman AJ and Cavalli-Sforza LL, 1984,
Menozzi P, et al.,, 1978]. The contrasting, CDM suggests that the farming
technologies and ideas were transmitted to existing hunter-gatherers, without
significant population movement and major genetic changes [Zvelebil M and
Zvelebil KV, 1988; Haak W, et al., 2005]. In this context, the ‘wave of advance’
model was proposed by Ammerman and Cavalli-Sforza in 1971 to emphasize the role
of demic diffusion in the spread of agriculture in Europe. According to this model,
local population growth and migratory activity have led to the relatively gradual
process of demographic expansion of farmers outwards in all directions [Ammerman
AJ and Cavalli-Sforza LL, 1971]. In order to assess the average rate at which farming
spread, the authors selected the radiocarbon dates from 53 available Neolithic sites,
representatives of the early farming in different regions of Europe, and used
regression techniques. Four archaeological sites located in the Near East were taken
as possible centers of agriculture and fifth center was considered as the center of
gravity of their four sites. Further, the great-circle distance from each of European
sites to the Near Eastern centers was calculated. The reported average diffusion rate
for all probable centers of agriculture was about one kilometer per year, which
sounds fairly plausible in the context of the agricultural development considering that
the correlation coefficient between geographic distances and radiocarbon ages was
high (R>0.8). However, authors stressed that, in principle, the observed rate could
represents the consequence of cultural or demic diffusion - or even some combination
of the two processes. Moreover, average speed of agricultural diffusion estimated by
Pinhasi et al is in the range of 0,6-1,3 km/y (R>0.8) [Pinhasi R, et al., 2005], which is

in agreement with previously obtained value by Ammerman and Cavalli-Sforza

17



(1971). Further, population dynamic models of the process of Neolithisation in
Europe aimed to reveal the role of major waterways and coastlines in the advance of
farming from the Near East [Davison K, et al., 2006]. It was shown that sea vessels of
that time were well-developed for travel at least 10 km off the coast. Recent study
based on the computations of speed map using dates of 918 Early Neolithic
archaeological sites in Europe and Near East suggested that the Neolithic transition
had cultural nature in Northern Europe, the Alpine region and west of the Black Sea,
while the demic diffusion took place in other regions, in particular, the Balkans and
Central Europe [Fort J, 2015].

Neolithic migrations from the Near East took place to different directions,
including that to the Caucasus, a geographic region between the Caspian and Black
Seas. The area is characterized with notable cultural and linguistic diversity, and is
considered to be crucial for understanding human ancient migration and genetic
diversity of Eurasia [Yunusbayev B, et al., 2012]. The Caucasus has always been
characterized by a rich diversity of flora and fauna, which could attract ancient
humans for constant habitation. From the remote past, the Caucasus Mountains have
been a conduit between the Near East and east European plains, in particular, serving
as a transition bridge for migration of Near Eastern agricultural farmers towards the
north and northeast [Zohary D, et al., 2012]. Archaeological data revealed that initial
expansion of AMH into the region was since Early Upper Paleolithic, at least 42,000
years ago [Adler DS, et al., 2008; Adler DS, et al., 2014]. Further glaciations has led
to the uninhabitable condition on the most part of the Caucasus region and its re-
population after ice sheet melting [Tarasov PE, et al., 2000]. The continuous human
occupation of the area is confirmed by numerous archaeological sites since about 10
KYA. Settlement sites are encountered in the North Caucasus and in the West
Transcaucasia primarily in caves and rock shelters. At the time of Neolithic, the
Caucasus was characterized by a transition from relatively cool climate to a warmer
one with increased humidity [Kiguradze T, 2001]. Fewer Neolithic sites are found on

the territory of the Northern Caucasus, while the majority of aceramic and ceramic
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sites are situated in western parts of Georgia. One of the earliest Neolithic sites
outside of the Near East was discovered at Chokh in the eastern part of Daghestan,
dating to approximately 8,000 BC. [l"amxkues M, u mp., 1996]. It was suggested that
in parallel with the development of agriculture and animal husbandry, the rapid
growth of population in the Neolithic Caucasus had occurred [Kiguradze T, 2001]. In
particular, in western parts of Georgia a number of ancient sites of several hectares
are found, which probably indicates to habitation of several kin groups together. In
the context of the peopling by early farmers, it is logical to suggest that the
population of the Caucasus came to this region from the South, via the central and
eastern parts of the Armenian Highland, as it is adjacent to the Fertile Crescent where

the earliest domesticated plants and animals are found.

1.4. Linguistic data associated with the Near Eastern first migrants

The question of the Neolithic dispersal became intertwined with that of the
spread of the Indo-European languages, as it was proposed by Renfrew that the
Proto-Indo-European language advanced through the continent with early farmers
who entered southeastern Europe from Asia Minor about 7,000 BC [Renfrew C,
1990]. In agreement with Anatolian homeland, the reconstruction of Proto-Indo-
European vocabulary reveals that it was typical vocabulary for food-producing
society [['amkpenmuaze T u HWBanoB B, 1984]. Moreover, both language-tree
divergence times and inferred root location support the Anatolian theory of Indo-
European origin indicating that the initial Indo-European divergence had taken place
of between 8,000 and 9,800 years ago [Bouckaert R, et al., 2012]. Specifically, the
establishment of Indo-European languages in the European continent was thought to
be associated with the migrations of first farmers from the neighboring regions of the
Armenian Highland [Tamkpenumze T u WMBanos B, 1984; Renfrew C, 1990]. This
hypothesis was based on the fact that Armenian, an old independent branch within
the Indo-European language group, has similarities to the ancestral Proto-Indo-

European languages. Furthermore, the Indo-European speaking populations of
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Europe have close linguistic relationships with Armenian ethnic groups.
Alternatively, it was suggested that Armenian language originated during the Bronze
Age, when Indo-European speaking tribes from the Balkans and Greece migrated
towards Anatolia and Transcaucasia and spread their culture and language [Greppin
JA, et al., 1991]. However, genetic surveys of Armenian paternal gene pool pointed
to the scarce presence of Y chromosomal lineages frequently encountered in the
Balkan region [Herrera KJ, et al., 2012; Hovhannisyan A, et al., 2014]. Futher genetic
studies with the application of maternal and genome-wide autosomal markers could
disentangle this long-standing question.

An alternative theory on the ethnogenesis of Indo-European languages claims
that they were spread by Kurgan horsemen from the Pontic steppe region north of the
Caspian Sea about 6 KYA [Gimbutas M, 1970]. It was shown that words for
supposed Kurgan technological innovations are relatively consistent across widely
divergent Indo-European sub-families. Moreover, Kurgan hypothesis finds a strong
support with the recent genetic survey suggested that the spread of the Indo-European
languages was accompanied with the Bronze Age migration of Yamnaya people from
the Eurasian Steppe [Haak W, et al., 2015].

In general, the two main competing theories of Indo-European homeland face
severe difficulties. Linguistic argument for the Kurgan hypothesis is based on only
limited evidence for a few Proto-Indo-European word forms [Renfrew C, 1990].
Furthermore, it is hard to understand how nomadic pastoralists could have imposed
their language on so much of Europe west of the steppe region [Diamond J and
Bellwood P, 2003]. The ‘Anatolian farming’ hypotheses has become less plausible in
the light of the recent genetic evidence and archaeological criticism [Zvelebil M and
Zvelebil KV, 1988; Haak W, et al., 2015]. Thus, over the past centuries, the question
of how Indo-European languages had spread is very controversial to be exactly

resolved and there is no general consensus on this matter till now.
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1.5. Archaeological and archaeobotanical evidence on Neolithic farming spread
through the Armenian Highland

Located at the crossroads of Europe and the Middle East, the Armenian
Highland was a conduit for major waves of prehistoric and historic migrations
[Dolukhanov P, et al., 2004], as well as a cradle for various ancient civilizations
[Lang DM, 1980]. Over the centuries the plateau linked major trade ways from the
Ancient Near Eastern, Iranian, Greek and Eurasian worlds, thus having the great
strategic significance [Redgate AE and Redgate AE, 1998; Lang DM, 1980]. The
unique geographic location of the plateau has garnered a great deal of scientific
interest as a potential link between eastern and western Eurasian populations.
Moreover, the variable climatic diversity and proximity to the Fertile Crescent likely
contributed to the post-Last Glacial Maximum (LGM) Neolithic resettlements of the
Armenian plateau, particularly by the first farmers from the Near East [Dolukhanov
P, et al., 2004; Basunos H, 1960; Herrera KJ, et al., 2012].

As early as in 1926, A. Potapov excavated Neolithic tools near Vagharshapat
[[Tuotporckuit b, 1949]. Later, dozens of artifacts related to agriculture and animal
husbandry were discovered from the territory of the Armenian Highland, being
consistent with the previous suggestion of post LGM resettlement within the region
[Kushnareva KK, 1997]. According to the current data, agricultural techniques on the
plateau have been well-developed and practiced from prehistoric times [Gandilyan
PA, 1998; Oscensin P u Oscensia 17, 2009]. Stone, wooden digging tools and hoes
were in use for tilling the soil, while for the cultivation of harvest early farmers in
Armenia applied saddle querns and pestles [Lang DM, 1980]. Furthermore, there is a
written evidence of the flourishing agricultural industry in the Armenian Highland
[Gandilyan PA, 1998]. In particular, based on what he had seen in the Kingdom of
Van, ancient manuscripts attest the favorable impression made on the Assyrian king,
Sargon Il, regarding the agricultural industry and specifically the abundance of wheat
and barley in the plateau [Wright EM, 1943].
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Archaeobotanic data provide an opportunity to directly reveal the origin and
development of farming in the region. The first investigation of plant remains in the
territory of the Armenian Highland was carried out by Tamamshyan in 1935. The
presence of emmer wheat remnants was found during exploration in the archaeologi-
cal site of ancient VVagharshapat [Tamammssa M, 1935]. Since then, many scientists
have investigated archaeobotanical materials from the Armenian Highland [I'yixausu
B, 1966; JIucunpHa I' u [Ipumenenko JI, 1977; Gandilyan PA, 1998; Oscensin P u
Ogcemnsa I', 2009]. Owing to the wide presence of wild and cultivated grains, as well
as the carbonized remains of cereals in many Neolithic sites, Armenia and Georgia
are suggested as being among the original homelands of a number of cereal plants
[Cole SM, 1970]. Archaeological finds from the sites of Artashen and Aknashen,
located in the Ararat valley, represent the earliest known evidence for Late Neolithic
farmers’ economy in present-day Armenia [Hovsepyan R and Willcox G, 2008;
Ogcensia P, 2011]. The study of charred remains and chaff impressions in mudbrick
from the two sites identified naked and hulled barley, possibly naked wheat, emmer,
small-seeded lentils, pulses, bitter vetch and pips of wild vine [Hovsepyan R and
Willcox G, 2008]. Almost the same plant samples were excavated from many
Neolithic sites of the Caucasus and the Near East, the only difference being that both
naked barley and wheat are rare finds in the Near East [JIucurpina I' u [Ipumenenko
JI, 1977; Brown TA, et al., 2009; Zohary D, et al., 2012]. The discovery of high
quantities of Alyssum and Camelina, two uncommon cruciferous species for this
agricultural period, has led to the assumption that these plants may have served as oil
sources [Hovsepyan R and Willcox G, 2008]. In total, about 25 cultivated cereals,
pulses and oil-producing plants were found during excavations of prehistoric sites in
the region [Oscensit P u Oscensin I7, 2009]. In addition to the plant remains, many
crop processing artifacts were found at the sites of Artashen and Aknashen. The
world’s earliest known ancient winery was found in Armenia, in the “Areni-1" cave
in Vayots Dzor, dated to about 6,000 years ago [Barnard H, et al., 2011].

Archaeologists revealed a wine press, fermentation jars and wine-soaked pottery
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shards at this site. This discovery, combined with finds of carbonized or petrified
grape-pips, led to the proposition that the region was among the earliest centers for
viticulture and winemaking [Lang DM, 1980]. On the basis of archaeological surveys
of ancient settlements in Armenia, the following dating schemes have been suggested
to distinguish the major periods in the development of agriculture in the region:
Neolithic (sites of Artashen, Aknashen, 6-5 KYA); Chalcolithic (sites of Teghut,
Areni-1, Godedzor, 5-4 KYA); Bronze age and the beginning of the Iron Age (sites of
Gekharot, Aparan-lll, Tsaghkasar, VVoskevaz, Mokhlablur, Lorut, Aygevan, Elar,
Shengavit, NerkinNaver, Agavnatun, Shagat-l, Aragaciberd, Tsaghkahovit, Orom,
Hnaberd, Uyc, Teishebaini, Jujevan, Metsamor, Yenokavan-1l, Dvin, 4-1 KYA); and
the development of agriculture associated with the Kingdom of Van (sites of Aramus,
Argishtikhinili, Orom, Karmir Blur, Shagat-11l1, Tagavoranist, Sev-sevqareri blur,
Tsaghkahovit, Shagat-1, 9-6 centuries BC, 9-6 centuries BC) [Oscensn P, 2011].
Thus, archaeological and archaeobotanical artifacts have indicated that
agriculture was adopted in Armenia around 6,5 KYA. Although the area within the
Armenian Highland is currently being studied by archaeologists, as yet there is a lack
of convincing data to enable to describe the generalized pattern of Neolithic
migrations through this region. However, it is possible to bridge this gap by applying

the genetic study of populations indigenous to this geographic area.

1.6. Genetic evidence on the Neolithic migration from the Near East

Since the advance of highly sensitive genetic markers and the development of
molecular techniques, genetics studies have been extensively applied to disentangle
long-standing questions in population genetics, archeology and anthropology
[Menozzi P, et al., 1978; Cavalli-Sforza LL, et al., 1994; Sjodin P and Francgois O,
2011]. Furthermore, in the last two decades, the most powerful tools to reconstruct
past demographic events have become the methods of molecular population genetics
based both on modern [Rootsi S, et al., 2012; Karmin M, et al., 2015] and ancient
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(aDNA) data [Brandt G, et al., 2013; Lazaridis I, et al., 2014; Mathieson I, et al.,
2015; Allentoft ME, et al., 2015].

Due to the patchiness and paucity of the archaeological record, the majority of
recent studies on the nature of the spread of agriculture from the Fertile Crescent are
based on biological (genetic and phenotypic) data analysis [Menozzi P, et al., 1978;
Cavalli-Sforza LL, et al., 1994; Dupanloup I, et al., 2004; Sjodin P and Frangois O,
2011]. Under the demic diffusion model [Ammerman AJ and Cavalli-Sforza LL,
1984; Menozzi P, et al., 1978; Chikhi L, et al., 2002], the extant genetic diversity of
modern Europeans would have resulted mainly from the genetic pool of the Near
Eastern Neolithic farmers, while conversely, the cultural diffusion model asserts that
European lineages would have been expected to have descended from indigenous
hunter-gatherers [Zvelebil M and Zvelebil K, 1988; Haak W, et al., 2005; Morelli L,
et al., 2010]. In general, genetic studies based on different nuclear, mitochondrial, Y-
chromosomal markers, and ancient DNA analysis differ considerably in their
evaluation of the contribution of Paleolithic hunter-gatherers and Neolithic farmers to
the composition of the modern European gene pool [Pinhasi R, et al., 2005;
Fernandez E, et al, 2014]. Overall, previous studies highlight the entanglement and
complexity of such historical events as farming dispersal and, ultimately, the
peopling of Europe. The intricacies of these migratory events with varying patterns of
cultural and demographic diffusion in different regions require the development of
relevant models reflecting the process of Neolithic dispersal throughout Eurasia
[Barbujani G and Chikhi L, 2006].

The majority of early genetic studies aimed to reveal the genetic makeup of
present-day European and Near Eastern populations based on the analysis of classical
genetic markers, namely, blood groups, allozymes and histocompatibility alleles. The
first principal components analysis (PCA) based on 39 classical genetic markers
revealed a spatial frequency cline from the south-east to the north-west of Europe,

which was interpreted as the signature of the demic diffusion model [Menozzi P., et
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al., 1978]. The results of this work were further confirmed by Cavalli-Sforza and
collaborators using over 130 genetic markers [Cavalli-Sforza LL, et al., 1994].

Although maternally inherited mitochondrial DNA and paternally inherited non-
recombining region of the Y chromosome (NRY) capture only a narrow spectrum of
human genetic pool, these haploid systems have been widely used over the past
decade for the reconstruction of human demographic history since the out-of-Africa
migration [Cavalli-Sforza LL and Feldman MW, 2003]. Furthermore, significant
disagreements between the mitochondrial DNA (mtDNA) and NRY distribution
patterns indicate the possibility that the demographic histories of females and males
were different. For instance, patrilocality practices in early farmers lead to major
differences in terms of genetic diversity within and between populations when
comparing mtDNA and NRY data [Rasteiro R, et al.2012].

Maternal inheritance, high copy number per cell, apparent lack of recombination
and high substitution rate are the features of mtDNA which have offered the
opportunity to explore female-specific aspects of the demographic history of human
populations. The patterns of mitochondrial variation has been used to elucidate the
processes of ancient human colonization of the OIld World, whereas regional
differences in variance allow addressing questions of a more recent time scale
[Kivisild T, 2015]. In the context of the agricultural migration, mitochondrial DNA
(mtDNA) analyses mainly support the CDM [Richards M, et al., 2000; Richards M,
et al.,, 2002], however some critics suggest that it actually indicates the DDM
[Barbujani G and Chikhi L, 2006]. A principal component analysis of mitochondrial
hypervariable segment | (HVS-I) typing data revealed insignificant east-west gradient
that accounted for 23% of the variation [Cavalli-Sforza LL and Minch E, 1997]. It
was proposed that the values of the time to the most recent common ancestor
(TMRCA) reflect a Paleolithic origin of European maternal genetic pool, and the
Neolithic input of farmers to the European mtDNA lineage is within 20% [Richards
M, et al., 2000;Torroni A, et al., 2001]. Moreover, Richards et al suggested that the
current mtDNA picture of Europe has resulted from multiple diffusion waves in the
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Upper Paleolithic, and the phenomenon, known as the founder effect or bottleneck,
has led to reduced preexisting diversity during the Last Glacial Maximum [Richards
M, et al., 2000]. The analysis of more than 2,600 sequences of the first hypervariable
mitochondrial control region for the samples from Europe, the Near East, and the
Caucasus have identified homogeneous pattern of European specimens, with the only
clinal differentiation in the region of the Mediterranean Sea [Simoni L, et al., 2000].
Based on the results of these studies, it was further suggested that selection process
may had significant influence on the mtDNA to be a suitable demographic marker
system, or that female gene flow had been extremely high within Europe [Barbujani
G and Chikhi L, 2006]. However, the more detailed analysis with sufficiently large
sample size and various subclades of mtDNA indicated significant geographical
gradients that are similar to those ones based on Y-chromosomal markers and
classical genetic systems [Richards M, et al., 2002]. Recent advent of complete
mitochondrial DNA sequence data stepped over to a new stage of human
evolutionary studies. Currently, even limited complete mtDNA sequences allow
identifying the critical polymorphisms that define subclades within each particular
mitochondrial haplogroups. To test whether the presence of signals of population
expansion in present-day mitochondrial gene pool is detectable, a large dataset of
1.151 complete mtDNAs from modern Europeans were used in more recent study [Fu
Q, et al., 2012]. The analysis of mtDNA haplogroup distribution patterns revealed the
association of the haplogroup H with hunter-gatherers that adopted farming practices
and admixed with immigrant farming populations. Worth to note previous high-
resolution genetic survey where it was revealed that the haplogroup H, which is
characterized by an extremely wide geographic distribution in Europe and a very high
frequency in most of its range, entered Europe from the Near East around 20,000—
25,000 years ago, at the time of the Last Glacial Maximum, and some of its subclades
further re-expanded from an Iberian refugia when the glaciers retreated 15,000 years
ago and conditions for habitation became more favorable [Pereira L, et al., 2005].

However, on the contrast, another high resolution survey of the haplogroup H with
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the inclusion of datasets from the Caucasus, the Near and Middle East — regions
where most of European genetic lineages, including mtDNA haplogroup H, have
likely originated — indicated the limited post-LGM maternal gene flow between
Europe on the one hand, and Near East and South Caucasus, on the another hand
[Roostalu U, et al., 2007]. Moreover, it was additionally suggested that mitochondrial
gene pool of the populations of the North Caucasus has received an influx of
haplogroup H variants from the Ponto-Caspian/East European region. It is obvious
that the question on the emergence of the haplogroup H in Europe still is
controversial. Meanwhile, the haplogroup U was found to be typical for early farmers
and represents the evidence of a population expansion related to the spread of animal
husbandry and agricultural practices [Fu Q, et al., 2012]. On the contrast to the
majority of previous mtDNA studies, the results of the analysis conducted by Fu et al.
suggested the Neolithic expansion into Europe and pointed to the spread of
agricultural techniques to Europe with parallel migration of early farmers followed by
the eventual assimilation of resident hunter-gatherers. Overall, it was shown that in
the case of only limited ancient genetic data, studying mitochondrial genome
variation in modern Europeans at the complete sequence resolution could be applied
in order to resolve the questions concerning ancient population histories.
Interestingly, the results of the examination whether major human expansions started
after the advent of agriculture, i.e. in the Neolithic time, revealed that the major
population expansions occurred after the Last Glacial Maximum, with the appearance
of amiable environments, but before the Neolithic [Zheng HX, et al., 2012]. For the
analysis the authors used a comprehensive dataset of whole sequences of human
mtDNA to identify the expansion of the lineages and to reconstruct various historical
demographic events. Moreover, it was hypothesized that the continuous growth of
populations subsequently generated a need for the introduction of agriculture, being a
driving force for its further development process. Thus, although the phylogenetic
resolution of mitochondrial diversity has greatly improved as a result of increased

sequencing of mtDNA genomes, it has become evident that such a complex process
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in human prehistory as the Neolithic Revolution is needed to be considered not only
from the maternal perspective, but taking into account the results based on both
paternal and biparental genetic systems.

Due to the presence of convenient polymorphic markers, the Y-chromosomal
non-recombining region still remains an indispensable and relatively simple tool for
the patrilineal study of complex historic migration events that influenced modern-day
Europeans™ genetic diversity [Jobling MA and Tyler-Smith C, 1995; Jobling MA and
Tyler-Smith C, 2003; Underhill PA and Kivisild T, 2007]. In particular, relatively
stable (in evolutionary terms) biallelic unique event polymorphisms (UEP) that
include single nucleotide polymorphisms (SNPs) with Y-chromosomal haplogroup
defining characteristics and certain insertion/deletion polymorphisms (indels),
provide an ability to identify descendants of deep common ancestor [Weale ME, et
al., 2001]. More rapidly mutating short tandem repeats (STRs) on the NRY locus,
with increased or decreased number of repeats over a generation, are used in
population genetic surveys for the detection of relatively recent demographic events
[Morelli L, et al., 2010]. Furthermore, among the useful features of the Y
chromosome for human population research is its high level of geographic
stratification and diversification, providing more specific inferences concerning
population movement in comparison with other genetic systems [Rosser ZH, et al.,
2000; Lippold S, et al., 2014]. This phenomenon can be explained by genetic drift
and predominance of the cultural practice of patrilocality, which means that women
rather than men are more likely to move after marriage and, as a consequence, most
men live close to their birthplaces [Seielstad MT, et al., 1998]. In addition to the
frequency of classical genetic markers, the distribution of Y-chromosomal
haplogroups shows broad clines across Europe, which was characterized as one of the
main features of the European genetic landscape and regarded as evidence for the
DDM [Ammerman AJ and Cavalli-Sforza LL, 1984]. Moreover, previous studies of
Y-chromosomal haplogroup distribution reveal that the majority of contemporary

European lineages fall into the haplogroups E, G, I, N, and R [Jobling MA and Tyler-
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Smith C, 2003; Myres NM, et al., 2011; Semino O, et al., 2004]. Further, it has been
suggested that some Y-chromosomal haplogroups serve as specific markers of the
Neolithic migration involving the first farmers from the Fertile Crescent, namely,
Elb1b1-M35, J2-M172, G-M201, and R1bla2-M269 lineages [Rosser ZH, et al.,
2000; Myres NM, et al., 2011; Semino O, et al., 2004]. In particular, haplogroup
R1bla2-M269 is the most common Y-chromosomal lineage in Europe, encountered
in 110 million European men, and increases in frequency westward [Chiaroni J, et al.,
2009; Balaresque P, et al., 2010]. Lately, the question of whether its origins were in
the Paleolithic or Neolithic periods has become the subject of intense debate. In this
context, Busby et al. claim that the existing data and methods are not capable of
unambiguously estimating the age of its origin and the directions of its migration
[Busby GB, et al., 2012]. However, in some recent works, the observed explicit
frequency cline of the haplogroup R1bla2-M269 from Anatolia to Western Europe
and its associated haplotype diversity cline in the opposite direction suggest that the
lineage may have spread towards Europe with the migration of Neolithic farmers
from the Near East [Myres NM, et al., 2011; Balaresque P, et al., 2010]. Conversely,
the Y-chromosomal haplogroups G-M201 and J2-M172 are widely distributed in
populations of the Caucasus, Near/Middle East, and Southern Europe, with the
highest frequency in the North Caucasus [Balanovsky O, et al., 2011; Yunusbayev B,
et al., 2012]. Bearing this in mind, Morelli et al. examined the distribution of the
putative Y-chromosomal tracers of agriculture in Anatolia and Sardinia, the regions
where there is significant archeological, genetic and paleontological evidence of pre-
Neolithic human colonization and quite high frequency rates of these haplogroups
[Morelli L, et al., 2010]. The results have shown that the distribution of the
considered Y-chromosomal haplogroups in population of Sardinia markedly differs
from that of Anatolia. In particular, the estimated variability of the TMRCA values
and STR content of R-M269 haplogroup indicated that Sardinians and other Western
European populations underwent more ancient Upper Paleolithic expansion in

comparison with Anatolians and other Eastern Europeans populations. Hence, the
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results of this work support a pre-Neolithic spread of Y-chromosomal clades from a
common ancestral gene pool and argue against demic diffusion model. Moreover,
based on Y-chromosomal data Semino et al suggested that contribution of male
immigrant farmers to European genetic pool is only about 20% and the distribution of
haplotypes in Europe trace the migration of Paleolithic hunter-gatherers from
different refugees during the end of the Last Glacial Maximum [Semino O, et al.,
2004]. In contrast, observed clinal patterns of the NRY diversity within Europe have
been interpreted in favor of demic diffusion model for the spread of farming and
some genetic studies revealed significantly high rates of Neolithic contribution, at
least 50% [Chikli et al., 2002; Dupanloup I, et al., 2004]. As for mtDNA, studies of
Y-chromosomal DNA have shifted to the large-scale complete sequencing of chosen
lineages or populations. However, in comparison with the mitochondrial DNA,
complete sequencing of Y-chromosomal DNA has a few limitations. As Y-
chromosome has 3,000-fold greater length and richer in repeated sequences than any
other chromosome, accurately mapping of repetitive regions becomes particularly
problematic for sequencing process [Wei W, et al., 2013]. However, next-generation
sequencing (NGS) technologies have now developed further and allow overcoming
this matter. The structure of phylogenetic tree resulting from the Y-chromosomal
sequences is an informative method to shed light to the process of the haplogroup
expansion, whereas branch lengths are in principle proportional to time, avoiding
dating problems associated with STRs, namely choosing their appropriate mutation
rate and possible long-term mutation saturation [Batini C, et al., 2015]. In particular,
analysis of the major Y-chromosomal European lineage, the haplogroup R1b, based
on complete sequencing, supported a Neolithic origin for the node, dating it to 4-13
thousand years ago [Wei W, et al., 2013]. A markedly starlike structure of the R1b
phylogeny indicates that the lineage experienced an extremely rapid and extensive
increase as soon as it entered the European continent, therefore only few mutations
occurred during the expansion. These results were further confirmed by the study of

Sikora et al [Sikora MJ, et al, 2013]. Another population-based NGS studies across
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Europe have pointed to more recent coalescent times (3,5-7,3 KYA) for three major
European Y-chromosomal lineages (11,R1a and R1b) and to a recent widespread
male-specific phenomenon that may be an evidence of social selection during Bronze
Age [Lippold S, et al., 2014, Batini C, et al., 2015]. Moreover, based on comparison
of NRY and mtDNA variation it was proposed that the effective population size of
females has been larger than that of males throughout human history [Lippold S, et
al., 2014]. Currently, the number of studies based on complete sequencing of Y-
chromosomal and mitochondrial DNA has been growing over the time providing new
insights into the paternal and maternal histories of human populations.

Although single-locus studies continue to provide valuable insights into human
origins and migration events, it is clear that these systems represent only a small
portion of human genome. With rapid development of new sequencing technologies
in recent years, genome-wide data and whole sequences of genomes have enabled a
more detailed insight into a genetic diversity of human populations, being particularly
useful for inferring population divergence and admixture times, directions of
migrations, and other aspects of human demographic history.

Genome-wide data generally provide more reliable insight into the population
history because they are based on analysis of many independent loci. Recently, a
range of genome-wide studies of present-day populations have been conducted. In
one of the published papers on this topic [Yunusbayev B, et al., 2012] it was shown
that irrespective to remarkable linguistic diversity, populations from the Caucasus are
characterized by relatively high level of autosomal uniformity. In another survey,
genome-wide diversity of populations from the Levant pointed to the recent genetic
stratification of the region, which had been driven by religious affiliations of the
populations [Haber M, et al., 2013].

Verily new era in population genetic studies inaugurated only a few years ago,
with the availability of ancient DNA samples for genetic analysis. In comparison to
the studies of genetic makeup of present-day populations, aDNA analysis offers an

opportunity to directly investigate specimens from specific temporal layers of
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interest. In particular, aDNA of the earliest farmers has been used for understanding
whether or not the diffusion of farming in Europe was accompanied by substantial
influx of people [Sampietro ML, et al., 2007; Olalde I, et al., 2014]. However, as the
DNA from ancient samples are rare well-preserved, only few genetic analyses could
be performed on excavated Neolithic remains, and they are often limited to the study
of genetic variation of their maternal gene pool [Haak W, et al., 2005; Sampietro ML,
et al.,, 2007, Bramanti B, et al., 2009]. In relation to the debate surrounding the
phenomenon of Neolithisation in Europe, Haak et al analyzed mtDNA of 24
Neolithic skeletal remains in Central Europe, dated to the Linear Pottery Culture
(LPK) (5,500—4,900 calibrated B.c.) and found that 25% of the specimen had the N1a
haplogroup [Haak W, et al., 2005]. In comparison, modern mitochondrial genetic
pool of Europeans consists of only 0.2% in frequency of the lineage. This pattern was
interpreted as a signature for a little genetic influence of Neolithic immigrants to the
extant European female lineages and, thus, supports the cultural model for
agricultural diffusion. Further, the results of Haak et al have been criticized for
limited sample size and generalization of the inferences to the whole Europe
[Barbujani G and Chikhi L, 2006]. On the other hand, a genetic survey of 11 aDNA
samples from a Middle/Late Neolithic site (5,5-5 KYA) on the Iberian Peninsula did
not reveal significant differences from present-day populations, indicating that
Neolithic transition in Iberia occurred with a quite different scenario [Sampietro ML
et al., 2007]. Likewise, the results of patrilineal and matrilineal analysis of 29 ancient
samples from a French Mediterranean region (5 KYA) [Lacan M, et al., 2011] are
consistent with those published by Sampietro et al. The presence of mtDNA
haplogroup, which are typical for modern European populations, and absence of N1a
lineage support a demic diffusion model in Mediterranean area of Europe. Moreover,
the results of the study based on the investigation of 22 mitochondrial DNA
sequences from central and northern European post-LGM hunter-gatherer skeletons
allow proposing the absence of genetic continuity between hunter-gatherers and first

farmers and between hunter-gatherers and present-day Europeans [Bramanti B, et al.,
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2009]. The authors have come to the conclusion that early farmers of central Europe
were not the descendants of local hunter-gatherers and, on the contrast, immigrated
into the region from the Near East. More recent genetic survey by Haak et al
confirms this suggestion, revealing shared genetic affinity of LPK samples with the
modern-day populations of the Near East and Anatolia [Haak W, et al., 2010]. Thus,
the results indicate a significant genetic input from this area during the agricultural
transition in Europe.

It is notable that unique genetic features were found in the LPK populations
which were interpreted as a signature for major demographic events taken place in
Europe after the early Neolithic [Haak W, et al., 2010]. Furthermore, a model of
random rather than clinal dispersal of agricultural migration suggested by Hervella et
al., presumed different genetic impact of Neolithic farmers on the various geographic
regions and in different periods of time. Thus, more complex process of
Neolithisation in Europe was proposed [Hervella M, et al., 2012]. In particular, the
mitochondrial DNA analysis of hunter-gatherers and first farmers from Northern
Spain suggests different scenario in Central Europe, Mediterranean Europe and the
Cantabrian fringe. In regard to Central Europe, the key role in the formation of
modern mtDNA diversity of the region was suggested for late Neolithic cultures
[Brandt G, et al., 2013]. Additionally, the analysis of 15 mitochondrial DNA data of
the original Near-Eastern Neolithic communities (8,700-6,600 BC) revealed genetic
proximity between these samples and the present-day populations of Cyprus and
Crete, which could be interpreted in favor of the introduction of Neolithic into
Europe through the pioneer seafaring colonization [Fernandez E, et al., 2014].
Concerning the question of different waves of migration, the study of remains from
archaeological sites in Romania, spanning a time-period from the Early Neolithic to
the Late Bronze Age, aimed to reveal the genetic structure of the various prehistoric
human populations that spread throughout Europe from Anatolia and the steppes
north of the Black Sea [Hervella M, et al., 2015]. The findings allow proposing the
hypothesis that second wave of Neolithic migration from Anatolia had the highest
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impact on the genetic composition of the European populations. Application of NGS
technologies to the ancient DNA data have led to a larger capturing of the genetic
information contained in ancient genomes. The first complete sequenced ancient
DNA was 5,300-year- old Tyrolean Iceman (Late Neolithic or ‘Copper Age’), who,
surprisingly, had more genetic similarity to modern Sardinians than to the present-
day population inhabiting the region where he probably lived [Keller A, et al., 2012].
The results suggested that crucial demographic changes have occurred in Europe after
the Neolithic period. Further complexity in the understanding of European genetic
composition has come with recent discoveries indicating a third population, the
Northern Eurasians that contributed their genetic legacy to modern Europeans
[Lazaridis I, et al., 2014]. Authors sequenced the ancient European genomes of eight
8,000-year-old hunter-gatherers and 7,000-year-old farmer, comparing them further
with genome-wide data of other ancient and modern samples. Additionally, it was
revealed that early European farmers had about 44% of ancestral legacy from a ‘basal
Eurasian’ population, that split before the variegation of other non-African lineages.
Demic diffusion model was further refined with the study of 69 European genome-
wide ancient DNA data that revealed Yamnaya related ancestry persisted in present-
day Europeans, which is, in particular, lower in southern and higher in northern parts
of Europe [Haak W, et al., 2015]. It was suggested that the arrival of the Near Eastern
early farmers during the Early Neolithic was followed by a massive migration from
the Eurasian Steppe (approximately 4,5 KYA) involving Yamnaya population. This
migration afterwards has led to the profound changes in European Y-chromosomal
haplogroup composition, giving the predominance to the haplogroups Rla and R1b
instead of the G2a lineage. Thus, ancient genomes from Eurasia indicate tree
ancestral populations with various impacts to the modern European gene pool:
Western hunter-gatherers who had inhabited Europe since Paleolithic times; Early
farmers from the Levant, that shaped the European genetic makeup during Neolithic
migration; Pontic steppe herders, who arrived during the Bronze Age [Lazaridis I, et
al., 2014; Haak W, et al., 2015] (Fig. 1.3). In its turn, genetic source for Steppe
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herders and, in particular, for Yamnaya population was attributed to Near Easterners
and eastern Eurasian hunter-gatherers. Recent genome-wide study of 230 ancient
DNAs, spanning time period from 6,500 and 300 BC, revealed that Anatolian
Neolithic farmers were members of the population that was the source of European
first farmers [Mathieson I, et al., 2015]. Moreover, ancient whole genome from
Ireland possessed predominantly Near Eastern origin, which suggestes a substantial

influx of early farmers to the island [Cassidy LM, et al., 2016].
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Figure 1.3. Peopling of Europe based on the results of ancient and modern DNA

analysis. (From Haber et al., 2016; modified).

Three ancient populations had an impact on the modern Europeans genetic makeup (diamonds).
Eastern Eurasian hunter-gatherers and Near Easterners are represented by squares. Grey
arrows indicates the model for populating Europe inferred from modern DNA analysis, while black
ones represents additional layers of information inferred based on aDNA data.

Paleolithic
Eurasians

To summarize, ancient DNA studies support a complex nature for the diffussion
of agriculture, providing convincing evidence for the spread of farmers at the
beginning of the Neolithic and indicating the presence of genetic impact hunter-

gatherers on the European gene pool. In this respect, further discoveries of ancient
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samples combined with the modern data from indigenous populations of considered
regions could disentangle this matter.

As the only present-day population assumed autochthonous for the Armenian
Highland is represented by Armenians, the population is considered for the study of
genetic makeup of the region. The genetic structure of Armenians was analyzed
based on paleoanthropological, dermatoglyphics, isoserological data and using
various genetic markers, such as the NRY, mtDNA, Alu insertion polymorphisms,
and autosomal markers [Nasidze | and Stoneking M, 2001; Weale ME, et al., 2001,
Nasidze I, et al., 2004; Harutyunyan A, et al., 2009; Herrera KJ, et al., 2012, Rootsi
S, et al., 2012; Hovhannisyan A, et al., 2014]. However, the results of uniparental
genetic analyses are relatively different, suggesting the presence of gender-specific
population events [Nasidze I, et al., 2004]. The comparison of Y-chromosomal and
mtDNA diversity within Armenian populations has identified more expressed
geographic pattern for paternal rather than maternally inherited markers. This
indicates the significant impact of the cultural tradition of patrilocality on population
structure [Harutyunyan A, et al., 2009]. Moreover, results of a previous study pointed
to the marked genetic divergence of populations from the mountainous southern
(Syunik, Karabakh) and eastern areas of the Armenian Highland compared to those of
the Ararat valley and the northern, western and central parts of historical Armenia
[Weale ME, et al., 2001]. In addition, the HLA data survey confirmed a significant
geographic stratification of the Armenians and supported their indigenous origin
[Margaryan A, et al., 2011]. A recent high resolution survey of the patrilineal genetic
structure of four Armenian populations of Ararat valley, Gardman, Lake Van and
Sasun, which encompass the full extent of historical Armenia, revealed the greatest
prevalence of Y-chromosomal haplogroups associated with the arrival of the
Neolithic farmers from the Near East, including the J2a-M410-, R1b1b1*-L23-, G2a-
P15- and J1-M267-derived lineages [Herrera KJ, et al., 2012]. It has been proposed
that the wide presence of the Neolithic genetic markers, coupled with the scarcity of

Paleolithic archaeological artifacts, indicate a repopulation of the Armenian Highland
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by early agriculturalists from the Near East. Moreover, due to the presence of high
sub-haplogroup diversity and deep phylogenetic branches the haplogroup G is
thought to have originated nearby eastern Anatolia, Armenia or western lran [Rootsi
S, et al., 2012]. High-throughput sequencing of complete Armenian mtDNA genomes
combined with the same data of the populations of Azeri, Georgians, Turks and
Iranians revealed extraordinary high genetic diversity in the groups [Schonberg A, et
al., 2011]. Moreover, Indo-European speaking Armenians, Turkic-speaking Azeri and
Caucasian-speaking Georgians are appeared to be in one cluster on the PCA plot,
indicating a greater impact of geographic features rather than linguistic relationships
on the population interactions. These results are in agreement with previous studies of
mitochondrial and Y-chromosomal variation [Nasidze | and Stoneking M, 2001;
Nasidze I, et al., 2004].

Currently, few genome-wide association studies of modern Armenian population
have been performed [Behar DM, et al., 2010; Yunusbayev B, et al., 2012; Haber M,
et al., 2015]. It was shown that Armenians represents the only population in the
Caucasus that share Near/ Middle Eastern component and, at the same time, follows
clustering patterns similar to the Caucasus and the Levantine ones [Yunusbayev B, et
al., 2012; Haber M, et al., 2015]. Statistical analysis of modern genetic data indicated
the absence of any significant admixture events for Armenians over the past 4 KYA
[Hellenthal G, et al., 2014] and, thus, justifies using the population as a reference
group for addressing the issue of Neolithic migration from the Near East. More recent
massive genetic survey of 173 Armenians revealed that the population coupled with
other Near Eastern genetic isolates (Cypriots, Near Eastern Jews and Christians) have
higher genetic affinity to Neolithic European farmers rather than to modern Near
Eastern populations [Haber M, et al., 2015]. Thus, in comparison to other present-day
Near Eastern populations, the genetic isolates preserve the features of ancient
regional genetic landscape. More specifically, it was assessed that Armenians have
29% of ancestry from source population, represented by Neolithic Europeans. In

general, these results points to the importance for genetic studies of continually
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isolated populations, such as Armenians. It was shown that the period of Bronze Age
was the most crucial one for the genetic structuring of Armenians and since this era
(3,000 year ago) the population was genetically isolated from other neighboring
populations. The only study of ancient Armenian data was performed by Allentoft et
al, who sequenced eight Bronze Age samples from the eastern parts of the Armenian
Highland [Allentoft ME, et al., 2015].

Summarizing the literature review, it can be argued that the Neolithic was a
crucial period not only in terms of invention and spread of agriculture, but also for
mass human migration from the Near East to Europe and the North Caucasus. In this
context, the Armenian Highland, located on the crossroads of the major waves of
prehistoric and historic migrations, could have served as a conduit for Neolithic
human spread. The only appropriate population of the region is represented by
Armenians, whose gene pool might preserve the signals of Neolithic migration

through the Armenian Highland.
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CHAPTER 2. MATERIALS AND METHODS

2.1. Description of the material

The study was performed at the Institute of Molecular Biology of the Armenian
National Academy of Sciences (IMB NAS RA). The study protocol was approved by
the Ethics Committee of the IMB NAS RA (IORG number 0003427, Assurance
number FWA00015042, IRB number 00004079). The genotyping of the Armenian
samples analysed here was conducted in the Lebanese American University, Beirut,
Lebanon; University of Arizona, Tucson, Arizona, and the Estonian Biocentre, Tartu,
Estonia.
Samples for Y-chromosomal analysis
Buccal swabs were collected with informed consent from a total of 757 unrelated (at
the paternal grandfather level) self-identified ethnic Armenian males, representing
four geographically distinct Armenian regions of the historical expanse of Armenia.
These regions include Salmast (n=199), eastern (Karabakh and Syunik) (n=210),
central (Alashkert and Bayazet) (n=200), and western (n=148) parts of the Armenian
plateau. All subjects were notified about the aim of the study and gave their consent
to participate. Further, in order to roughly encompass the whole region for analysis,
we used the previously published data from the populations of Van (n=103), Sasun
(n=104), the Ararat Valley (n=110), and Gardman (n=96) [Herrera KJ, et al., 2012],
with the latter two, along with Karabakh and Syunik, then included in one group
representing the eastern part of the Armenian Highland (Fig. 2.1). To assess the
frequency and diversity distribution of encountered Y-chromosomal haplogroups, we
combined our data with previously published comparative datasets representing the

Near East, the North Caucasus, and Europe.
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Figure 2.1. Geographic locations of the Armenian populations used for Y-
chromosomal analysis.

Y-SNP and Y-STR genotyping

The genotyping was performed in a hierarchical manner for the Y-chromosomal
binary (SNP) markers and for STRs. The samples of western and central Armenia,
Karabakh, and Syunik were genotyped at the Lebanese American University for 32
SNPs and 17 STRs. The genotyping of Salmast specimens was performed at the
University of Arizona for 44 SNPs and 14 STRs. Nomenclature of Y-chromosomal
haplogroups was assigned in accordance with ISOGG (http://www.isogg.org). In
order to unify the number of haplogroups and STR markers while doing comparative
analysis, we used 24 haplogroups for analysis within the Armenian populations (Fig.
3.1), nine haplogroups — in comparison with other ethnic groups (Table 2.1) and the
following eight common STRs for all other cross-comparisons: DYS19, DYS389I,
DYS389b, DYS390, DYS391, DYS392, DYS393, and DY S439.
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Table 2.1.

List of populations analyzed for the Y-chromosomal markers.

Geographic Region of
region/ Abbr. N  Reference Available data origin
population name g
Armenian Highland
Western SNPs, STRs for hgs .
Armenia WA 148  Present study R1bla2, J2. G Armenia
. SNPs, STRs for hgs .
Central Armenia  CA 200 Present study R1b1a2, J2. G Armenia
Eastern Present study; SNPs, STRs for hgs .
Armenia EA 416 Herrera et al, 2012 Ribla2, J2, G Armenia
SNPs, STRs for hgs .
Van VAN 103 Herreraetal, 2012 R1bla2, J2. G Armenia
SNPs, STRs for hgs .
Sasun SAS 104 Herreraetal, 2012 R1bla2, J2. G Armenia
SNPs, STRs for hgs .
Salmast SAL 199 Present study R1b142, J2. G Armenia
Caucasus
. Yunusbayev et al, 2012; i
Georgia GEO 66 Rootsi et al. 2012 SNPs, STRs forhg G Georgia
Ossets-1ron OS-1 230 Balanovsky etal, 2011  SNPs, STRs for hg J2 Russia
Ossets-Digor OS-D 127 Balanovsky etal, 2011  STRs for hg R1bla2  Russia
Yunusbayev et al, 2012;
Abkhazians ABH 162 Rootsietal, 2012; SNPs, STRs for hg G Abkhazia
Balanovsky et al, 2011
Lezghins LEZ 81 Balanovskyetal, 2011  STRsfor hg R1bla2  Russia
. Yunusbayev et al, 2012; .
Cherkessians CHK 126 Rootsi et al, 2012 STRs for hg G Russia
Chechen
(Dagestan) CHR 100 Balanovskyetal, 2011  STRs for hg J2 Russia
Near East
SNPs, STRs for hgs
Lebanon LBN 916 Zalloua et al, 2008a R1b1a2, J2. G Lebanon
Syria SYR 200 Zalloua et al, 2008b JSZNZS STRsforhgs o\ i
Palestine PSE 290 Zalloua et al, 2008b éNPS’ STRs for hgs Palestine
Iran
Iran IRN 324 Haber etal, 2011 STRs for hg J2, G Iran
Anatolia
Turkey TUR 617 Rootsi et al, 2012 SNPs, STRs for hgs Turkey

Cinnioglu et al, 2004

Ribla2,J2, G
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Europe

SNPs, STRs for hgs

Cyprus CYP 165 Zalloua et al, 2008b 12,6 Cyprus
Malta MLT 187 Zalloua et al, 2008b STRs for hg J2 Malta
Sicily SIC 236 Di Gaetano etal, 2009  SNPs, STRs for hg J2 Italy

Crete CRE 193 Kingetal, 2008 SNPs, STRs for hg J2  Greece
Greece GRC 171 Kingetal, 2008 STRs for hg J2 Greece
Slovakia SLK 276 Myresetal, 2010 STRs for hg R1bla2  Slovakia
Romania ROM 330 Muyresetal, 2010 STRs for hg R1bla2  Romania
Basques BSQ 168 Alonso et al, 2005 SNPs Spain
Belgium BEL 1028 Larmuseau etal, 2014 SNPs Belgium
England GBR 102 Myresetal, 2010 STRs for hg R1bla2  England
France FRA 93 Myresetal, 2010 STRs for hg R1bla2  France
Netherlands NLD 87 Muyresetal, 2010 STRs for hg R1bla2  Netherlands
Switzerland CHE 175 Myresetal, 2010 STRs for hg R1bla2  Switzerland
Germany DEU 321 Myresetal, 2010 STRs forhg R1bla2  Germany
Denmark DNK 110 Muyresetal, 2010 STRs for hg R1bla2  Denmark
Italy ITA 282 Myresetal, 2010 STRs for hg R1bla2 Italy
Ireland IRL 99  Myres et al, 2010 STRs for hg R1bla2  Ireland

Samples for genome-wide autosomal analysis.

Blood samples were collected in 4 ml EDTA-coated vacutainers with informed
consent from a total of 27 unrelated (at the paternal and maternal grandfather and
grandmother level) self-identified ethnic Armenians, representing three
geographically distinct Armenian regions: western (n=4), eastern (n=14), and central
(n=9) parts of the Armenian Highland. As comparative datasets from the region, 8

Georgian and 10 Yezidis samples were also genotyped (Fig. 2.2).

DNA extraction for genome-wide analysis

3-4 ml of blood sample was added in a 15 ml Falcon tube and centrifuged at 3,000
rpm for 10 min. After removal of supernatant 14 ml TE buffer was added and
centrifuged at 3,000 rpm for 10 min. This step was repeated until a clear white pellet
was obtained. 25 ul of Proteinase K (20 mkg/ml) and 5 ml of WBC lysis buffer were
added and the pellet was disturbed. The tubes were incubated at 56°C for 2.5-3 hours.
Then 2 ml 6 M NaCl was added, the tubes were shaking periodically for 20 minutes
(3-4 times) and centrifuged at 3,000 rpm for 25-30 min. This step was repeated until a
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clear supernatant and rigid pellet were obtained. To precipitate DNA aqueonus phase
was added into the 50 ml transparent clear tubes with 35-40 ml 96% ethanol. The
tubes were gently shaked until the DNA medusa was generated. Transferred in 1.5 ml
sterile eppendorf tubes, the DNA medusa was washed in 1 ml 70% ethanol. After
drying 350 ul TE buffer (pH=8.0) was added and the tubes with DNAs were put at
37°C overnight to solve DNAs. DNA samples were kept at -20 °C.
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Figure 2.2. Geographic location of the Armenian and comparative populations
(Georgians and Yezidis) used for genome-wide autosomal analysis.

DNA purification for genome-wide analysis

Ethanol precipitation was used to concentrate and purify nucleic acids. 1/10 volume
of 7.5 M ammonium acetate was added to 200-300 mkl of DNA samples. Then 2.5—
3.0X volume (calculated after addition of ammonium acetate) of at least 95% ethanol
was added and tubes were freezed overnight in -20. Samples were centifuged at >
14,000 rpm for 20 minutes, supernatant was discarded and 1,000 mkl of 70% ethanol
was added. After 5 min of centrifugation supernatant was decanted, the pellet was
dried and 50 mkl of H,O was added in the tubes to dissolve the pellet.
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Genome-wide typing

DNA concentration was adjusted to approximately 70 ng/ul. Before genotyping the

quality of the samples was checked by electrophoresis (0.8% gel). DNA samples

were genotyped with the Illumina 710 K single nucleotide polymorphism (SNP) array

and used for genome-wide autosomal analysis together with comparative ancient and

modern samples obtained from the literature (Tables 2.2 and 2.3).

Table 2.2.
List of ancient samples analyzed in this study for genome-wide autosomal markers.
Group Description N Reference Region
Late Neolithic — Bronze Age
Yamnaya Yamnaya (Bronze Age) 5 Haaketal 2015 Russia
aArm Armenians (Bronze Age) 8 Allentoft et al 2015 Armenia
Early — Middle Neolithic
Haak et al 2015;
Hungary EF Early Farmers 2 ' Hungar
gary_ y Gamba et al 2014 gary
LBK_EF Early Farmers 2 Haak et al 2015 Germany
Stuttgart EF Early Farmer 1 Lazaridis etal 2014  Germany
Pleistocene/Holocene Hunter-Gatherer
Haak et al 2015;
EHG Eastern Hunter-Gatherers 2 Mathieson et al Russia
2015
Caucasus Hunter- Georaia
CHG Gatherers 2 Jones et al 2015 g
Table 2.3.
List of modern populations analyzed for genome-wide autosomal markers.
Geographic Country of
region/populatio Abbr. N Reference Chip Analysis origin/Collect
n ion
Armenian Highland
Armenians Arm 19 Behar etal 2010 610k ADMIXTURE  Armenia
(general)
agg:;‘;%”s Arm 16 Yunusbayevetal 2012 660k ADMIXTURE  Armenia
Central ADMIXTURE, .
Armenia CA 9 Present study 710k PCA Armenia
Eastern ADMIXTURE, .
Armenia EA 14 Present study 710k PCA Armenia
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Western ADMIXTURE, .
Armenia WA 4 Present study 710k PCA Armenia
Caucasus
Abkhasians Abh 20 Yunusbayev etal 2012 610k ADMIXTURE Georgia
Chechens Che 20 Yunusbayev et al 2012 610k 'S‘SXMXTURE’ Russia
Lezgins Lez 18 Beharetal 2010 610k ADMIXTURE Russia
North Ossetians  OsN 15 Yunusbayev et al 2012 660k PCA Russia
Georgians Geo 8 Present study 710k 'FA,‘CI:DXIXTURE’ Georgia
Anatolia
Turks Tur 19 Beharetal 2010 610k 'S‘g 'L\\A IXTURE, Turkey
Iran
Azeris Az 10 Yunusbayev etal 2015 660k PCA Iran
Iranians Im 20 Beharetal 2010 610k Q(Ié)’L\\/IIXTURE, Iran
Central Asia
Kurds Krd 5 Yunusbayev et al 2012 660k 'FA,‘CE) 'L\\A IXTURE, Kazakhstan
Uzbeks Uzb 15 Beharetal 2010 610k ADMIXTURE  Uzbekistan
Turkmens Trk 15 Yunusbayevetal 2012 610k ADMIXTURE  Turkmenistan
Tajiks Taj 15 Yunusbayevetal 2012 610k ADMIXTURE  Tajikistan
Near East
Jordanians Jor 20 Beharetal 2010 660k ADMIXTURE Jordania
Yezidis Yez 10 Present study 710k 'FA,‘([:) 'L\\A IXTURE, Armenia

. 610- ADMIXTURE, :
Syrians Syr 16 Beharetal 2010 660k PCA Syria

Behar et al 2010;
Lebanese Leb 8 Behar et al 2013 610k PCA Lebanon
South Asia
Pathan Pat 23 Lietal 2008 650k ADMIXTURE Pakistan
Gujaratis Guj 20 Hapmap3 :ZB ADMIXTURE  India
Siberia
Mongolians Mng 9 Rasmussenetal 2010 660k ADMIXTURE Mongolia
Buryats Bur 19 Rasmussenetal 2010 660k ADMIXTURE Russia
Europe
Ukranians Ukr 20 Yunusbayev etal 2012 660k ADMIXTURE  Ukraine
Greeks Grc 10 Beharetal 2013 660k ADMIXTURE  Greece
France Fr 20 Lietal 2008 650k oA RS France
. Behar et al 2010; 610- .

Belarusians Bel 22 Behar et al 2013 660K ADMIXTURE Belarusia
Germans Ger 13 Yunusbayev etal 2015 660k PCA Germany
Estonians Est 20 Raghavanetal 2014 650k ADMIXTURE Estonia
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Sicilians Sic 13 Beharetal 2013 660k ADMIXTURE Italy

North Italians Ita 13 Lietal 2008 650k ADMIXTURE Italy
Tuscans Tus 8 Lietal 2008 650k ADMIXTURE Italy
Bulgarians Bul 13 Yunusbayevetal 2012 660k PCA Bulgaria

2.2. Data analysis

Methods for Y-chromosomal analysis

The values of pairwise genetic distances (Fst) were calculated using the software
package Arlequin 3.5 [Excoffier L, et al., 2005]. We also estimated the intra-
population locus-specific variance, V,, and the intra-population genetic variance, V5,

according to the formulae given in Kayser et al. (2001):

V. =[1/(n— 1)]EL(Xi—X)?

Vo = (U/m)ZZ,\Vy,

where X= (1/n)E" X,
n — number of chromosomes sampled for the population
m — number of loci.

Frequencies and microsatellite variances of the haplogroups were visually
displayed using Surfer 10 (Golden Software) by the gridding method. Latitude and
longitude values were calculated for the geographic centers of the sampling regions.

Principal coordinate analysis (PCoA) was performed on distance matrices based
on Fst genetic distances using Genstat software.

The phylogenetic relationships among eight loci haplotypes of equal number of
individuals from different populations within the haplogroups R1bla2, J2, and G
were ascertained using the NETWORK 4.6.1.0 (available at http://www.fluxus-
engineering.com) and Network Publisher softwares. Median-joining networks were
generated by processing haplotypes with the reduced median algorithm, followed by
the median-joining method, and with weighted STR loci tabulated to be proportional
to the inverse of the repeat variance. The star contraction and maximum parsimony

options were used for further simplification of the networks.
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GENE-E software was used to graphically represent genetic similarities between
populations by color coding pairwise Fst values on a heatmap.

To estimate differences in the haplogroup composition of the regions,
correspondence analysis was conducted using SPSS ver. 19 software package (SPSS
Inc.).

Methods for genome-wide autosomal analysis.

Data management and quality control. We used PLINK 1.05 software [Purcell S, et
al., 2007] to merge our genotyped samples with the comparative dataset consisted of
different modern and ancient populations that were genotyped with various arrays in
previous genetic studies. Quality control and linkage disequilibrium (LD) pruning
were also performed using the corresponding software. Sex-linked and mitochondrial
SNPs were removed for all subsequent analysis.

Genetic ancestry analysis. Only SNPs with genotyping success >95% were included
for the analysis. In general, 164,778 autosomal SNPs were used to infer individual
genomic ancestry components in modern population samples by ADMIXTURE
software [Alexander DH, et al., 2009]. The program was run assuming 2 to 8 (K =2
to K = 8) genetic clusters or “ancestral populations” in 10 replicates and assessed
convergence between individual runs. Individual ancestries were estimated by
efficiently computing maximum likelihood estimates in a parametric model. On the
basis of the cross-validation error distribution, the model at K=6 was assessed as
having better predictive accuracy than at other K values. In order to evaluate the
convergence of conducted runs at each K value, the difference in the distribution of
log likelihood (LL) scores for the runs was considered. The low level of variation in
LLs within each runs was reached at K=6, that verify the usage of this particular K as
the best single representation of the ADMIXTURE genetic structure for our data.
Principal component analysis. In order to prepare our data of modern population
samples for principal component analysis (PCA), quality control (minor allele
frequency >1%; genotyping success >97%; per-individual genotyping

threshold <3%) and LD-pruning (the method assumes that considered markers are
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unlinked) were conducted. LD score (r2) was calculated for each pair of SNPs in 200-
SNP windows, excluding one of a pair of SNPs if the LD is greater than 0.5. Thus,
the filtering steps resulted in 178878 SNPs within modern population data remaining
for downstream analyses. PCA was performed for the autosomal genome-wide
dataset using the smartpca program of the EIGENSOFT package with the outlier
removal option off. [Patterson N, et al., 2006]. Data of ancient DNA samples were
projected onto the pattern containing the modern ones. No standardization or
transformation of genotypes was performed before running the software. The R
package [Team RC, 2013] was used to graphically represent genetic similarities
between the populations. In order to present the results at the population level,
population medians for PC coordinates were assessed. Plot of the first and second

components of the PCA was visualized.
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CHAPTER 3. RESULTS AND DISCUSSION

3.1. Y-haplogroup frequency distribution

The phylogenetic relationships of the Ychromosomal markers and frequency
distribution of the defined 24 haplogroups in the six Armenian populations are shown
in Figure 3.1. Analysis of haplogroup distribution revealed that the lineage R1bla2-
M269 is the most frequently encountered subclade in all Armenian samples, except
Sasun, which differs from others due to the predominance of the haplogroup T (20%)
[Herrera KJ, et al., 2012]. Of the lineages within the haplogroup R, the subclade
Rl1ala-M198 is linked to the spread of the Indo-Aryan languages [Underhill PA, et
al., 2010] and detected with low frequencies or even absent in the analyzed
populations. The majority of the J-M304 samples within Armenian populations
belongs to its J2-M172 branch, though in the population of Salmast, there is a nearly
equal frequency distribution of J2 and J1 lineages. An aggregated frequency of all J-
M304 sublineages encompasses 27-43% of the Y-chromosomes, in which 51-70%
account for the haplogroup J2. The haplogroup G is also observed at relatively high
frequencies in all Armenian samples (Fig. 3.1). Worth mentioning that Y-
chromosomal haplogroups frequently encountered in Balkans populations (the
lineages E-M78, 1-M170, and R-M198) are not among the prevalent ones in the
Armenian paternal gene pool. Moreover, the haplogroup N, which is considered as a
genetic marker of Mongolian ethnic groups, is presented only in one sample from the
population of Gardman, while being absent in all other Armenian groups.

On the whole, the results of analysis of patrilineal lineages revealed the
prevalence of the Y-chromosomal haplogroups associated with the arrival of
Neolithic farmers from the Near East. Three prospective genetic markers of
agricultural migration, namely, the haplogroups J2, G, and R-M269, represent the
most common lineages in all six Armenian populations, together accounting for 49-
70% of the sampled groups. It has previously been proposed that the wide presence of
genetic markers attributed to agriculturalists, coupled with Neolithic archaeological
artifacts, indicates continuous habitation of the Armenian Highland since the
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Neolithic [Dolukhanov P, et al., 2004; Herrera KJ, et al., 2012]. It was suggested that
the majority of Paleolithic genetic markers detected in the modern populations of the
Armenian Highland represent genetic influx from continuously settled regions
[Herrera KJ, et al., 2012]. This inference is confirmed by time estimations of the
haplogroup T, which is considered to have originated in the Near East during the
Paleolithic (20 KYA) and later introduced by migrants in the territory of the
Armenian Plateau (12-13 KYA).

WA CA EA Van Sasun  Salmast

(n=148) (n=200) (n=416) (n=103) (n=104) (n=199)

Yap M35 IM?S Elb1bl - - - - - 0.0101

M168 |M123 Elblblal 0.0270 0.0200 0.0096 0.0388 - 0.0704

— Elblblb2a 0.0135 0.0250 0.0361 0.0388 0.0288 0.0402
V201 F - 0.0050 - - - -

Ma9 |P15 G 0.0203 0.0150 0.0144 - - 0.0201

M170 G2a 01149 01450 00721 00777 01250 0.0353

1 0.0405 0.0350 0.0361 0.0194 - 0.0151
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|L136 J1 0.0608 0.0800 0.0697 0.0777 0.0673 0.0704

M304 VIa10 J1a2 0.0608 0.0900 0.0625 0.0583 0.0288 0.1256

|L2? 12a 0.1959 0.1450 0.1274 0.1942 0.0962 0.0050

M172 ET J2al 0.0068 - - - - 0.1206
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|12 R2a 0.0338 0.0150 0.0048 0.0097 0.1731 0.0151

misd T 0.0473 0.0600 0.0457 0.0388 0.2019 0.0251

Figure 3.1. Phylogenetic relationships and Y-chromosome haplogroup frequencies in
six Armenian populations.

To get deeper insight into the issue of the directions of the agriculturalists’
migration from the Near East, we used the PCoA approach to visualize the Fsr
genetic distances (based on absolute haplogroup frequencies, summarized in Table
3.1) between the Armenian and comparative datasets from the Near East, the North

Caucasus, and Europe (Table 3.2).
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Table 3.1.
Absolute frequency distribution of haplogroups in the studied populations. Frequencies of the main Y -chromosomal haplogroups in
the 18 populations include in the PCoA and correspondence analysis of Figures 3.2 and 3.3.

POPULATION

HG WA CA EA VAN SAS SAL LBN SYR PSE CYP TUR 0SI ABH CRE GEO BSQ BEL  SIC
n=148 n=200 n=416 n=103 n=104 n=199 n=916 n=200 n=290 n=165 n=523 n=230 n=58 n=193 n=65 n=168 Nn=1028 n=236

E1b1b1-M35 6 9 19 8 3 24 148 27 71 51 56 1 1 171 6 52 43
EXE1b1b1 0 0 0 0 0 0 13 7 3 2 3 0 0 0 0 1 0 0
G-M201 20 32 36 8 13 15 60 11 25 22 57 171 33 21 33 1 38 14
1-M170 6 7 15 2 0 3 44 9 13 1 28 0 0o 25 2 5 201 18
12-M172 41 51 102 30 18 42 237 52 56 25 127 42 8 59 19 1 44 61
IXJ2 18 3 55 14 10 4 184 48 101 38 48 3 0 16 0 2 10 9
L-M20 3 1 4 2 4 4 48 10 2 3 22 2 2 1 0 0 4 1
R1bla2-M269 33 43 150 33 16 47 67 8 5 0 76 6 7 33 1 144 626 58
RxR1bla2 13 10 13 1 19 15 4 17 5 20 50 2 6 17 9 4 42 13
Other 8 13 2 5 21 8 71 11 9 3 56 3 1 4 0 4 11 19



The PCoA plot reveals strong regional clustering indicating the separation of the
populations from the Near East and Eastern Europe from those of the North Caucasus
and Western Europe (Fig. 3.2). In this context, populations of the Armenian
Highland, the Near East, and Eastern Europe appear to be in one extensive cluster
with a clear geographic gradient from the Levant towards the northwest. In fact, the
closest population to the Near Eastern groups is Cyprus, the region settled by
Neolithic farmers from the mainland shortly after the emergence of agriculture
[Vigne JD, et al., 2012]. Archaeological discoveries at Klimonas indicated that the
use of cereals introduced from the Levant and appearence of Neolithic villages on the
island dates to approximately 10-11 KYA. The Cretan population within the cluster is
centrally located between the populations of the Near East and Europe. It was shown
that Crete hosts one of the oldest Neolithic settlements of Europe and underwent an
agricultural transition from either the Anatolian coast or by sea from the Levant
approximately 7-8 KYA [Evans JD, et al., 1994; Bellwood P, 2013]. In general, our
pattern is in accordance with previously found genetic affinity between human
remains from the Neolithic sites (based on aDNA data) and the modern populations
of Cyprus and Crete, suggesting the leading role of pioneer seafaring colonization in
the expansion towards the rest of Europe [Davison K, et al., 2006; Fernandez E, et al.,
2014]. Specifically, our results of the PCoA analysis support a key role for Crete in
the spread of Neolithic farmers through maritime routes from the Near East to
Europe, which is also confirmed by pairwise Fst value comparisons based on
haplogroup frequencies (Table 3.2). The plot on Figure 3.2 clearly separates the
western European and North Caucasus populations from each other and
bidirectionally from the Armenian cluster. These overall results further bolster the
Armenian Highland as a corridor between the two aforementioned regions and the

Near East.



Table 3.2.
Pairwise Fst genetic distances between the populations studied based on the all haplogroup frequencies (P<0.05).

p POPULATION

oS- WA CA EA VAN SAS SAL LBN SYR PSE CYR TUR OS-1 ABH CRE GEO BSQ BEL SIC
WA -
CA -0.003 -

EA 0.014*  0.016* -

VAN 0.006 0.008 -0.002 -

SAS  0.008 0.017* 0.045* 0.041* -

SAL 0.009* 0.007* 0.018* 0.009 0.021* -

LBN 0.030* 0.028* 0.066* 0.045* 0.044* 0.019* -

SYR 0.037* 0.035* 0.082* 0.059* 0.043* 0.025* 0.000 -

PSE 0.090* 0.074* 0.127* 0.106* 0.102* 0.053* 0.022* 0.020* -

CYR 0.086* 0.080* 0.136* 0.115* 0.075* 0.057* 0.029* 0.029* 0.019* -

TUR 0.004 0.010* 0.085* 0.022* 0.011* 0.013* 0.016* 0.022* 0.067* 0.053* -

Os-1 0.286* 0.263* 0.318* 0.362* 0.299* 0.321* 0.273* 0.327* 0.342* 0.323* 0.246* -

ABH 0.130* 0.124* 0.183* 0.190* 0.116* 0.168* 0.174* 0.189* 0.228* 0.184* 0.126* 0.045* -

CRE 0.004 0.013*  0.085* 0.023* 0.024* 0.023* 0.025* 0.032* 0.085* 0.078* 0.002 0.289*  0.145* -

GEO 0.108* 0.108* 0.180* 0.177* 0.100* 0.157* 0.141* 0.150* 0.201* 0.161* 0.100* 0.082* 0.017 0.110* -

BSQ 0.346* 0.336* 0.215* 0.319* 0.406* 0.312* 0.349* 0.436* 0.457* 0.481* 0.310* 0.668* 0.582* 0.361* 0.611* -

BEL 0.174* 0.181* 0.104* 0.141* 0.204* 0.168* 0.237* 0.279* 0.316* 0.317* 0.186* 0.458* 0.334* 0.187* 0.367* 0.084* -
SIC  0.020* 0.030* 0.027* 0.015* 0.044* 0.022* 0.039* 0.056* 0.099* 0.084* 0.014* 0.330* 0.179* 0.013* 0.159* 0.302* 0.147* -
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Figure 3.2. PCoA plot based on pairwise Fst genetic distances calculated from

haplogroup frequencies in the populations of this study.

The plot is based on Fst pairwise genetic distances calculated from frequencies of nine common Y-
chromosomal haplogroups [E1b1b1-M35, E(xE1blbl), G-M201, I-M170, J2-M172, J(xJ2), L-M20,
R1bla2-M269, R(xR1bla2)].

In order to provide a potential genetic explanation for the classification
presented in Figure 3.2, we have conducted a correspondence analysis (Fig. 3.3) on
the haplogroup frequency data in the populations studied (Table 3.1). On the whole,
the patterns of population distribution for the correspondence analysis and PCoA are

nearly identical.
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Figure 3.3. Correspondence analysis plot based on the haplogroup frequency data in
the populations studied.

It was shown that the European cluster, containing the Basques, Sicilians, and
Belgians, is associated with the haplogroups R1bla2-M269 and 1-M170, both widely
spread in Europe, and the former being a marker for the Neolithic migration. The
Caucasus cluster, comprising Abkhazians, Georgians, and Ossetians, is found to be
connected to the haplogroup G-M201, which is also a marker for the Neolithic
migration. The presence of the outlying Armenian population of Sasun in the vicinity
of the Caucasus cluster could be explained by the geographic peculiarities of this
high-mountainous group which resulted in its genetic isolation from other Armenians

during the intervening centuries. Completing the analysis of the haplogroups
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associated with the Neolithic agriculturalists, the lineage J2-M172 appears in between
the European and Caucasus clusters.

The results of the PCoA and correspondence analysis show that the haplogroup
composition of the Near Eastern populations is very similar to that found for the
populations from the Anatolian and Armenian plateaus, as well as those of the
Mediterranean islands. Apparently, the population migration of the first farmers from
the Levant could have been both by land to Anatolia and the North Caucasus, and by
maritime routes via eastern Mediterranean islands towards continental Europe. This
scenario is supported by the result of the comparison of Fsr genetic distance values
based on the frequencies of all haplogroups identified (Table 3.2), showing that the
populations of the Armenian Highland display an intermediate position between the
Near East and Europe, and the Near East and the North Caucasus. Though previous
work based on 15 autosomal STR loci from four Armenian populations (Ararat
Valley, Gardman, Sasun, and Van) [Lowery RK, et al., 2011] derived a potential
Balkan origin for one of these locations (Van), the results of our analysis not only
support the transition zone model of the Armenian Highlands but also the potential
gene flow of some Neolithic markers, shared among Armenians and the Balkan
populations, from the Near East through this region.

Further, in order to obtain deeper insight into the relationships between the
populations observed and to analyze possible routes of expansion, we separately
assessed the distribution patterns of putative Y-chromosomal tracers of the spread of
the first agriculturalists, namely the haplogroups R1bla2-M269, J2-M172, and G-
M201.

3.2. Distribution patterns of the haplogroup R1bla2-M269

The most frequently encountered subclade of the core Y-chromosomal lineage
R-M207, haplogroup R1b1b-M269, is thought to undergone a rapid spread in the
European continent, which resulted in present-day carriage of the haplogroup by 110

million European man. Interestingly, the spatial distribution of the main western
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European Y-chromosomal lineage shows a significant frequency cline from 7% in
Lebanon to 82% in Ireland [Myres NM, et al., 2011, Zalloua PA, et al., 2008a],
though it is also present in trace amounts in the majority of the North Caucasus
populations [Balanovsky O, et al., 2011].

Among the Armenian samples, the haplogroup R1b1b-M269 is one of the most
common lineages, which is frequently encountered in the eastern part of the
Armenian Highland and Van. The rates of frequency and genetic variance within the

haplogroup among considered populations are provided in Table 3.3.

Table 3.3.
Frequency and varience distributions of the haplogroup R1bla2.
Population N Freq Vp
Armenian Highland
WA 148 0.2230  0.4936
CA 200 0.2150 0.3509
EA 416 0.3606  0.3650
Van 103 0.3204  0.2912
Sasun 104 0.1538  0.3948
Salmast 199 0.2362 0.4712
Caucasus
Lezghins 81 0.2963  0.1397
Ossets-Digor 127 0.1575 0.0444
Near East
Lebanon 916 0.0731  0.3930
Anatolia
Turkey 523 0.1453  0.3543
Europe
Romania 330 0.0970  0.3246
Slovakia 276 0.1630 0.2654
England 102 0.7157  0.2610
France 93 0.5161  0.2877
Netherlands 87 0.5057  0.2075
Switzerland 175 0.4743  0.2937
Germany 321 0.4361 0.2888
Denmark 110 0.3636  0.2326
Italy 282 0.3723  0.2545
Ireland 99 0.8182  0.2561
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In contrast, the analysis of haplogroup distribution revealed a decreasing cline of
microsatellite variance from the Levant towards northwest and northeast.
Furthermore, in comparison with all analyzed populations from the Near East,
Europe, and Anatolia, the haplogroup R1bla2-M269 occurs with the highest genetic
variances in the western parts of the Armenian plateau, in Sasun and Salmast (Fig.
3.4).

A

o
w

024
0.18
0.12
0.06

LT TTTT T

o

Figure 3.4. Geographical distribution maps of haplogroup R1bla2-M269
frequencies(A) and genetic variances (B).
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A heatmap plot of Fst genetic distances in the frame of the haplogroup R1bla2-
M269 (Fig.3.5) reveals two large clusters with close genetic affinities. The first
represents a genetic homogeneity of European populations, while the second
encompasses all populations of the Near East. Generally, only the population of
Sasun is slightly different within the last group, likely due to the long centuries of its
aforementioned isolation by geographic barriers. Moreover, in contrast to other
populations of the Near Eastern cluster, the populations of the western part of the
Armenian Highland, Van, Turkey, and Lebanon show a moderate level of genetic
affinity to the central European populations. Indeed, the actual estimates of the Fst
values for the haplogroup R1bla2 place the western region of the Armenian Highland
in a transitional position between the Near East and Europe (Table 3.4). Previous data
on the limited Y-chromosomal and autosomal sharing among the Armenian and
European populations [Yunusbayev B, et al., 2012; Herrera KJ, et al., 2012] should
be considered as a consequence of the absence, in their Armenian datasets, of
populations from the western region of the Armenian Highland.

Previously, genetic relationships between Armenians and comparative
populations were considered mostly on the level of the haplogroup R1b-M343
[Herrera KJ, et al., 2012]. In this context, it was shown that the expansion time
estimates in the Armenian populations (Sasun, Gardman, Ararat Valley, VVan) for the
haplogroup R1b-M343 (calculated using the genealogical mutation rates) are
intermediate to those of the Near East and Europe [Herrera KJ, et al., 2012].
Moreover, it was detected that despite the lowest frequency rates among all
considered Armenian populations, the level of microsatellite variance within the
mentioned lineage in the population of Sasun is the highest, being inferior only to
those for the Near Eastern populations of Jordan and Lebanon. Interestingly,
Multidimensional Scaling Analysis (MDS) plot based on haplogroup frequencies
revealed close proximity of the Armenian populations of Gardman and Van to that
from Eastern Turkey, while the populations of Sasun and Ararat Valley are appeared

to be as outliers in comparison to other studied populations. Though the ethnic groups
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from the western part of the Armenian Highland were not concidered, in general, the
data obtained in the study pointed to the presence of the haplogroup R1b-M343 on
the territory of the Armenian Highland at least since the Neolithic. In this context, our
observations of the distribution patterns for its downstream lineage, haplogroup
R1bla2-M269, support these results.
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Figure 3.5. Heatmap of pairwise Fsr genetic distances, ranging from low (red) to
high (blue), calculated for the haplogroup R1bla2.
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Table 3.4.
Pairwise Fst genetic distances between the populations studied based on the haplogroup R1bla2 (P<0.05).

Pops.

CA
DNK
EA
GBR
FRA
DEU
IRL
ITA
LBN
LEZ
NLD
OS-D
ROM
SAL
SAS
SLK
CHE
TUR
VAN
WA

POPULATION

CA

DNK

EA

GBR

FRA

DEU

IRL

ITA

LBN

LEZ

NLD

0Ss-D

ROM

SAL

SAS

SLK

CHE

TUR

VAN

WA

0.228*
0.037*
0.233*
0.239*
0.240*
0.236*
0.202*
0.084*
0.202*
0.256*
0.382*
0.125*
0.025*
0.049*
0.186*
0.182*
0.034*
0.024*
0.024*

0.164*
-0.002
0.003

-0.004
0.030*
0.012

0.164*
0.339*
0.007

0.541*
0.038*
0.264*
0.321*
0.013

0.014

0.143*
0.291*
0.152*

0.168*
0.162*
0.181*
0.181*
0.121*
0.027*
0.158*
0.215*
0.279*
0.066*
0.036*
0.154*
0.114*
0.123*
0.008*
0.036*
0.016

0.005

0.000

0.008

0.009*
0.161*
0.316*
0.020*
0.491*
0.040*
0.253*
0.313*
0.014*
0.005

0.148*
0.280*
0.155*

0.013*
0.026*
0.013*
0.153*
0.334*
0.053*
0.515*
0.041*
0.270*
0.339*
0.022*
0.010

0.145*
0.277*
0.155*

0.013*
0.018*
0.173*
0.294*
0.003

0.480*
0.047*
0.258*
0.313*
0.022*
0.018*
0.157*
0.291*
0.157*

0.026*
0.180*
0.290*
0.032*
0.525*
0.061*
0.254*
0.320*
0.031*
0.016*
0.154*
0.282*
0.147*

0.125*
0.248*
0.058*
0.453*
0.016*
0.197*
0.313*
-0.001
0.001

0.100*
0.226*
0.105*

0.178*
0.218*
0.374*
0.065*
0.099*
0.167*
0.133*
0.132*
0.020*
0.118*
0.057*

0.371*
0.678*
0.192*
0.228*
0.354*
0.292*
0.267*
0.118*
0.263*
0.123*

0.583*
0.087*
0.307*
0.317*
0.056*
0.051*
0.194*
0.344*
0.191*

0.397*
0.448*
0.581*
0.469*
0.440*
0.341*
0.430*
0.398*

0.150*
0.226*
0.027*
0.025*
0.047*
0.151*
0.052*

0.166*
0.188*
0.185*
0.033*
0.015

0.028*

0.302*
0.284*
0.153*
0.179*
0.144*

-0.003
0.099*
0.218*
0.096*

0.100*
0.207*
0.100*

0.049*
0.002

0.039*



To assess the relationship between the haplotypes, we have conducted a median-
joining network analysis within the haplogroup R1bla2-M269 for the populations of
Lebanon, the western part of the Armenian Highland, Italy, and Ireland, roughly
approximating the path of human Neolithic migrations (Fig. 3.6). The haplotypes of
western Armenian origin are widely scattered and mainly associated with haplotypes
from the Near Eastern (Lebanese) population. In addition, there are four haplotypes
shared between Armenians and Europeans (Ireland and Italy), which was not

revealed in Herrera et al. 2012.
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Figure 3.6. Median-joining network of microsatellite haplotypes within the
haplogroup R1bla2.

Circles represent microsatellite haplotypes, the areas of the circles are proportional to haplotype
frequency (smallest circle corresponds to one individual), and population is indicated by color.



Similarly, the constructed network for the haplogroup R1b-M343 pointed to the
wide distribution pattern of the haplotypes from all four considered Armenian
populations and their genetic association with Near Eastern ones [Herrera KJ, et al.,
2012].

3.3. Distribution patterns of the haplogroup J2-M172

Though both haplogroups J1 and J2 are encountered in the Near East, lineage
J1-M267 is more typical for East African and Arabian populations, having a
decreasing frequency northwards. Alternatively, the majority of European J-M304
lineages belong to its J-M172 subclade that radiated from the Near East. The spatial
distribution of the haplogroup indicates the highest encountered frequencies (>15%)
in the areas between the Near East and the Mediterranean littoral [Semino O, et al.,
2004; Di Giacomo F, et al., 2004]. Similarly, this lineage is also one of the most
common haplogroups in the Caucasus [Balanovsky O, et al., 2011; Nasidze I, et al.,
2004]. In particular, the lineage comprises 59% of the Y chromosomes in the
Chechen population and occurs with the lowest STR variance (14%), likely
representing a strong founder effect signal [Balanovsky O, et al., 2011]. Moreover,
the distribution pattern of the haplogroup is consistent with a Levantine/Anatolian
dispersal route to southeastern Europe and the Caucasus [Semino O, et al., 2004]. By
this definition, the notion of ‘Anatolia,” taken from Cinnioglu et al. [Cinnioglu C, et
al., 2004], actually includes the western and central areas of the Armenian Highland.

The frequency analysis of the haplogroup J2-M172 data within the Armenian
populations shows that it is the most commonly encountered clade in the western and
central areas of historical Armenia (27.7% and 25.5%, respectively) (Fig. 3.7).
Further, the western and eastern parts of the Armenian Highland have relatively high
values of genetic variances, while the highest level among all populations was
detected in Syria, in accordance with the suggested Near Eastern origin of this
haplogroup (Table 3.5) [Semino O, et al., 2004].
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Figure 3.7. Geographical distribution maps of haplogroup J2 frequencies (A) and
genetic variances (B).

The heatmap plot of the Fsr values (Fig. 3.8) within the haplogroup separates a
distinct cluster of western Asian populations (Armenians, Turks, Lebanese, and
Iranians). It also demonstrates a moderate level of genetic similarity between the
majority of Armenian geographic groups (except Sasun) and the European
populations. Our findings also indicate that western Armenians rather than eastern
Armenians have a slightly closer genetic affinity with Greeks and Cretans based on
the absolute values of pairwise Fsr distances. This result contradicts Herrera et al.
2012, who demonstrated a segregation of Armenians from the European populations

mentioned.
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Table 3.5.
Frequency and varience distributions of the haplogroup J2

Population N Freq Vp
Armenian Highland
WA 148 0.2770 0.4534
CA 200 0.2550 0.3563
EA 416 0.2452 0.4317
Van 103 0.2913 0.3819
Sasun 104 0.1731 0.1614
Salmast 199 0.2111 0.3503
Caucasus
Ossets-Iron 230 0.1826 0.3895
Chechen(Dagestan) 100 0.5900 0.1357
Near East
Syria 200 0.2600 0.5644
Lebanon 916 0.2587 0.4210
lran
Iran 324 0.2377 0.3615
Anatolia
Turkey 523 0.2430 0.4085
Balkans and Southern Europe
Malta 187 0.3155 0.4131
Sicily 236 0.2585 0.4821
Crete 193 0.3057 0.5218
Cyprus 165 0.1515 0.4363
Greece 171 0.1462 0.4629

In addition, eastern Armenians rather than western Armenians display closer
genetic proximity to Ossets (relying on the Fsr values). On the whole, the comparison
of Fst genetic distances for the haplogroup J2 indicates that the western Armenian
population occupies an intermediate position between the Near East and Balkans on
one side, and Southern Europe on the other, while eastern Armenia serves as a
genetic bridge between the Levant and the North Caucasus (Table 3.6).

According to the genetic survey of Herrera et al. (2012), the expansion time
esimates for the haplogroup J2-M172 in the Armenian populations generally
corresponds to those for the R1b-M343. On the MDS plot based on Rsr genetic
distances for the haplogroup J2 the Armenian ethnic groups of Gardman, Sasun and

Van are appeared to be among the populations of Turkey, Iran and the Near East,
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while Greeks and Cretans located further from the Armenians. The highest level of
haplotype varience within the haplogroup J2-M172 among considered Armenian

populations was observed in the population of Gardman (based on 8 STR markers).
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Figure 3.8. Heatmap of pairwise Fst genetic distances, ranging from low (red) to
high (blue), calculated for the haplogroup J2.

Median-joining network analysis within the haplogroup J2 for the populations of
Syria, western and eastern parts of the Armenian Highland, Crete, and Chechens
reflects the bifurcation of the haplogroup J2 to two distinct directions from the Near
East: westward and northward, mainly connecting western Armenia to Europe and

eastern Armenia to the North Caucasus (Fig. 3.9).
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Table 3.6.

Pairwise Fst genetic distances between the populations studied based on the haplogroup J2 (P<0.05).

Pops.

CA
CHR
CRE
CYR
EA
GRC
IRN
LBN
MLT
OS-I1
SAL
SAS
SIC
SYR
TUR
VAN
WA

POPULATION

CA

CHR

CRE

CYR

EA

GRC

IRN

LBN

MLT

OS-1

SAL

SAS

SIC

SYR

TUR VAN WA

0.211*
0.041*
0.052*
0.014*
0.062*
0.018*
0.007

0.117*
0.125*
0.013

0.090*
0.042*
0.073*
0.016*
0.002

0.023*

0.252*
0.289*
0.130*
0.296*
0.182*
0.179*
0.312*
0.117*
0.214*
0.274*
0.279*
0.250*
0.189*
0.190*
0.176*

0.068*
0.052*
0.050*
0.023*
0.045*
0.117*
0.180*
0.026*
0.090*
0.043*
0.063*
0.025*
0.061*
0.039*

0.063*
0.077*
0.040*
0.027*
0.184*
0.150*
0.086*
0.117*
0.043*
0.084*
0.078*
0.089*
0.061*

0.064*
0.016*
0.016*
0.122*
0.065*
0.022*
0.072*
0.055*
0.061*
0.021*
0.006

-0.002

0.047*
0.058*
0.148*
0.202*
0.059*
0.130*
0.028*
0.073*
0.043*
0.064*
0.052*

0.006

0.127*
0.116*
0.025*
0.064*
0.015*
0.036*
0.024*
0.025*
0.008

0.126*
0.104*
0.024*
0.093*
0.017*
0.050*
0.029*
0.021*
0.018*

0.248*
0.079*
0.203*
0.128*
0.163*
0.108*
0.102*
0.111*

0.153*
0.227*
0.192*
0.186*
0.122*
0.109*
0.075*

0.091*
0.042*
0.046*
-0.002
-0.001
0.022*

0.118*
0.081*
0.085*
0.098*
0.098*

0.033*
0.050*
0.053*
0.050*

0.061*
0.049*
0.069*

0.014 -
0.017* 0.010 -
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Figure 3.9. Median-joining network of microsatellite haplotypes within the

haplogroup J2.
Circles represent microsatellite haplotypes, the areas of the circles are proportional to haplotype
frequency (smallest circle corresponds to one individual), and population is indicated by color.

Previously, it was shown that in the constructed J2-M172 network samples from
the populations of Sasun and Ararat Valley encountered only with a few haplotypes,
while the haplotypes from the populations of VVan and Sasun are widely scattered and

mainly associated with those from the Near Eastern region [Herrera KJ, et al., 2012].



3.4. Distribution patterns of the haplogroup G-M201

The Y-chromosomal haplogroup G-M201 is widely distributed in the
populations of the Caucasus, the Near East, and Southern Europe, with the highest
frequencies occurring in the North Caucasus (Fig. 3.10) [Balanovsky O, et al., 2011;
Yunusbayev B, et al., 2012]. However, it has a decreasing frequency gradient towards

the Balkans and northern Europe.
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Figure 3.10. Geographical distribution maps of haplogroup G frequencies (A) and
genetic variances (B).
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Our observations indicate that in the central part of the Armenian Highland, the
haplogroup occurs with a relatively high frequency (16%), being inferior by this rate
only to the populations of the North Caucasus. At the same time, the Armenian
sample from the central region of the Armenian Highland has a comparable value of
haplotype diversity (74.5%) with that of the Near Eastern populations of Syria
(88.6%) and Palestine (79.3%) (Table 3.7). Thus, our results support the recently
published data on the origin of this haplogroup in the neighboring areas of eastern
Anatolia, Armenia, and Western Iran [Rootsi S, et al., 2012]. In the previous genetic
survey of the haplogroup distribution patterns it was shown that the majority of the
G-M201samples within considered four Armenian populations belongs to its G2-
P287 branch [Herrera KJ, et al., 2012].

Table 3.7.
Frequency and varience distributions of the haplogroup G.
Population N Freq Vp
Armenian Highland
WA 148 0.1351 0.6352
CA 200 0.1600 0.7453
EA 416 0.0865 0.5375
Van 103 0.0777 0.3661
Sasun 104 0.1250 0.4744
Salmast 199 0.0754 0.5155
Caucasus
Georgia 66 0.5000 0.2476
Abkhazians 162 0.4753 0.4038
Cherkessians 126 0.4524 0.2365
Near East
Palestine 290 0.0862 0.7929
Lebanon 916 0.0655 0.5462
Syria 200 0.0550 0.8864
Iran
Iran 324 0.0679 0.4372
Anatolia
Turkey 617 0.1151 0.3896
Southern Europe
Cyprus 165 0.1333 0.5679
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The heatmap plot of Fst values for the haplogroup G (Fig.3.11) does not identify
distinct clusters of western Asian or European populations. Though the comparison
of Fst values does not conclusively indicate the intermediate position of the central
part of the Armenian Highland for the Neolithic migration from the Near East to the

North Caucasus, it does not reject this possibility either (Table 3.8).

0.09897 0.04949

Figure 3.11. Heatmap of pairwise Fst genetic distances, ranging from low (red) to
high (blue), calculated for the haplogroup G.
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Table 3.8.

Pairwise Fst genetic distances between the populations studied based on the haplogroup G.

Pops Population
" ABH CA CHK CYP EA GEO IRN LBN PSE SAL SAS SYR TUR VAN WA
ABH -
CA 0.024* -
CHK 0.022* 0.056* -
CYP 0.028* 0.033* 0.052* -
EA 0.013* 0.017* 0.040* 0.024* -
GEO 0.001 0.026* 0.036* 0.029* 0.013* -
IRN 0.018* 0.021* 0.052* 0.026* 0.008 0.012 -
LBN 0.011* 0.015* 0.039* 0.023* 0.007* 0.012* 0.012* -
PSE 0.020* 0.024* 0.051* 0.032* 0.014* 0.022* 0.021* 0.013* -
SAL 0.015* 0.016* 0.047* 0.027* 0.003 0.017* 0.010 0.008* 0.015* -
SAS 0.063* 0.045* 0.099* 0.068* 0.058* 0.068* 0.066* 0.051* 0.065* 0.062* -
SYR 0.010 0.016  0.043* 0.019 0.004 0.012 0.011 0001 0.011 0.005 0.059* -
TUR 0.011* 0.019* 0.038* 0.024* 0.009* 0.013* 0.012* 0.007* 0.018* 0.013* 0.057* 0.007 -
VAN 0.011 0.013 0.045 0.024 -0.010 0.007 0.000 0.000 0.011 0.005 0.061* 0.000 0.006 -
WA 0.012* 0.016* 0.043* 0.027* 0.009* 0.010 0.014* 0.005 0.015* 0.010 0.039* 0.005 0.012* 0.006 -



The constructed median-joining network within the haplogroup G (Fig. 3.12)
reveals the highest level of scattering for the central Armenian haplotypes among
various neighboring populations (Palestinians, Cherkessians, Iranians), which is
expected under the assumption of local origin of this lineage. Furthermore, the
network clearly shows the presence of a founder effect among the North Caucasian

Cherkessian population who shares their ancestral haplogroup with Armenians.
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Figure 3.12. Median-joining network of microsatellite haplotypes within the
haplogroup G.

Circles represent microsatellite haplotypes, the areas of the circles are proportional to haplotype
frequency (smallest circle corresponds to one individual), and population is indicated by color.



3.5. Ancestral components of population’s gene pool based on genome-wide
autosomal data

Genome-wide autosomal data of Armenians and reference populations were
analyzed using a structure-like [Pritchard JK, et al., 2000] clustering approach by
inferring the most likely number of genetic clusters and mixing proportions. The
assessed genetic structure of populations from ADMIXTURE with K=6 identified
that Armenians have three ancestry components differently contributed to their
genetic makeup, namely the Near Eastern (shown in light orange, Fig. 3.13),
Caucasus (orange), and European (blue) ones. In agreement with previous genetic
studies [Behar DM, et al., 2010; Yunusbayev B, et al., 2012], it was revealed that
Armenians are the only population in the Caucasus that have the widest presence of
the major ancestry component of the Near Eastern populations, which is almost
absent in the populations of Chechens and Lezgins. Similarly to the Near Eastern
component, the Caucasus ancestry is also ubiquitously present among all considered
Armenian populations, while the European one is encountered only with a trace

frequency rates.

In the previous genetic study it was indicated that Armenians share North and
East African ancestry component, the appearance of which was explained as the
introduction of a genetic component novel to the region [Yunusbayev B, et al., 2012].
However, the results of our ADMIXTURE analysis did not support this conclusion.
Also we detected the absence of genetic ancestry component from the Central Asia in

all our Armenian samples.
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3.6. Armenians’ relationship to modern and ancient world populations

In agreement with the results based on Y-chromosomal analysis, the autosomal
PCA plot placed present-day Armenians in the intermediate position between modern
Near Eastern populations and oppositely directed European and Caucasian clusters
(Fig. 3.14). Futhermore, the same pattern was detected for the ancient Armenian
samples, thus indicating the genetic continuity of the populations of East Armenia
since the Bronze Age. Moreover, on the genetic landscape, all Armenian populations
appeared to be in one cluster, which supports the results of the ADMIXTURE
analysis.

In general, the populations of Kurds, Turks, Azeris, and Iranians are located in
close proximity to each other, flanked by Armenians. This pattern is a consequence of
absence in our dataset populations from the South and Central Asia, which appeared
to be closer than Armenians to the abovementioned populations [Yunusbayev B, et
al., 2012]. In general, the pattern is in accordance with the results of previously
conducted PCAs on the Armenian data [Behar DM, et al., 2010; Yunusbayev B, et
al., 2012] with the only difference that in the former paper the analysed dataset of
Armenians is not structurally homogeneous.

Interestingly, Yamnaya samples from Samara appeared to be very close to
ancient Armenian Bronze age sample that confirms previous results of common
ancestry for Yamnaya and Armenian samples [Haak W, et al., 2015; Allentoft ME, et
al., 2015]. It was revealed that the only admixture pattern in Yamnaya population is
detectable when using the Bronze Age Armenians and Upper Paleolithic Mal’ta as
sourse populations [Allentoft ME, et al., 2015]. Within the plot, the Yamnaya
samples are located in an intermediate position between the Caucasus (CHG) and
Eastern (EHG) hunter-gathereres. It was estimated that the split between CHG and
early farmers (EF) was approximately 20-30 KYA [Jones ER, et al.,, 2015].
Moreover, it was suggested that the Caucasus hunter-gatherers belong to a disticnst
ancient clade that split from western hunter-gathereres (WHG) about 45 KYA. Thus,



WHG and CHG are the descendants of two different ancient populations that

separately survived the Last Glacial Maximum.
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Figure 3.14. Plot of the first and second components of the PCA of the Armenian and

comparative populations.
Analysis based on genome-wide autosomal data, with the median representation for all populations.

It was suggested that CHG left their imprint on the genomes of Yamnaya people
who migrated to Europe around 3,000 BC. While considering the modern
populations, CHG markedly contributed to the genetic makeup of populations from
the Caucasus and Central and South Asia. Thus, through the Yamnaya steppe herders,

the CHG ancestral are the divergent fourth strand of Europeans.
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Moreover, ancient Armenian samples from eastern part of the Armenian
Highland appeared to be close to European early farmers and CHG samples, which
confirm our suggestion on the role of the region in Neolithic human migration

towards Europe and the North Caucasus.

78



CONCLUSION

The transition from hunting and gathering to agricultural communities was one
of the most important landmarks in prehistory of mankind, which profoundly altered
human societies around the world [Ammerman AJ and Cavalli-Sforza LL, 1971,
Diamond J and Bellwood P, 2003; Bellwood P and Oxenham M, 2008]. From the
Fertile Crescent, the region where agriculture is thought to have originated some 10
KYA, this technology spread westward into Europe and northward into the Caucasus,
during what has become known as the Neolithic Revolution [Ammerman AJ and
Cavalli-Sforza LL, 1984; Riehl S, et al., 2013]. However, the nature and chronology
of this transition is a matter of continuing scientific debate in archaeology,
anthropology, and human population genetics. Specifically, the question of the routes
for agricultural migration, including different directions and waves, remains
controversial and requires further comprehensive study to be answered. The only
widely accepted idea is that the actual scenario was undoubtedly multifacet and
complex.

In this work, we consider the role of the Armenian Highland, a region at the
crossroad of Europe and the Middle East, in the spread of Neolithic farmers from the
Fertile Crescent. Within this framework, we have assessed the patrilineal genetic
makeup of Armenians and other populations of the region roughly covering the area
of possible directions of Neolithic farmers™ migrations from the Fertile Crescent. To
fulfill one of our main objectives, we have identified the Y-chromosomal lineages
with the highest contribution to the differentiation of populations from the Near East,
the North Caucasus, Anatolia and Europe. While comparing the distribution patterns
of these specific paternally inherited haplogroups, which are the genetic markers of
Neolithic spread, in the populations studied, we managed to trace back the possible
migration routes of the first agriculturalists. As biparentally transmitted genetic
markers enable to get more detailed insight into a human population history, we

characterized genetic variation of modern and ancient populations from the
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considered region by analyzing genome-wide high-density genotype data. Based on
the results of analysis of both uniparentally (paternal) and biparentally (autosomal)
inhereted traits we have reconstructed the plausible directions and waves of Neolithic
movements that had taken place via the Armenian Highland towards Europe and the
North Caucasus.

To address these questions, we generated the Y-chromosomal and genome-wide
data from self-identified ethnic Armenians, roughly representing the whole area of
the Armenian Highland. Our choice of Armenians as an indigenous ethnic group of
the region is justified by the results of recent genetic surveys [Hellenthal G, et al.,
2014; Haber M, et al., 2015], where the absence of any significant admixture events
for Armenians over at least the past 4 KYA was detected. Having included in our
datasets the DNA samples acquired from human fossils we intended to check the
existence of genetic continuity between the ancient and modern populations of the
region. Specifically, we used ancient Armenian samples, dated to Bronze Age and
excavated in the eastern part of the Highland.

On the whole, Y-chromosomal haplogroup composition and calculated genetic
distance values based on the frequencies of all haplogroups pointed to the
intermediate position of the populations from the Armenian Highland between the
Near East and Europe, and the Near East and the North Caucasus. Moreover, a
significant prevalence of the Y-chromosomal haplogroups, associated with the
advance of Neolithic farmers from the Near East, was revealed in all Armenian
populations. In particular, the haplogroups R-M269, J2, and G, which are considered
as putative genetic markers of the Neolithic migration, represent the most common
lineages in the all Armenian populations, together accounting for 50-70% of the
sampled groups. This pattern, coupled with dozens of Neolithic archaeological
artifacts, indicates the continuous habitation of the Armenian Highland since the
dawn of the Neolithic [Dolukhanov P, et al., 2004; Herrera KJ, et al., 2012].
Visualization of genetic distances between the observed ethnic groups revealed that

the populations of the Armenian Highland, the Near East, and Eastern Europe appear
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to be in one extensive cluster with a clear geographic gradient from the Near East
towards the northwest. Besides, the populations of Western Europe and the North
Caucasus are separated from each other and bidirectionally from the Armenian
populations. The same pattern of populations distribution was obtain while using
another multivariate approach (correspondence analysis), which allowed concluding
that the haplogroup composition of the Near Eastern populations is very similar to
that found for the populations from the Anatolian and Armenian plateaus, as well as
those of the Mediterranean islands. This result possibly points to a long-term genetic
continuity, persistent since at least the Neolithic. Concerning the routes of
agricultural dispersal, we could state that the seafaring played an important role in the
colonization of Europe. This conclusion was based on the result of genetic
comparisons which indicated the intermediate position of the populations from the
Mediterranean islands, namely Crete and Cyprus, between the Near Eastern and
European ones.

Considering the question of various haplogroup contributions to the populations’
differentiation, it was shown that the European cluster, comprising Basques,
Sicilians, and Belgians, is connected to the haplogroups R1b1a2-M269 and I-M170,
which are frequently encountered in Europe, and the former being a marker for the
Neolithic migration. In this context, the Caucasus cluster, containing Abkhazians,
Georgians, and Ossetians, is found to be associated with another genetic marker of
Neolithic migration, namely the haplogroup G-M201. Meanwhile the third genetic
tracer of agricultural dispersal, the lineage J2-M172, appears in between the
European and Caucasus clusters.

More detailed analysis on the distribution patterns of the genetic markers of
Neolithic migration revealed that the haplogroup R1bla2-M269 is the most
frequently encountered lineage in all Armenian samples, except Sasun, which differs
from others due to the predominance of haplogroup T. On the whole, the spatial
occurrence of the main western European Y-chromosomal lineage, R1bla2-M269,

shows a significant positive frequency cline from the Near East towards Europe. In

81



contrast, a negative cline of genetic variation within the haplogroup is detected from
the Levant towards northwest and northeast. Moreover, in comparison with all
considered populations from the Near East, Europe, and Anatolia, the haplogroup
R1bla2-M269 occurs with the highest genetic variances in the populations of the
Armenian Highland, namely from the western parts of the area, Sasun and Salmast.
Worth mentioning that comparison of genetic distances based on the haplogroup
variation values places the western part of the Armenian Highland in a transitional
position between the Near East and Europe.

The Y-chromosomal haplogroup J2-M172 it widely distributed in the
populations of Mediterranean littoral and the Caucasus, while the highest levels of
genetic variances are detected in the Near East that is in accordance with the
suggested origin of the lineage in this region [Semino O, et al., 2004]. It was also
shown that the J2-M172 clade is the most commonly encountered one in the
populations of western and central parts of the Armenian Highland, and the relatively
high values of its genetic variances are detected in the western and eastern regions of
the plateau. In addition, the comparison of genetic distances based on haplogroup
diversity estimates pointed to an intermediate position of the western Armenian
population between the Near Eastern and Southern European ones, while the eastern
Armenian population serves as a genetic link between the Levant and the North
Caucasus.

The spatial distribution of the haplogroup G-M201 shows that its relatively high
frequency values are encountered in the populations of central part of the Armenian
Highland, being inferior by this rate only to the populations of the North Caucasus.
The highest estimates of the haplogroup diversity values were found in the Armenian
and Near Eastern populations, which support recently published data on the origin of
the lineage in the neighboring areas of eastern Anatolia, Armenia, and Western Iran
[Rootsi S, et al., 2012]. The comparison of genetic distances based on the

microsatellite diversity within the lineage does not reject the possibility of an

82



intermediate position of the central part of the Armenian Highland for the Neolithic
spread from the Levant towards the North Caucasus.

Summarizing, our observation on the Y-chromosomal structure in
geographically different Armenian populations suggests that the Armenian Highland
served as a transitional corridor for at least two distinct pathways of migration for
Neolithic farmers from the Near East westward and northward. The movement to
Europe took place predominantly via the western region of the Armenian Highland
alongside the coastline of the Mediterranean Sea, which is supported by the spatial
distribution pattern of the haplogroup R1bla2-M269. The migration to the North
Caucasus occurred mainly across the central and eastern regions of the Armenian
Highland, which is shown by the geographical distribution of haplogroup G-M201. In
addition, we identified a distinct Neolithic wave of bidirectional expansion to Europe
and the North Caucasus associated with the haplogroup J2-M172. Thus, based only
on Y-chromosomal markers, at the initial stage of the Neolithic migration from the
Levant, different directions and waves of population movement could be identified in
the Armenian Highland (Fig. 3.15).

Figure 3.15. Different waves and directions of Neolithic migration from the Fertile

Crescent.
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Genetic ancestry analysis based on genome-wide autosomal patterns of
Armenians and reference populations has identified that all populations of the
Armenian Highland have three ancestry components contributed to their genetic
makeup, namely the Near Eastern, Caucasus, and European ones. It was shown that
Armenians, unlike the other populations of the Caucasus, have the widest presence of
the Near Eastern ancestry component, which is in agreement with the previous
studies [Behar DM, et al.,, 2010; Yunusbayev B, et al., 2012]. In all Armenian
populations, the Caucasus ancestry component has almost the same rate of
contribution as the Near Eastern one, while the European component is encountered
in @ much less amount. Similarly to the multivariate analysis based on Y-
chromosomal data, the results based on autosomal genome-wide markers placed
modern Armenians in the intermediate position between the modern Near Eastern
populations, on the one side, and oppositely directed European and Caucasian
clusters, on another side. On the genetic map, the Bronze Age Armenian samples also
occupy a position in between the populations of the Near East and Europe/Caucasus.
Interestingly, Yamnaya samples from Samara appeared to be very close to ancient
Armenian Bronze age samples, that confirms previous results of common ancestry
for Yamnaya and Armenian samples [Haak W, et al., 2015].

Thus, relying on combined results of analysis of paternallly and biparentally
transmitted genetic markers, it was detected that at least, two principal Neolithic
migratory directions: (1) westward — alongside the coastline of the Mediterranean Sea
and (2) northward — to the North Caucasus. Moreover, we assumed that the
population movement of the first farmers from the Levant could have taken place
both by land through Anatolia and the North Caucasus via the Armenian Highland,

and by maritime routes via eastern Mediterranean islands towards continental Europe.
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. 'Y-chromosomal haplogroup composition of geographically different Armenian
groups indicates their close genetic proximity to the Near Eastern populations.
The Europeans and North Caucasians, being genetically distant from the
Levant populations, occupy different positions from the Armenian cluster,
which in its turn has an intermediate location between the Levant and
Europe/Caucasus.

. Majority of the paternal genetic pool of Armenians is presented by Neolithic
Y-chromosomal haplogroups that have the highest contribution to the genetic
differentiation of populations from the Middle East, Europe and the North
Caucausus.

. Distribution patterns of Neolithic Y-chromosomal haplogroups indicate an
intermediate position of the Armenian populations between the Near East and
Europe/Caucasus, pointing to the transitional role of the Armenian Highland
for first farmers’” migration from the Levant.

. Armenians’ genetic makeup based on genome-wide autosomal SNP data
mainly consists of the Near Eastern and Caucasus components, of which the
former has relatively higher contribution in comparison with the populations of
the North Caucasus. This pattern is in congruence with that based on the Y-
chromosomal markers.

. Transitional role of the Armenian Highland in the migration of the Neolithic
farmers is further supported by the genome-wide autosomal structure of
Bronze Age Armenians, which occupy an intermediate position between the
populations of the Near East and Europe/Caucasus.

. Armenian Highland served as a transitional corridor for at least two distinct
pathways of migrations for the Neolithic farmers from the Near East westward
and northward. The movement to Europe took place predominantly via the
western region of the Highland, while the direction to the North Caucasus

occurred mainly across the central and eastern regions of the Armenian
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plateau. A distinct Neolithic wave of bidirectional movement to Europe and the

North Caucasus was also identified.
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