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Abstract: We present an integrative genetic history of the Southern Arc, an area divided 
geographically between West Asia and Europe, but which we define as spanning the culturally 
entangled regions of Anatolia and its neighbors, in both Europe (Aegean and the Balkans), and in 
West Asia (Cyprus, Armenia, the Levant, Iraq and Iran). We employ a new analytical framework 
to analyze genome-wide data at the individual level from a total of 1,320 ancient individuals, 731 5 
of which are newly reported and address major gaps in the archaeogenetic record. We report the 
first ancient DNA from the world’s earliest farming cultures of southeastern Anatolia and 
northern Mesopotamia, as well as the first Neolithic period data from Cyprus and Armenia, and 
discover that it was admixture of Natufian-related ancestry from the Levant—mediated by 
Mesopotamian and Levantine farmers, and marked by at least two expansions associated with 10 
dispersal of pre-pottery and pottery cultures—that generated a pan-West Asian Neolithic 
continuum. Our comprehensive sampling shows that Anatolia received hardly any genetic input 
from Europe or the Eurasian steppe from the Chalcolithic to the Iron Age; this contrasts with 
Southeastern Europe and Armenia that were impacted by major gene flow from Yamnaya steppe 
pastoralists. In the Balkans, we reveal a patchwork of Bronze Age populations with diverse 15 
proportions of steppe ancestry in the aftermath of the ~3000 BCE Yamnaya migrations, 
paralleling the linguistic diversity of Paleo-Balkan speakers. We provide insights into the 
Mycenaean period of the Aegean by documenting variation in the proportion of steppe ancestry 
(including some individuals who lack it altogether), and finding no evidence for systematic 
differences in steppe ancestry among social strata, such as those of the elite buried at the Palace 20 
of Nestor in Pylos. A striking signal of steppe migration into the Southern Arc is evident in 
Armenia and northwest Iran where admixture with Yamnaya patrilineal descendants occurred, 
coinciding with their 3rd millennium BCE displacement from the steppe itself. This ancestry, 
pervasive across numerous sites of Armenia of ~2000-600 BCE, was diluted during the ensuing 
centuries to only a third of its peak value, making no further western inroads from there into any 25 
part of Anatolia, including the geographically adjacent Lake Van center of the Iron Age 
Kingdom of Urartu. The impermeability of Anatolia to exogenous migration contrasts with our 
finding that the Yamnaya had two distinct gene flows, both from West Asia, suggesting that the 
Indo-Anatolian language family originated in the eastern wing of the Southern Arc and that the 
steppe served only as a secondary staging area of Indo-European language dispersal. The 30 
demographic significance of Anatolia on a Mediterranean-wide scale is further documented by 
our finding that following the Roman conquest, the Anatolian population remained stable and 
became the geographic source for much of the ancestry of Imperial Rome itself. 
One-Sentence Summary: A genetic history of the first farmers, early Indo-Europeans, Greco-
Romans, Turks and Armenians between Europe and West Asia. 35 
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Main Text: The Histories of Herodotus of Halicarnassus—a native of a Greek colony on the 
Aegean coast of Anatolia—begin (Hdt. 1.4) with an account of the conflicts between Europe and 
Asia that anticipated his main topic of the Greco-Persian Wars of the 5th century BCE. The sharp 
distinction made in Herodotus’s work, between Europe and Asia, has survived in the worldview 
of succeeding generations despite its being a convenient narrative tool rather than a 5 
topographical or geological reality. From the vantage of this binary distinction, the Balkans and 
Anatolia are seen as peripheral to Europe and Asia respectively, rather than central to an 
interconnected region spanning both continents. Here we take a different view by providing a 
systematic genetic history of what we refer to as the “Southern Arc” (SA), a region centered on 
the large Anatolian peninsula (Turkey), including in the west Southeastern Europe (the Balkans 10 
and the Aegean), and in the east and south Cyprus, Mesopotamia, the Levant, Armenia, and Iran. 
We present new genome-wide DNA data from 783 individuals from the SA: 731 previously 
unsampled and 52 previously published for which we report new data (Data S1) from 1,398 new 
libraries (Data S2). For 239 individuals we provide new radiocarbon dates (Data S3). We study 
these along with previously published individuals for a total sample size of 1,320 (Fig. 1).  15 

Our sampling includes all major geographical regions of Turkey, with particular density from the 
western (Aegean, Marmara), northern (Black Sea) and eastern (Eastern Anatolia, Southeastern 
Anatolia) regions connecting it with the rest of the SA. Our data allow us to study Anatolia 
across all time periods from the previously unsampled Pre-Pottery Neolithic (PPN) of its 
southeastern extreme (northern Mesopotamia), through post-medieval times. We also report on 20 
another set of PPN period individuals from the island of Cyprus, resolving questions around the 
ancestral origins of some of the world’s first farmers who lived in a location geographically 
intermediate between Europe, Anatolia, and the Levant. An area of emphasis is Armenia with 
substantial sampling of the Bronze and Iron Ages representing an order of magnitude more 
individuals than previously available, and also including the first Neolithic-era individuals from 25 
this region. Many individuals of Bronze-to-Iron Age timeframe are also sampled from the 
Iranian highlands at Hasanlu, where only a single individual has previously been studied (1), and 
Dinkha Tepe, neighboring Anatolia, Mesopotamia, Armenia and the Caucasus. In the southern 
part of southeastern Europe we sample Mycenaean-era individuals from several regions of the 
Aegean, including Attica, Kastrouli near Delphi in Phokis, and the “Palace of Nestor” at Pylos, 30 
including the “Griffin Warrior”(2), and a previously unreported individual of the Middle Minoan 
period from Zakros in Crete. From the southern Balkans, we present a novel full time transect of 
Albania, numerous individuals from North Macedonia where previously data from only a single 
Neolithic individual had been published,(3) as well as more than doubling the previously 
available individuals from Bulgaria. Further north, at the western wing of the SA, we sample 35 
individuals from Croatia, Montenegro, and Serbia, in the west, and Romania and Moldova in the 
east, which interface with the extensively studied worlds of Central Europe and the Eurasian 
steppe: >100 Bronze Age individuals, including many from Cetina Valley and Bezdanjača Cave 
in Croatia are added to only 5 previously published from the entire area.(3, 4) Some of the 
Balkan individuals include Yamnaya culture individuals from Serbia and Bulgaria, allowing us 40 
to compare them with those of the Eurasian steppe. Details of all studied individuals can be 
found in(5).  
 
To discuss the geographic distribution of these individuals, we take a flexible approach, in some 
case using the names of ecological or topographical regions and in others the names of present-45 
day countries depending on how well these align with genetic patterns; in some cases, we also 
use more specific regional location information to be more precise(6). In the interests of having a 
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uniform nomenclature that is easily accessible to readers familiar with the current political map 
of the SA, we also refer to groups of individuals with namings prefixed with 3-letter 
International Standards Organization (ISO) codes for countries Fig. 1). Multiple toponyms have 
been used for the same sites during the Southern Arc’s long history, and we typically choose 
labels appropriate for the period and/or present-day usage.  To designate the period in which 5 
individuals lived, we use archaeological designations that are conventional for each region, e.g., 
Eneolithic and Chalcolithic both denote copper-using cultures in different parts of the 
archaeological literature, and the transition between them and the Bronze Age did not occur 
simultaneously in different parts of the Southern Arc. Any ambiguities may be resolved by 
referring to the precise geographical and temporal information or archaeological context for all 10 
individuals provided in Data S1, which also includes additional information about the 
individuals’ genetic characteristics. 
 
Overview of genetic variation in the Southern Arc 
To understand genetic variation in the SA, we began with ADMIXTURE (Fig. 1C, Fig. S1) 15 
analysis, which allowed us to detect individuals with non-West Eurasian-related ancestry(5) and 
to outline the broad pattern of ancestry in terms of “Balkan hunter-gatherer” (BHG), “Eastern 
European hunter-gatherer” (EHG), Anatolian-Levantine-related, and Iran/Caucasus-related 
components. Principal components analysis (Fig. 1D) of SA individuals together with other West 
Eurasian individuals demonstrate the central position of the SA within the continuum of West 20 
Eurasian variation, with a long “bridge” of individuals joining Europe (left) to West Asia (right), 
but with individuals spread across the entire range of variation. 
 
To quantify the ancestry of SA individuals, we developed a 5-source modeling framework (using 
qpAdm and F4admix) (5) that is able to both model the SA population as a whole and as 25 
individuals. Our framework aims to maximize the quality of the statistical fit of the model while 
minimizing the standard errors in inferences of ancestry proportions for as large a number of 
individuals as possible: we emphasize that the inferred source populations are only surrogates for 
the true sources and may not be directly ancestral to later groups. One advantage of the approach 
is that it does not group individuals arbitrarily into fixed populations, but allows one to study 30 
these flexibly at any desired level of granularity. The five sources of ancestry in our model are: 
Caucasus hunter-gatherers (CHG),(7) EHG,(8, 9) Levantine PPN,(10) BHG from the Iron Gates 
in Serbia(3), and Northwestern Anatolian Neolithic from Barcın(9); the inferred proportions of 
ancestry for individuals (Data S4) are summarized in Fig. S2 and discussed in(5).  
 35 
We summarize key genetic inferences drawn by our study in Table 1 and in what follows. 
 
The Neolithic continuum 
Previous studies have shown that the Neolithic population of northwestern Anatolia(9, 11) was 
related to the Neolithic and Epipaleolithic population of Central Anatolia(12-14) and this 40 
“Anatolian Neolithic” cluster was the main ancestry source for the Neolithic populations of 
southeastern Europe which then spread more broadly across Europe.(3) At the eastern end of the 
SA, a highly differentiated population of farmers lived in Iran(10), related to the CHG.(7) The 
Levantine PPN was related to the NW Anatolian Neolithic population, but could be derived to a 
great degree from local Epipaleolithic Natufian hunter-gatherers.(10)  45 
 
Our study fills the vacuum in the heartland of the SA, between the Anatolian/Zagros/Levant 
edges, and reveals the existence of hitherto unknown intermediate populations both by the 5-way 
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admixture model and the co-analysis of Neolithic populations without assumptions of which one 
is admixed or not(5), thus avoiding “publication order bias”, i.e., the tendency to update 
published models to accommodate new data rather than always infer models anew. PPN farmers 
from northern Mesopotamia (Boncuklu Tarla near Mardin in southeastern Turkey and Nemrik 9 
in northern Iraq) were admixed between the Iran/Caucasus northern end and Anatolian/Levantine 5 
southern end of the West Asian cline, and so were Neolithic individuals from Armenia and 
Azerbaijan (Fig 1). The two sampled 6th millennium BCE individuals from Aknashen and Masis 
Blur (Armenia) differed in being more Caucasus- and Levant-like respectively despite being 
sampled only ~20km and a few centuries apart; thus, the  Neolithic of Armenia was not 
homogeneous but exhibited variation which also encompassed its neighbors in Azerbaijan.(15) 10 
The Armenia and Azerbaijan Neolithic individuals differed from the much earlier 9th and 8th 
millennia BCE pre-pottery farmers from northern Mesopotamia in having more Anatolian  
ancestry whereas the contemporary pre-pottery farmers from the north Zagros at Bestansur and 
Zawi Chemi Shanidar in Iraq had minimal Anatolian ancestry and were genetically intermediate 
between the Levant and early farmers of the central Zagros from Ganj Dareh.(10) Finally, we 15 
report the first PPN individuals from the island of Cyprus: these individuals, whose fragmentary 
remains were disposed of within a disused water well at from Kissonerga-Mylouthkia, were 
geographically intermediate between Anatolia and the Levant within the Eastern Mediterranean, 
but resembled the Neolithic of Central Anatolia more than that of the Levant.  
 20 
The newly reported Neolithic individuals from West Asia prove that genetically intermediate 
populations had already existed in this archaeologically interconnected region(16) in the earliest 
Neolithic in what must have been a continuum of ancestry encompassed by the highly 
differentiated previously known Paleolithic West Asian sources of Caucasus-Iran, Anatolia, and 
the Levant(7, 9, 10) (Fig. 1E). This continuum was generated by admixture from a Natufian-25 
related source(5)  via intermediaries: maximally in the formation of the Levantine PPN 
population (~80%) and ~44% of the ancestry of the North Mesopotamian PPN population, which 
then contributed variably (~30-70%) to the PPN populations of Central Anatolia(13, 14), 
complementing the local hunter-gatherer ancestry represented by the Epipaleolithic sample from 
Pınarbaşı. The ancestry in the pottery Neolithic populations of Anatolia at Barcın(9) and 30 
Çatalhöyük,(14) also included a 3rd source of ~13-17% Levantine PPN ancestry, differentiating 
them from the Anatolian PPN populations which lacked this component. Thus, at least two 
migration waves transmitted Natufian ancestry northwestward: one well-modelled as 
Mesopotamian-only, mediating the spread of the PPN, and one more Levantine in ancestry 
mediating the spread of the pottery Neolithic. 35 
 
The rich history of admixture that formed West Asian Neolithic populations presents an 
important reminder that the modeling of later populations in terms of the 5-way model, to which 
we now turn, should not be interpreted as indicating recent admixture, but rather trends of 
ancestral composition across different individuals using a common measuring instrument. 40 
 
The Caucasus and Anatolian bridges 
We discuss our results on individuals from the Chalcolithic and Bronze Age in terms of two 
geographical bridges connecting West Asia and Europe: the Caucasus bridge linking West Asia 
via the South and North Caucasus to the Eurasian steppe in the east (Fig. 2A; Figs. S3, S4), and 45 
the Anatolian bridge linking West Asia via Anatolia and the Aegean to the Balkans in the west 
(Fig 2b). Tracing the Caucasus bridge from the steppe southwards, we see that EHG ancestry 
predominates in the north, is drastically reduced in the Maykop cluster of the North 
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Caucasus(17), is present in Armenia, is minimal in Iran, and is virtually non-existent in Anatolia 
and the Levant. Conversely, CHG ancestry is ubiquitous across the Caucasus bridge, higher in 
the south, but also comprises nearly half of the ancestry in the steppe Yamnaya cluster and the 
piedmont of the North Caucasus at Progress-2(17) and far beyond it in the Eneolithic at 
Khvalynsk.(9) CHG ancestry became widespread in the steppe at the earliest in the 6th 5 
millennium BCE, given the presence of an EHG hunter-gatherer at Lebyazhinka IV in the 
Samara region(8) in the first half of that millennium and the appearance of the CHG-admixed 
Eneolithic individuals at its end and into the 5th millennium BCE. CHG ancestry was present in 
the Neolithic of Armenia, Azerbaijan, and Mesopotamia discussed above, and made its 
appearance in the Levant by the Chalcolithic of the late 5th millennium BCE.(18)  10 
 
Anatolia was inhabited by contrasting Northwest (Marmara region) and Mesopotamia (Southeast 
region) populations sampled for the first time in our study for the Neolithic, with Central 
Anatolia being similar overall to the Northwest.(12, 13) During the Chalcolithic and Bronze Age, 
SE Anatolia was composed of a CHG/Levantine mix, but with some NW Anatolian ancestry. 15 
Conversely, in the Central and NW regions, CHG ancestry became the second most prevalent 
component. The Chalcolithic was a period of homogenization within Anatolia in which “eastern” 
ancestry flowed westward across the peninsula, reaching the very west by the early 4th 
millennium BCE. CHG ancestry also crossed into Europe by the Bronze Age, when it was 
present in the Aegean and the Balkans. Southeastern Europe experienced an influx of EHG 20 
ancestry southward from the steppe, penetrating across the Balkans and—to a lesser extent—the 
Aegean, but it did not cross into Anatolia (from the west) to the limits of our resolution. 
 
The two bridges linking West Asia and Europe were not bidirectional with regard to their 
demographic impact but instead were both characterized by the impermeability of Anatolia to 25 
exogenous gene flow, which could be explained by either a large and stable population base that 
attenuated the demographic impact of external migration, or cultural factors impeding migration 
altogether. The asymmetry of migration between Anatolia and its neighbors is evident for 
example in the fact that CHG-related ancestry flowed westward across Anatolia into the Balkans 
and northward into the Eurasian steppe, but BHG ancestry did not flow into Anatolia or further 30 
eastward, and EHG ancestry entered West Asia only as far south as Armenia and to a lesser 
extent Iran, but not into Anatolia (from the east) or the Levant. The source of CHG ancestry in 
the Chalcolithic and afterward need not have been a recently expanding population, considering 
that CHG ancestry was present in the Caucasus since at least the Upper Paleolithic, as well as in 
northern Mesopotamia since at least the PPN period. At most, we can speak of expansions out of 35 
the general area of the Caucasus-Mesopotamia-Zagros northwards (into the steppe) and 
westwards (across Anatolia and into the Levant).  
 
The steppe itself did not receive only CHG ancestry, as Yamnaya-cluster individuals ~3000BCE 
there have an excess of Anatolian (3±1%) and Levantine (3.5±1%)-related ancestry (Fig. 2A,D) 40 
not present in the aforementioned 5th millennium Eneolithic individuals in our general 5-source 
model. This inference is further supported by our analysis of Yamnaya origins(5) which indicates 
that they derived ancestry from at least two southern sources: an early Eneolithic one of CHG 
ancestry only, and a later (some time prior to the formation of the Yamnaya cluster) that also 
included Anatolian/Levantine-related ancestry (distally), ancestry related to the Neolithic of 45 
Armenia, which included both of these components (more proximally), and Chalcolithic 
populations of the Caucasus to SE Anatolia (even more proximally). Archaeological evidence 
documents how steppe populations interacted culturally with European farmer groups in the west 
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such as the Tripolye-Cucuteni and Globular Amphora, and it was previously suggested that 
ancestry from such groups contributed to the ancestry of the Yamnaya.(17) Our genetic results 
contradict this scenario, as European farmers were themselves a mixture of Anatolian Neolithic 
and European hunter-gatherer (BHG or EHG) ancestry, but the Yamnaya: (i) lacked the 
European hunter-gatherer ancestry differentiating European from West Asian farmers, and (ii) 5 
had an approximately 1:1 ratio of Levantine-to-Anatolian ancestry in our 5-way model, 
contrasting with the near absence of Levantine ancestry in European farmers. The 
CHG/EHG/WHG/Anatolian Neolithic model of (17) fails (p<1e-10) because it underestimates 
shared genetic drift with Levantine farmers (Z=5.6), whose contribution into the Yamnaya 
cannot be explained under that model. These results shift the quest for the ancestral origins of the 10 
Yamnaya firmly to the south of the steppe and the eastern wing of the SA; determining the 
proximate source of the two movements into the steppe from the south will depend on further 
sampling across the Anatolia-Caucasus-Mesopotamia-Zagros area where populations with 
variations of the three components existed. Similarly, on the steppe side, study of Eneolithic 
(pre-Yamnaya) individuals could disclose the source dynamics of CHG infiltration northwards 15 
and identify the likely geographical region for the emergence of the distinctive Yamnaya cluster 
which we show has an autosomal signal of admixture(8) dating to the mid-5th millennium BCE 
(Fig. S5), coinciding with the direct evidence of the first southern influence provided by the 
Eneolithic individuals of the steppe. 
 20 
CHG and EHG ancestry were present in roughly equal proportions in the Yamnaya cluster and 
Corded Ware/Bell Beaker-related individuals of central-northern Europe, but in Southeastern 
Europe CHG ancestry exceeded EHG ancestry (Fig. 2B,D). Thus, while CHG ancestry in 
central-northern Europe can be parsimoniously explained by migrations of steppe pastoralists 
introducing an approximately equal CHG/EHG mix,(8) this was not the case in southeastern 25 
Europe where both migration from the steppe (accounting for the EHG component), and across 
the Anatolian bridge (accounting for the excess CHG one) must have taken place. 
 
Y-chromosome links between the Steppe and West Asia in their genome-wide context 
While the analysis of genome-wide ancestry provides evidence for continuity and discontinuity 30 
in a particular region, it cannot prove a recent genetic link as the five sources of our model 
represent “deep” ancestry. Y-chromosome variation ((5); Data S4) can be used to document the 
timing of shared ancestry between populations, and has the potential to provide insight into the 
social processes of patrilineal societies. Subclades of Y-chromosome haplogroup R-L389 are 
informative for tracing connections between the SA and the Eurasian steppe (Fig. 3). First, 35 
haplogroup R-V1636 with an inferred common ancestor in the 5th millennium BCE documents 
gene flow between the steppe and the SA in the Eneolithic/Chalcolithic period (Fig. 3B): it is 
present in two individuals from the Late Chalcolithic at Arslantepe (Turkey)(15) and the Early 
Bronze Age in Armenia at Kalavan(10), and is also found in the piedmont of the North Caucasus 
at Progress-2(17), the open steppe at Khvalynsk II,(9) and the Single Grave Culture of northern 40 
Europe (Gjerrild).(19) Importantly, the individuals from Armenia  and Arslantepe lack any 
detectible EHG autosomal ancestry (Fig. 3C) which is maximized in the Khvalynsk individuals, 
an observation that provides some evidence for a southern origin for the R-V1636 haplogroup 
(we caution, however, that the haplogroup occurs earlier in several sites in the north, which could 
be consistent with an alternative scenario in which male migrants from the steppe introduced it 45 
into SA populations during the Chalcolithic but their autosomal genetic legacy was diluted by the 
much more numerous locals). The earliest individuals from the R-L389 clade belong to the R-
P297 sister clade of R-V1636, including the hunter-gatherer from Lebyazhinka IV(8, 9) and 
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hunter-gatherers from the Baltic region,(3) both without CHG ancestry, suggesting an eastern 
European origin of this clade which would eventually give rise to the R-M269 clade that spread 
extremely widely in the  Bronze Age. 
 
Haplogroup R-M269, which is inferred to have a shared common ancestor in the 5th millennium 5 
BCE, and its subclades are crucial for understanding steppe expansions as it was the dominant 
lineage of the Yamnaya-Afanasievo group,(4, 8, 20) in its 4th millennium BCE R-Z2103→R-
M12149 sub-lineage. Our newly reported data reveals that a large proportion of individuals in 
Armenia and NW Iran belonged to this haplogroup during the 2nd and early 1st millennium BCE, 
providing a genetic link with the Yamnaya in these regions where no archaeological presence of 10 
the Yamnaya culture is attested. It represents a more direct link than either R-V1636 or the early 
appearance of EHG ancestry at Areni1 cave in Armenia(10) during the Chalcolithic at the end of 
the 5th millennium BCE and the converse movement of CHG ancestry into the steppe Eneolithic. 
Steppe ancestry is not detected in the Early Bronze Age sites in Armenia associated with the 
Kura-Araxes culture, and only re-appeared during the Middle/Late Bronze Age and onwards. 15 
The actual date of steppe admixture in the ancestry of Bronze-to-Iron Age people from Armenia 
is estimated to the mid-3rd millennium BCE on average based on the decay of admixture linkage 
disequilibrium (Fig. S5) indicating that the mixture started in an earlier group before becoming 
geographically widespread after the decline of the Kura-Araxes culture. 
 20 
Despite the Y-chromosome movement southward attested by our data, any association between 
R-haplogroup bearers and EHG ancestry was lost south of the steppe as these had similar 
proportions of EHG ancestry as I-Y16419 bearers (the second most prevalent lineage in 
Armenia). Two Bronze-to-Iron Age sites with substantial sample sizes (Bagheri Tchala, n=7 and 
Noratus, n=12 unrelated males) have contrasting haplogroup distributions dominated by R-25 
M12149 and I-Y16419 respectively (Fisher’s exact test p<0.001), suggesting the existence of a 
patrilocal mating system ~1000BCE in Armenia. During the same period at Hasanlu in NW Iran 
many individuals have no trace of EHG ancestry at all despite the presence of R-M12149 there, 
suggesting that the initial association of this lineage with EHG ancestry on the steppe had 
vanished as R-M12149 bearers intermarried with SA groups without EHG ancestry (Fig. 3C). 30 
We hypothesize that the major steppe takeover that replaced R-M12149 (within haplogroup R1b) 
with R-Z93 Y-chromosomes (within haplogroup R1a) sometime during the 3rd millennium 
BCE—as the Corded Ware/Fatianovo(21) descendants spawned later steppe cultures such as 
Sintashta(20)—may have either caused the southward migration of Yamnaya-descended groups, 
or followed it to fill the niche they had vacated. Where the two lineages lived until the Bronze 35 
Age and whence their dramatic demographic expansion began may shed light on their possible 
rivalry. The Yamnaya descended R-M12149 patrilineages survived in Armenia, but their 
autosomal EHG legacy was diminished first by a factor of 4, as Yamnaya descendants mixed 
with local inhabitants to form the Bronze/Iron Age population we sample in our study, and then 
by another factor of 3 during the 1st millennium BCE(5). In terms of deep ancestry, the 40 
population of Armenia has been resilient to change, composed primarily of the same 
CHG/Anatolian/Levantine mix that has prevailed in the region since the Neolithic. However, this 
picture of continuity can be deceptive, as the 3× reduction of Steppe ancestry in the 1st 
millennium BCE implies a massive replacement of 2/3 of the local population as steppe 
descendants admixed with local and neighboring groups of West Asia of similar deep ancestral 45 
mix but lacking the EHG ancestry. This process was largely complete by ~2,000 years ago, when 
people very similar ancestrally to present-day people were present at sites like Aghitu and 
~1,000 years ago at Agarak. 
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Steppe migration into mainland Europe and South Asia (unlike into Armenia) was carried out by 
people with steppe ancestry who were not, however, patrilineal descendants of the dominant R-
M12149 of the Yamnaya population. Instead, they belonged to different descent groups that had 
received autosomal steppe admixture while replacing their Y-chromosome lineages. Armenia 5 
also contrasts with Anatolia for which no R-M269 Y-chromosomes are observed at all during the 
Chalcolithic, Bronze Age, or Ancient (pre-Roman) periods (n=80 unrelated individuals; 95% 
C.I.: 0-4.5%) and in which haplogroups J (36 individuals) and G (17 individuals) are most 
common with the former achieving such prominence despite occurring in only in 1/26 Neolithic 
individuals from Barcın during the pre-Chalcolithic period. 10 
 
The Urartian Kingdom 
The linguistic landscape in the mountainous and geographically fragmented regions of eastern 
Turkey and Armenia must have been complex in the Bronze and Iron Ages; a clue to this is the 
genetic differentiation existing within the people of the Iron Age kingdom of Urartu. The people 15 
at the center of this kingdom in the Lake Van region of Turkey (Çavuştepe) and its northern 
extension in Armenia, were strongly connected by material culture, and were buried only 
~200km apart, yet formed distinct genetic clusters with little overlap during the kingdom’s early 
(9th-8th c. BCE) period. The Van cluster is in continuity with the pre-Urartian population 
(~1300BCE) at neighboring Muradiye also in the Van region, and is characterized by more 20 
Levantine ancestry and the absence of steppe ancestry, contrasting it with the cluster of Urartian 
period individuals from Armenia which have less Levantine and some steppe ancestry like the 
pre-Urartian individuals of the Early Iron Age(5). Our genetic results help explain the formation 
of linguistic relationships in the region. Population continuity of the Lake Van core population 
with greater “Levantine” ancestry may well correspond to the Hurro-Urartian language 25 
family(22) that linked the non-Indo-European Urartian language of the kingdom with the earlier 
Bronze Age Hurrian language whose more southern distribution encompassed parts of Syria and 
North Mesopotamia. Into the periphery of this Hurro-Urartian linguistic sphere came a steppe-
admixed population from the north,  whose presence marks the southern edge of steppe 
expansion we discussed above and whose close proximity to the Urartian speakers would 30 
provide a mechanism for the incorporation of Urartian words into the Armenian lexicon.  
 
Interplay of Local, Steppe, and West Asian ancestries in southeastern Europe 
Southeastern Europe preserved the Anatolian Neolithic ancestry of its Neolithic cultural 
forebears during the Chalcolithic and Bronze Age (Fig. 2A), and also—to a lesser degree—of the 35 
BHG ancestry local to the region. BHG ancestry was detected only in the Balkans, thus 
precluding any substantial migration from the area to the rest of the SA, and even within the 
Balkans, it diminishes from the north to the Aegean where it is virtually non-existent. This raises 
the question of the genetic composition of pre-Neolithic Aegean populations: were they 
genetically like those of the Iron Gates to the north or Anatolia to the east? BHG ancestry was 40 
variable during the Bronze Age and related to geography: a striking contrast is found within 
Romania where our new data shows that it makes up ~12% of the ancestry of 42 individuals 
from the Bodrogkeresztúr Chalcolithic, and ~24-30% in 10 Bronze Age individuals from Arman, 
and in Ploieşti and Târgşoru Vechi south of the Carpathian Mountains. Together with another 
Bronze Age individual from Padina in Serbia (2460-2296 calBCE) near the Iron Gates, whose 45 
BHG ancestry was a maximum of ~37%, these results prove a remarkable preservation of 
hunter-gatherer ancestry in the North Balkans postdating the arrival of both Anatolian Neolithic 
and steppe ancestry in the region.  
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EHG ancestry albeit in mixed form became ubiquitous in Southeastern Europe during the Bronze 
Age after its sporadic Chalcolithic appearance.(3) This is most evident (~31-44%) in Moldova 
and individuals from Romania (Trestiana and Smeeni) on the eastern/southeastern slopes of the 
Carpathians which contrast with the high-BHG group from Arman. For the rest of the Balkans, 5 
the amount of EHG ancestry is ~15% and drops to ~4% in Mycenaean Greece from which we 
report data from multiple new sites at Kastrouli near Delphi, Attica, and the Palace of Nestor in 
Pylos that complement previously published ones from the Peloponnese and Salamis.(23) EHG 
ancestry is absent in a newly reported Middle Minoan individual from Zakros in Crete, generally 
similar to those previously published,(24) but with significant Levantine ancestry (~32%) which 10 
is consistent with her either being a migrant to the island from the east or part of a structured 
Cretan population whose past ethnic diversity was noted as early as the Odyssey of Homer (Hom. 
Od. 19.172-177). We show for the first time, that EHG ancestry was also absent in some 
Mycenaean individuals, suggesting that while the contrast between the mainland and Crete was 
real (Fig. S6), the penetration of EHG ancestry did not reach the totality of the mainland 15 
population during the Late Bronze Age and was even significantly variable within Mycenaean 
sites. The Griffin Warrior(2), the earliest individual (~1450 BCE) from the Palace of Nestor in 
Pylos, is right in the middle of the general population of the Aegean, and was thus plausibly of 
local Aegean origin. However, he was at the edges of the Mycenaean and Minoan clusters, and 
more specifically, had no detectible EHG ancestry (5.9±1.1% less than the rest of the individuals 20 
sampled at the Palace; Fig. S6). This finding could be consistent with a Cretan origin of this 
individual in accordance with the Minoan iconography of the rich burial goods of his shaft grave; 
alternatively he could be drawn from a mainland population that had not experienced EHG 
admixture, as could two other individuals from Pylos buried close to the Palace in a chamber 
tomb and outside the limits of the town in a cist grave. Regardless of the Griffin Warrior’s 25 
proximate origins, data from this individual and the others from Pylos shows that there was no 
general association of elite burial status with ancestry. Variation in EHG ancestry is observed at 
short geographical distance scales, as we observe that 4 individuals of the population of Attica 
buried at Marathon had only 2±1% EHG ancestry that was significantly less (by more than 2 
standard errors) than those of the neighboring island of Salamis and all sampling locations in the 30 
Peloponnese, provisionally suggesting that the classical Athenian claim (e.g., Plat. Menex. 237b) 
of having received fewer migrants than other Greek poleis in the remote past may not have been 
altogether invented. But migrants did come to Greece as a whole, as shown e.g., by a Y-
chromosome match of the rare R-PF7562 haplogroup between a pair of patrilineal relatives from 
the Palace of Nestor (Fig. 3B) links Late Bronze Age Mycenaean Greece with an Early Bronze 35 
Age individual of the North Caucasus at Lysogorskyja that is genetically similar to the 
Yamnaya.(17) One of these two relatives at Pylos (I13518) was almost certainly the offspring of 
first cousins; we document such close-kin unions  not only in elite Mycenaean society but also in 
different localities of the Bronze Age SA (Fig. S7 and (5), including an individual from 
Bezdanjača in Croatia (I18717) who was likely the offspring of an uncle/niece pairing, 40 
documenting for the first time  the later persistence of the practice of close kin marriage that had 
started with the Neolithic(14, 25). Did descriptions of such unions in classical mythological 
accounts of the “Heroic Age” reflect a memory of real Bronze Age events or were they based on 
practices that had persisted to the authors’ own time? Future ancient DNA studies will 
complement the written sources in documenting the later history of marriage norms in the region. 45 
 
Several other individuals from the Balkans could be assigned to haplogroup R-M269, whose 
earliest single example in Chalcolithic Smyadovo in Bulgaria(3) in the mid-5th millennium BCE 
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should be treated with some caution as it is based on a single SNP and is also an ancestry outlier 
for its population. All other known individuals carrying R-M269 are from the Bronze Age or 
later; a group of six (Fig. 3B) are associated with high steppe ancestry (>30% EHG) and this 
includes not only individuals from Moldova (Catacomb and Multi Cordoned Ware), adjacent to 
the steppe, but also from further south. This group furthermore includes two early Bronze Age 5 
individuals from Bulgaria (Boyanovo and Mogila, the latter associated with Yamnaya burial 
custom and with the R-Z2103 haplogroup typical of the steppe Yamnaya) and one from Albania 
(Çinamak). A female from Boyanovo and a Yamnaya-associated individual from Vojlovica-
Humka in Serbia also have high steppe ancestry. Thus, in the Balkans, unlike Armenia, the 
gamut of steppe ancestry extended from zero to steppe-like levels at the dawn of the Bronze Age.  10 
Inferred dates of admixture between Steppe pastoralist and European farmer ancestry in 
Southeastern European individuals from the Bronze Age to the 1st millennium BCE are inversely 
correlated with the absolute dates of the individuals (Fig. S8), and lead to the inference of major 
admixture between steppe and local Neolithic populations ~4,850 years ago, soon after the 
earliest expansion of the Yamnaya culture.(26)  This suggests that (as a first approximation) 15 
steppe ancestry in southeastern Europe from the Bronze Age onward was largely mediated by 
descendants of Yamnaya and local Balkan populations and not by earlier waves out of the steppe 
that affected the region sporadically. This admixture need not have taken place in one locality, as 
indicated by the presence of Yamnaya-like individuals in several regions of the Balkans, beyond 
both the cultural “frontier” between steppe pastoralist and settled populations, and the 20 
geographical transition from the eastern European flatlands into mountainous areas. By the Late 
Bronze Age and later, no high-steppe ancestry individuals are observed, but steppe-related Y-
chromosomes persist, including R-Z2106, a lineage that links North Macedonia (Ulanci-Veles), 
Albania (Çinamak), the steppe, and Armenia.  
 25 
Southeastern Europe contrasts strongly with the Afanasievo,(4, 20) Corded 
Ware/Fatyanovo/Sintashta(4, 8, 20, 21) and Beaker(27) steppe expansion that have strong 
associations with R-M417 and R-L51 Y-chromosome haplogroups that collectively make up 
only ~5% of SA individuals from all periods in the SA, and with the remarkable presence of R-
M12419 Yamnaya descendants observed in Armenia discussed above. Together with the 30 
extraordinary heterogeneity in autosomal ancestry in the Balkans, a picture emerges of a 
fragmented genetic landscape in the Balkans that may well parallel the poorly understood 
linguistic diversity of ancient IE Paleo-Balkan speakers prior to the spread of Latin and Slavic 
languages of which Albanian is the only surviving representative. 
 35 
The Southern Arc after the Bronze Age: source and recipient of migrants 
We investigated the effects of Greek colonization by identifying individuals from both the SA 
and outside of it that were genetically similar to the Bronze Age Mycenaeans (see (5); Fig. 4A). 
This identifies an Archaic individual from Kastrouli in Phokis and individuals at Empúries in 
Spain(28), an outpost colonized by Phocaeans from western Anatolia who were themselves said 40 
to be colonists from Phokis (Paus. 7.3.10), thus capturing the end points of a long chain of 
transmission, with little admixture, across the Mediterranean; could the ancestry of the Empúries 
individuals be traced back to the beginning of this chain or was it drawn from another, 
genetically similar source? In the future, larger sample sizes from Greek cities may test specific 
metropolis-colony connections and document the extent to which migration and admixture 45 
played a role in the era of Greek colonization. Mycenaean-like ancestry spread also to the eastern 
Mediterranean as in the case of a “Philistine” individual from Ashkelon(29). We also show the 
similarity of at least some individuals from inland Thrace (at Kapitan Andreevo) with the 
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Mycenaeans predating the Greek colonization, suggesting that the Mycenaeans were genetically 
similar to some Thracians from the east Balkans, a region outside the sphere of the Late Bronze 
Age Aegean, cautioning us not to conflate genetic with cultural similarity. By contrast, Bronze-
to-Iron Age individuals from Çinamak in Albania, and from numerous sites of North Macedonia, 
are genetically differentiated from the Mycenaean populations and do not fall within its 5 
variation; these areas to the north of Greece are differentiated by having ~3× more EHG ancestry 
than the Mycenaean average and are similar to the Middle Bronze Age population from Elati-
Logkas(30) in northern Greece(5). The coastal regions of Anatolia formed another area of Greek 
settlement during the Iron Age and much of the Anatolian peninsula was incorporated into the 
Hellenistic kingdoms established by the successors of Alexander the Great, providing 10 
opportunity for population transfer from Southeastern Europe to Anatolia. Yet, we do not find 
Mycenaean-like individuals either at 1st millennium BCE Greek colony sites such as 
Halicarnassus (modern Bodrum) or Amisos (modern Samsun) in the Aegean and Black Sea 
regions respectively, consistent, perhaps, with the account of Herodotus that early Greek 
colonists of Anatolia married indigenous Carian women of Anatolia when they first settled there 15 
(Hdt. 1.146), or across the peninsula in general reminiscent of the policy of intermarriage 
between Alexander himself and his companions with local women of the conquered Persian 
Empire (Arr. An. 7.4.4ff).  
 
We were intrigued by the recently observed shift in population in Imperial Rome(31) towards the 20 
general Near East, and sought to identify the precise geographic sources of it by co-analyzing the 
data from Italy with the extensive new sampling from the SA. We were surprised to find that 
Romans of the Imperial period were on average almost identical to Roman/Byzantine individuals 
from Anatolia(5). Given the considerable diversity within both sets of populations, we clustered 
diverse Roman/Byzantine/Medieval individuals and immediate predecessors without any 25 
knowledge of their population labels and found that the Italian and Anatolian individuals 
clustered together and with those of pre-Roman Anatolia (Fig. 4B). These results suggest that the 
Roman Empire in both its short-lived western part and the longer-lasting eastern Empire centered 
on Anatolia had a diverse but similar population plausibly drawn to a substantial extent from 
Anatolian sources. It is an irony of history that while the Roman Republic faced an existential 30 
crisis during the Mithridatic Wars of the 1st century BCE, it was its victory in this struggle that 
set the stage for the history of its later Empire whose population was drawn heavily from the 
same Anatolian population that had so recently challenged the Roman expansion to the east. In 
the Augustan period at the beginning of the Roman Empire, Horace, the Latin poet, remarked on 
the prestige of Greek high culture when he remarked that “captured Greece captured her rude 35 
conqueror,” and a century later the satirist Juvenal remarked on the population influx from the 
East when he noted that “Syrian Orontes has long since flowed into the Tiber” but with regard to 
people it was Anatolia that became the demographic engine of Imperial Rome, realizing, in 
historical time, the mythical journey of Aeneas and his Trojan exiles from Anatolia to the shores 
of Italy. 40 
 
The SA was also a recipient of people from outside. We detect the presence of two likely 
Sarmatian individuals in Samsun in the Black Sea region which contrast with the local 
population that was stable since the Chalcolithic(15), across the Early Bronze Age transition at 
Amasya, and down to the time of the Kingdom of Pontus which struggled with Rome during the 45 
Mithridatic wars. Overall population stability of Anatolia during the Roman/Byzantine period 
did not mean isolation, as outlier individuals of likely Levantine, northern European/Germanic, 
and Iberian origin are detected in the Marmara region (in the Basilica of Nicaea/present-day 
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Iznik and the Virgin Mary Monastery at Zeytinliada) close to the Imperial capital of 
Constantinople (present-day Istanbul) which may have attracted a more diverse set of foreigners. 
Other outliers are found at the periphery of the Southern Arc, in Moldova and Romania, in the 
Iron Age and long after the early steppe migrants previously discussed, distinctive because of the 
East Eurasian admixture of Central Asian Scythian individuals.(32-34)  5 
 
East Eurasian ancestry also helps identify an intriguing set of outliers observed at Çapalıbağ in 
the Aegean coast of Turkey dating from the 14th-17th centuries (Fig. S1E and (5)); these have 
~18% such ancestry unlike Byzantine-era individuals from Turkey (Fig. S9), suggesting a 
Central Asian influence. An admixture date estimate of 12.2±1.4 generations prior to their time 10 
using Roman/Byzantine and Central Asian sources places the admixture in the period 
surrounding the 11th century arrival and subsequent expansion of Seljuq Turks to Anatolia; 
present-day Turkish individuals have an admixture date estimate of 30.6±1.9 generations, and 
thus from the same early centuries of the 1000s CE which coincided with the transfer of control 
of Anatolia from the Romans to the Seljuqs and eventually Ottomans. The genetic contribution 15 
of Central Asian Turkic speakers to present-day people is difficult to gauge but can be 
provisionally placed at ~9-22% by comparison of Central Asian ancestry in present-day Turks 
and sampled ancient Central Asians. In the future, denser and targeted sampling from both 
Turkey and areas to its east may clarify the details of this process and more accurately quantify 
its extent. 20 
 
The Indo-Hittite hypothesis in the light of genetic data 
The discoveries of massive migrations from the steppe both westwards into mainland Europe(4, 
8) and eastwards into South Siberia(4) and Central/South Asia(20) have provided powerful 
evidence for the theory of steppe Indo-European origins by linking populations all the way from 25 
northwest Europe(27) to India via common steppe ancestry. The present paper adds further 
support to the theory by the discovery of ubiquitous ancestry from the steppe in the Bronze Age 
Balkans (where indubitably Indo-European Paleo-Balkan languages such as Thracian and 
Illyrian(35) were spoken), including individuals of predominantly steppe ancestry; by 
documenting the ubiquity of steppe ancestry in Bronze and Iron Age Armenia where Armenian 30 
is first attested and links between Armenia, the steppe, and the Balkans; and by the further 
documentation of steppe ancestry in the Aegean during the Mycenaean period when the Greek 
language is first attested, albeit at lower levels.(23) All ancient and present-day branches of the 
Indo-European language family can be derived or at least linked to the early Bronze Age 
Yamnaya pastoralists of the steppe or genetically similar populations.  35 
 
A link to the steppe cannot be established for the speakers of Anatolian languages due to the 
absence of EHG ancestry in Anatolia(4, 10, 15, 23) which our study reinforces in three ways: (i) 
first, by documenting its paucity in ~100 new Anatolian samples from the Chalcolithic to pre-
Roman antiquity, (ii) by contrasting western parts of Turkey with its immediate Aegean-Balkan 40 
neighbors to the west, and (iii) by contrasting eastern/northern parts of Turkey with its neighbors 
in Armenia  in the east. The absence of EHG ancestry in Anatolia can never be categorically 
proven (as more sampling can always disclose some such ancestry), but at present, despite 
extensive sampling, such ancestry is not detected either at possible entry points (west and east by 
land, or even north by sea), or in the population as a whole.  45 
 
The Indo-Hittite hypothesis, first proposed by E.H. Sturtevant in 1926,(36) has been supported 
by more modern phylolinguistic analyses that indicate that Anatolian languages such as Hittite 
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are basal to the rest of the IE family tree(37), suggesting an early split between the two. We have 
shown that Anatolia was indeed transformed during the Chalcolithic by the spread of CHG-
related ancestry to its westernmost edges, as were apparently Eneolithic populations of the 
steppe, which included also Anatolian/Levantine-related ancestry by the time of the formation of 
the Yamnaya pastoralists. It is premature to identify the proximate sources of these movements 5 
before all the candidate source populations of Anatolia, north Mesopotamia, western Iran, 
Armenia, Azerbaijan, and the Caucasus have been adequately sampled.  
 
Our analyses show that there were at least two gene flows from two populations related to the 
West Asian highlanders into the steppe, which transformed its population and may have induced 10 
linguistic change there; the reverse movement is more tentative, with early influences from the 
north such as at Areni Cave(10) or possibly associated with R-V1636 Y-chromosomes not 
making a large genetic impact on the population of Anatolia. The evidence is consistent with two 
hypotheses: Hypothesis A postulates that Proto-Indo-Anatolian (PIA; including both Anatolian 
languages and Proto-Indo-European) was spoken by a population with high EHG ancestry which 15 
had a disproportionate linguistic impact on Anatolia while contributing little if any ancestry. In 
the post-Bronze Age landscape of Anatolia, we do find outliers marked by European or steppe 
influence, but this is a period when Anatolia is influenced by numerous linguistically non-
Anatolian Indo-European populations, including Phrygians, Greeks, Persians, Galatians, 
Romans, to name only a few. Yet in individuals from Gordion, a Central Anatolian city that was 20 
under the control of Hittites before becoming the Phrygian capital and then coming under the 
control of Persian and Hellenistic rulers, the amount of EHG ancestry is only ~2%, a tiny 
proportion for a region controlled by at least four different Indo-European speaking groups. In 
medieval times, Central Asian ancestry associated with Turkic speakers was added to the 
population, which persists to the present. Clearly, Anatolia has not been impervious to linguistic 25 
change during its recorded history, and the harbingers of that change are also detected 
genetically, even if as outliers. By contrast, the complete absence of EHG ancestry in the 
Chalcolithic and Bronze Age either as isolated outliers or as a general low-level presence 
challenges the steppe theory to suggest a plausible mechanism of how a population that made 
little-if-any genetic impact could nonetheless effect large-scale linguistic change. A common 30 
vocabulary for wheeled vehicles is not attested for both Anatolian languages and the rest of Indo-
European,(38) thus potentially removing a technological advantage regarded as potentially 
crucial in the dissemination of Indo-European languages.(39) Hypothesis B postulates that Proto-
Indo-Anatolian was spoken by a population of West Asia and the Caucasus, with low or no EHG 
ancestry which affected both Anatolia and the steppe. At least two migratory movements from 35 
the south (Eneolithic and Yamnaya-specific) present the opportunity for an early (Chalcolithic) 
split of Yamnaya linguistic ancestors from the Anatolian linguistic ancestors, followed 1000-
2000 years later by the dispersal of Indo-European languages from the steppe with the expansion 
of the Yamnaya culture. Linguistic borrowings(40) between Proto-Indo-European and other 
language families such as Kartvelian (spoken primarily in Georgia) could be useful for localizing 40 
the PIA homeland, but these may have alternatively come about by long-range mobility since the 
Chalcolithic, proven by such evidence as the presence of R-V1636 descendants ~3,000km apart 
from Khvalynsk to Anatolia during this period. Contributions of Indo-European to Uralic 
(spoken in the forest-zone of eastern Europe and Siberia) appears to have involved only Indo-
Iranian speakers around 4,200 years ago(41), thus constraining the migratory history of Proto-45 
Indo-Iranian, but not the deeper question of early Indo-Anatolian origins. A challenge for the 
theory that PIA was formed in the south in a CHG-rich population will be to trace the origins of 
the autosomal ancestry of the Yamnaya in the Caucasus or West Asia (where some existing 
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proposals place the PIA homeland(42, 43)) and to identify the place where the R-M269 ancestral 
lineage expanded from, as this will be a most plausible secondary homeland of IE expansion 
outside Anatolia. 
 
The scenario of a West Asian source of PIA is consistent with a linguistic analysis(44) which 5 
places the split of Tocharian from the remaining (Inner Indo-European) languages ~3000BCE 
associated with the Yamnaya expansion and the disintegration of the remaining languages during 
the 3rd millennium BCE, in line with our inferences of major steppe admixture into the Balkans 
and Armenia for the subset of Indo-European languages of these regions. The Anatolian split is 
placed by that study at ~3700BCE (4314–3450 BC, 95% Highest Posterior Density interval), a 10 
period during which the CHG ancestry first appears as far west as the Chalcolithic individuals 
from NW Anatolia (at Ilıpınar) sampled in our study and during which the flow of CHG ancestry 
into the steppe had already commenced. 
 
Indo-Europeans became a source of fascination during the 19th and 20th centuries after their 15 
discovery by linguists in the 18th, leading to elaborate reconstructions of their culture and a 
fascination with their physical appearance.(45) Our survey of ancient phenotypes from the 
Southern Arc and West Eurasia in general ((5); Data S4) shows that the past use of modern 
phenotypes, physical anthropology, and ancient literary and artistic depictions to infer a “Proto-
Indo-European” physique characterized by depigmentation led to factually wrong conclusions. 20 
Early populations of both the Southern Arc and the steppe had predominantly dark hair and eyes 
and intermediate complexion, suggesting that this was also the most likely modal phenotype of 
Proto-Indo-Anatolians (and the Late Proto-Indo-European Yamnaya) as well, regardless of the 
solution to the question of their homeland. The SA population and the rest of West Eurasia were 
phenotypically diverse long prior to any Indo-European migrations (Fig. S10), but lacked the 25 
“northern European” constellation of traits (light hair, eyes, and skin pigmentation) once thought 
to be associated with the PIE community, an argument that sometimes continues to be made.(46) 
Thus, the 19th /20th century notion that the appearance of modern northern Europeans provided a 
clue to the ancestry of idealized “Aryans” was as misguided as the ancient idea, uninformed by a 
genetic theory of adaptation, that these same phenotypes were the products of the direct 30 
influence of climate.  
 
In concluding our genetic history of the Southern Arc, we admit the limitations of the concept: 
just as  populations at the border between “Europe” and “Asia” can best be understood by their 
joint analysis of populations across the geographical divide, so can the SA best be understood by 35 
its joint analysis with the complementary “Northern Arc” to the north of the Black Sea, with the 
still woefully undersampled regions of Arabia and North Africa to its south, and the world of 
mainland Europe and central Asia to its west and east. Future studies, transcending traditional 
categories of geography and population and revealing hidden and distant connections, will be 
necessary to obtain an even richer understanding of population history. 40 
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Fig. 1. Studied individuals, PCA, and ADMIXTURE analysis. (A) The geography of the 
Southern Arc; Sampling locations of previously published individuals (grey), new data on 
published individuals (pink), new individuals (yellow); convex hulls of individuals from each 5 
present-day country are also shown. (B) Correspondence of ISO codes with names and 
proportion of newly reported individuals and time histogram. (C) ADMIXTURE analysis: blue 
(Caucasus), green (Anatolia), red (Eastern European hunter-gatherers), purple (Balkan hunter-
gatherers). (D) Principal components analysis. (E) Ancestry in Neolithic West Asia from pre-
Neolithic Anatolian (Pınarbaşı), Caucasus (CHG), and Levant (Natufian) sources. 10 
  



Submitted Manuscript: Confidential 
Template revised February 2021 

26 
 

Fig. 2: Spread of CHG and EHG ancestry during the Chalcolithic, Bronze, and Early Iron 
Age. (A) Along the Caucasus bridge CHG ancestry flowed northwards to the steppe and EHG 
ancestry spread southward into SE Europe and Armenia but not into Anatolia or the Levant. (B) 
Along the Anatolian bridge CHG ancestry exceeds EHG ancestry in SE Europe and Anatolia, 5 
and EHG ancestry spread into SE Europe with a maximum in Moldova, a minimum in the 
Aegean, and hardly any in Anatolia. (C Variation along the Caucasus bridge shows that 
Armenia/Iran individuals experienced an influx of EHG ancestry and Yamnaya cluster 
individuals an influx of Anatolian/Levantine ancestry. (D) Individuals from SE Europe at the 
western end of the Anatolian bridge have an excess of CHG over EHG ancestry. 10 
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Fig. 3: Y-chromosome links between the Southern Arc and the Eurasian steppe. (A) 
Phylogeny of haplogroup R-L389 with TMRCA estimates of yfull.com. (B) CHG/EHG ancestral 
composition of R-L389 Y-chromosome individuals. (C) R-L389 individuals from the Southern 5 
Arc, representing a subset of the individuals plotted in panel b. Individuals more than 2,000 years 
old are shown. 
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Fig. 4: Expansions from the Southern Arc after the Bronze Age. (A) In the Iron Age, 
individuals similar to the Bronze Age Mycenaeans were found in Greece, North Macedonia, and 5 
Bulgaria and can be detected from Spain to Lebanon to Hungary as outliers. Individuals are 
ordered left-right by their rank of similarity to Mycenaeans with respect to their proportions of 
their five inferred ancestry components. Individuals (yellow marks on black background) are 
shown in conjunction with F4admix and ADMIXTURE proportions at the bottom. (B) 
Roman/Byzantine period individuals from Anatolia and Imperial Italy(31) were diverse and 10 
genetically indistinguishable from each other, and drawn primarily from the preceding 
population of Anatolia.  
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Topic Background Genetic inferences 
What was the 
ancestry of the 
world’s very 
first farmers 
from 
Mesopotamia? 

Three early groups of farmers (from 
Anatolia, the Zagros, and the South 
Levant) were highly genetically 
differentiated. Did early farmers from 
Northern Mesopotamia resemble any 
of these groups? 

We report the first PPN individuals from the SE Anatolia/N Mesopotamia region, including from the 
previously unsampled PPNA period. These were unlike any of the three previously known groups and 
genetically intermediate between populations of the Levant and Caucasus/Iran. Together with other 
new data from early Neolithic individuals of Armenia, the north Zagros, and Cyprus, these suggest 
the existence of a Neolithic continuum between the highly differentiated populations at the edges of 
ancient West Asia. This continuum was formed as Natufian ancestry spread via Mesopotamian 
intermediaries into the rest of West Asia. Anatolian Epipaleolithic and Mesopotamian ancestry alone 
formed the pre-pottery Neolithic of Anatolia, but pottery Neolithic populations had extra Levantine 
ancestry. 

Whence the 
Anatolian 
languages? 

Did Anatolian languages like Hittite 
and Lydian spread from the steppe as 
is likely for other Indo-European (IE) 
languages of Europe and South Asia? 

We sampled across Anatolia and the immediately neighboring regions of Armenia and Aegean/South 
Balkans during the Chalcolithic and Bronze Age (where putative steppe ancestors may have first 
arrived) and later periods (where any such ancestry would have diffused into the general population). 
There was a distinction between Anatolia and its immediate neighbors marked by absence/presence 
of EHG ancestry typical of the steppe. By contrast, steppe pastoralists had experienced at least two 
gene flows from the south prior to the Yamnaya expansion. Anatolian languages likely did not 
originate on the steppe but in a West Asian population without EHG ancestry, and steppe expansions 
were responsible only for the dispersal of non-Anatolian IE languages. 

Reverberations 
of the Great 
Steppe Takeover 
across the 
Caucasus 

Yamnaya-cluster steppe populations 
~3000BCE were dominated by Y-
chromosome haplogroup R-M12149, 
but these were close to wholly 
replaced by R-Z93 bearers by 
~2000BCE.  

Bronze and Iron Age individuals from Armenia and NW Iran have (i) autosomal steppe ancestry, (ii) 
R-M12149 as their most frequent Y-chromosome haplogroup, and (iii) a ~2500BCE admixture date 
estimate. Patrilineal descendants of the Yamnaya—whether independently or pressured by the 
expansion R-Z93 bearers—must have left the steppe and settled south of the Caucasus. Remarkably, 
while this expansion did not have the genetic impact of those into Europe and South Asia it was the 
only one that preserved the patrilines of the Yamnaya population. 

The origin of 
Paleo-Balkan 
speakers 

Southeastern Europe was populated 
by groups speaking numerous Indo-
European languages (e.g., Illyrians 
and Thracians) that were replaced, 
except Albanian, by exogenous Latin 
and Slavic languages. What accounts 
for this linguistic diversity? 

We show that people genetically indistinguishable from Yamnaya pastoralists penetrated deep into 
the Balkans in Bulgaria, Serbia, and Albania during the early Bronze Age. Admixture dating of 
individuals from the Balkans is consistent with a major pulse of admixture ~3000BCE coinciding 
with the Yamnaya expansion. Steppe ancestry drastically diminishes north-to-south and is blended 
with varying amounts of indigenous hunter-gatherer and Anatolian Neolithic ancestry, but also with 
eastern ancestry from West Asia. This remarkable genetic heterogeneity contrasts with the 
geographically expansive Corded Ware and Beaker phenomena of mainland Europe, and may explain 
the diverse linguistic milieu of ancient Southeastern Europe. 

The Kingdom of 
Urartu 

An extinct non-IE Urartian language 
is recorded in the Iron Age Kingdom 
of Urartu. The IE Armenian language 
was in early contact with this 
language. Who inhabited the Urartian 
Kingdom? 

The Kingdom of Urartu in the Iron Age had a diverse population marked by absence (Çavuştepe, in 
Lake Van in Turkey) or presence (in Armenia) of steppe ancestry and greater/lesser Levantine 
ancestry respectively. The population from the central Lake Van part of the Kingdom was in 
continuity with the pre-Urartian population (Muradiye) and had a West Asian genetic composition 
suggesting it spoke the local Urartian language of the Hurro-Urartian family, while the peripheral 
Urartian period population of Armenia may trace the steppe-admixed early Armenian speakers from 
the north. 

Elites and 
commoners in 
the Late Bronze 
Age Aegean 

Did elites of the Mycenaean world 
represent exogenous influences or 
were they locally drawn? 

We show that the genetic pattern of the Mycenaeans was not limited to individuals from the 
Peloponnese but included central Greece and as far north as Thrace. In the Palace of Nestor in Pylos 
there is some evidence of consolidation of power (people who were genetically related or the 
offspring of cousin marriage were buried there), and exogenous links (a pair of 1st degree relatives 
having a patriline of steppe origin), but the autosomal ancestry was indistinguishable on average from 
the rest of the Mycenaean world. 

The Roman 
Empire in West 
and East 

Was there any relationship between 
the Imperial Romans of Italy prior to 
the Fall of Rome in the 5th c. CE and 
the people who called themselves 
Roman in the eastern Roman Empire 
but are usually called “Byzantine” by 
modern historians?  

Roman and Byzantine era Anatolians were diverse but genetically indistinguishable from Imperial 
Romans. Both were drawn primarily from people that were similar to the inhabitants of Anatolia prior 
to the Roman conquest. The Empire was Roman in name and institutions but substantially Anatolian 
in population in west and east and from the time of its founding to its demise. 

The origin of 
Anatolian Turks 

Anatolian Turkish people are 
linguistically related to Central Asian 
Turkic speakers, but genetically 
cluster with European and West 
Asian populations. What are their 
origins? 

Ancient individuals likely speaking Turkic languages from Anatolia and previously published 
present-day Anatolians show that they have admixture of both pre-Turkic Anatolians and Central 
Asians dating to the early 1000s CE. The data point to Anatolian Turks carrying the genetic legacy of 
both ancient people who lived in Anatolia for thousands of years covered by our study and also 
people coming from Central Asia and bearing Turkic languages who contributed ~9-22% of their 
ancestry. 

 

Table 1: Archaeological, genetic, and linguistic questions newly informed by our study. 


