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Ancient DNA from Mesopotamia suggests distinct Pre-Pottery and Pottery
Neolithic migrations into Anatolia

losif Lazaridis“?*1, Songiil Alpaslan-Roodenberg?*1, Ayse Acar?, Aysen Acikkol®, Anagnostis Agelarakis®, Levon Aghikyan’, Ugur Akyiiz®,

Desislava Andreeva®, Gojko Andrijasevi¢'®, Dragana Antonovi¢™, lan Armit'2, Alper Atmaca®®, Pavel Avetisyan’, Ahmet ihsan Aytek'*, Krum Bacvarov®®,
Ruben Badalyan’, Stefan Bakardzhiev'®, Jacqueline Balen', Lorenc Bejko'®, Rebecca Bernardos?, Andreas Bertsatos'®, Hanifi Biber?®, Ahmet Bilir?,
Mario Bodruzi¢?2, Michelle Bonogofsky?, Clive Bonsall?*, Dusan Bori¢?®, Nikola Borovini¢?®, Guillermo Bravo Morante3, Katharina Buttinger®,

Kim Callan?>?’, Francesca Candilio?®, Mario Carié?°, Olivia Cheronet®, Stefan Chohadzhiev3, Maria-Eleni Chovalopoulou', Stella Chryssoulaki®,

lon Ciobanu®*33, Natalija Condi¢3*, Mihai Constantinescu®®, Emanuela Cristiani*®, Brendan J. Culleton®’, Elizabeth Curtis®>?’, Jack Davis%,

Tatiana I. Demcenco®®, Valentin Dergachev®’, Zafer Derin®!, Sylvia Deskaj*?, Seda Devejyan’, Vojislav Djordjevié*3, Kellie Sara Duffett Carlson®,

Laurie R. Eccles**, Nedko Elenski®s, Atilla Engin“, Nihat Erdogan*’, Sabiha Erir-Pazarci*®, Daniel M. Fernandes®*°, Matthew Ferry?>?’, Suzanne Freilich®,
Alin Frinculeasa®, Michael L. Galaty*?, Beatriz Gamarra®-5253, Boris Gasparyan’, Bisserka Gaydarska>*, Elif Gen¢>®, Timur Giiltekin®®, Serkan Giindiiz®’,
Tamas Hajdu®, Volker Heyd®®, Suren Hobosyan’, Nelli Hovhannisyan®®, lliya lliev'®, Lora lliev>?, Stanislav lliev®”, ilkay ivgin®?, Ivor Jankovi¢®®,

Lence Jovanova®, Panagiotis Karkanas®*, Berna Kavaz-Kindigili®®, Esra Hilal Kaya®®, Denise Keating®, Douglas J. Kennett®*®”, Seda Deniz Kesici®?,
Anahit Khudaverdyan’, Krisztian Kiss®®°, Sinan Kilig?, Paul Klostermann’®, Sinem Kostak Boca Negra Valdes®®, Sasa Kovacevic”,

Marta Krenz-Niedbata’?, Maja Krznarié¢ Skrivanko’®, Rovena Kurti’#, Pasko Kuzman’®, Ann Marie Lawson??, Catalin Lazar’®, Krassimir Leshtakov”’,
Thomas E. Levy’8, loannis Liritzis’*2°, Kirsi 0. Lorentz®!, Sylwia Lukasik’?, Matthew Mah??"#2, Swapan Mallick?>?’, Kirsten MandI®,

Kristine Martirosyan-Olshansky®3, Roger Matthews®4, Wendy Matthews®*, Kathleen McSweeney?*, Varduhi Melikyan’, Adam Micco?, Megan Miche

|1,2,27
’

Lidija Milaginovi¢®®, Alissa Mittnik"%26, Janet M. Monge®’, Georgi Nekhrizov'®, Rebecca Nicholls®®, Alexey G. Nikitin®®, Vassil Nikolov'®, Mario Novak?,
liligo Olalde®%, Jonas Oppenheimer>?, Anna Osterholtz®, Celal Ozdemir'®, Kadir Toykan Ozdogan®, Nurettin Oztiirk®®, Nikos Papadimitriou®?,

Niki Papakonstantinou®®, Anastasia Papathanasiou®*, Lujana Paraman®?, Evgeny G. Paskary®®, Nick Patterson“®?, Ilian Petrakiev*®, Levon Petrosyan’,
Vanya Petrova’’, Anna Philippa-Touchais®’, Ashot Piliposyan®®, Nada Pocuca Kuzman’®, Hrvoje Potrebica®®, Bianca Preda-Balanici®®, Zrinka Premuzi¢'®,

104

T. Douglas Price'®, Lijun Qiu?%, Sinisa Radovi¢!?, Kamal Raeuf Aziz'%%, Petra Raji¢ Sikanji¢?®, Kamal Rasheed Raheem'%%, Sergei Razumov'®4,
Amy Richardson®*, Jacob Roodenberg!®®, Rudenc Ruka’*, Victoria Russeva'®®, Mustafa Sahin®’, Aysegiil Sarbak'®’, Emre Savas®®, Constanze Schattke,

Lynne Schepartz!%%, Tayfun Selguk®®, Ayla Sevim-Erol'°°, Michel Shamoon-Pour'®, Henry M. Shephard', Athanasios Sideris'?, Angela Simalcsi

32,113
k>,

Hakob Simonyan™*, Vitalij Sinika'®*, Kendra Sirak?, Ghenadie Sirbu™®, Mario Slaus™®, Andrei Soficaru®®, Bilal S6giit'", Arkadiusz Sottysiak,
Gilem Sonmez-S6zer'%%, Maria Stathi™®, Martin Steskal'?°, Kristin Stewardson®%’, Sharon Stocker*®, Fadime Suata-Alpaslan'?, Alexander Suvorov®°,
Anna Szécsényi-Nagy'?2, Tamas Szeniczey®®, Nikolai Telnov'%, Strahil Temov'?®, Nadezhda Todorova’’, Ulsi Tota’*', Gilles Touchais'?®,

Sevi Triantaphyllou®3, Atila Tiirker'?®, Marina Ugarkovi¢”*, Todor Valchev'®, Fanica Veljanovska'?3, Zlatko Videvski'?3, Cristian Virag
Sam Walsh'?%, Piotr Wiodarczak'?®, J. Noah Workman?, Aram Yardumian®°%, Evgenii Yarovoy'®?, Alper Yener Yavuz'*3, Hakan Yilmaz?°,

27 Anna Wagner®,

20

Fatma Zalzala®?’, Anna Zettl®, Zhao Zhang?, Rafet Gavusoglu?®, Nadin Rohland?, Ron Pinhasi®3**, David Reich%2782%

We present the first ancient DNA data from the Pre-Pottery Neolithic of Mesopotamia (Southeastern Turkey and Northern Iraq), Cyprus, and the Northwestern
Zagros, along with the first data from Neolithic Armenia. We show that these and neighboring populations were formed through admixture of pre-Neolithic
sources related to Anatolian, Caucasus, and Levantine hunter-gatherers, forming a Neolithic continuum of ancestry mirroring the geography of West Asia.
By analyzing Pre-Pottery and Pottery Neolithic populations of Anatolia, we show that the former were derived from admixture between Mesopotamian-related
and local Epipaleolithic-related sources, but the latter experienced additional Levantine-related gene flow, thus documenting at least two pulses of migration
from the Fertile Crescent heartland to the early farmers of Anatolia.

revious work has documented the exis-

tence of highly differentiated Neolithic

populations in ancient West Asia (1-9)

and some of their pre-Neolithic ante-

cessors in the Caucasus (10), Iran (7, 11),
Anatolia (6), and the Levant (7). To anchor our
integrative genomic history of the Southern
Arc, aregion we define as including Anatolia
and its neighbors in Southeastern Europe and
West Asia (12), we sought to understand how
the earliest Neolithic populations were formed,
with a particular focus on the Pre-Pottery pe-
riod of Northern (or Upper) Mesopotamia, the
area between the Tigris and Euphrates rivers
of Southeastern Turkey, Northwestern Iraq,
and Northeastern Syria, within the Pre-Pottery
Neolithic interaction sphere (13). Despite the
centrality of Mesopotamia in the archaeolog-
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ical record of the origin of farming (14), no
genome-wide ancient DNA data from early
Mesopotamian farmers has been published.
We used in-solution enrichment for ~1.2 million
single nucleotide polymorphisms (SNPs) to
study Pre-Pottery Neolithic farmers from the
Tigris side of Northern Mesopotamia: one from
Boncuklu Tarla near Mardin in Southeastern
Turkey and two from Nemrik 9 in Northern
Iraq. We also report the first Pre-Pottery Neo-
lithic data from Cyprus, an island to the south
of the Anatolian peninsula and west of the
Levant, which witnessed the earliest mari-
time expansion of Pre-Pottery farmers from
the Eastern Mediterranean; our data come
from three individuals whose fragmentary
remains were found in a Neolithic disused and
filled-in water well at Kissonerga-Mylouthkia
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(15). Furthermore, we report the first ancient
DNA data from the Neolithic of Armenia, from
two individuals buried at the sites of Masis
Blur and Aknashen in the sixth millennium
BCE. These individuals represent an inland
Pottery Neolithic population, which we could
compare to the Pre-Pottery one from Northern
Mesopotamia to its south, the Pottery Neolithic
one of Azerbaijan to its east (7), and later
Chalcolithic individuals from Armenia (7).
Finally, we sampled three Pre-Pottery Neolithic
farmers from the Northern Zagros at Bestansur
and the Zawi Chemi component of Shanidar
cave in Iraq, who fill a gap between the more
western and northern individuals and published
data from the Central Zagros in Iran (7).
Details of the newly sampled individuals can
be found in (12), and their geographical and
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Connecting genes and history

Stories about the peopling—and people—of Southern Europe and West Asia have been passed down for thousands
of years, and these stories have contributed to our historical understanding of populations. Genomic data provide the
opportunity to truly understand these patterns independently from written history. In a trio of papers, Lazaridis et al.
examined more than 700 ancient genomes from across this region, the Southern Arc, spanning 11,000 years, from
the earliest farming cultures to post-Medieval times (see the Perspective by Arbuckle and Schwandt). On the basis
of these results, the authors suggest that earlier reliance on modern phenotypes and ancient writings and artistic
depictions provided an inaccurate picture of early Indo-Europeans, and they provide a revised history of the complex
migrations and population integrations that shaped these cultures. —SNV
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