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677
678  Extended Data Figure 2: Unsupervised ADMIXTURE plot from k=4 to 12, on a dataset

679  consisting of 1099 present-day individuals and 476 ancient individuals. We show newly

680  reported ancient individuals and some previously published individuals for comparison.
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Extended Data Figure 3: Spatial structure in hunter-gatherers. Estimated effective migration
surface (EEMS).” This fits a model of genetic relatedness where individuals move (in a
random direction) from generation to generation on an underlying grid so that genetic
relatedness is determined by distance. The migration parameter m defines the local rate of
migration, varies on the grid and is inferred. This plot shows /og;y m, scaled relative to the
average migration rate (which is arbitrary). Thus logl0(m)=2, for example, implies that the
rate of migration at this point on the grid is 100 times higher than average. To restrict as much
as possible to hunter-gatherer structure, the migration surface is inferred using data from 116
individuals from populations that date earlier than ~5000 BCE and have no NW Anatolian-
related ancestry. Though the migration surface is sensitive to sampling, and fine-scale
features may not be interpretable, the migration “barrier” (region of low migration) running
north-south and separating populations with primarily WHG from primarily EHG ancestry
seems to be robust, and consistent with inferred admixture proportions. This analysis suggests
that Mesolithic hunter-gatherer population structure was clustered and not smoothly clinal, in
the sense that genetic differentiation did not vary consistently with distance. Superimposed
on this background, pies show the WHG, EHG and CHG ancestry proportions inferred for
populations used to construct the migration surface (another way of visualizing the data in
show in Figure 2, Supplementary Table 3.1.3 — we use two population models if they fit with
p>0.1, and three population models otherwise). Pies with only a single color have been fixed

to be the source populations.
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704  Extended Data Figure 4: log-likelihood surfaces for the proportion of female (x-axis) and
705  male (y-axis) ancestors that are hunter-gatherer-related for the combined populations

706  analyzed in Figure 3C, and the two populations with the strongest evidence for sex-bias. Log-
707  likelihood scale ranges from 0 to -10, where 0 is the feasible point with the highest likelihood.
708
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Supplementary Tables

Supplementary Table 1: Details of ancient individuals analyzed in this study.
Supplementary Table 2: Key D-statistics to support statements about population history.
Supplementary Table 3: gpAdm models with 7-population outgroup set.
Supplementary Table 4: gpAdm models with extended 14-population outgroup set.
Supplementary Table 5: gpAdm models for Neolithic populations for chromosome X.
Supplementary Table 6: Additional '*C dating information.

References

1 Tringham, R. E. in The Transition to Agriculture in Prehistoric Europe (ed D. Price)
19-56 (Cambridge University Press, 2000).

2 Bellwood, P. First Farmers: The Origins of Agricultural Societies. 2nd edn, (Wiley-
Blackwell, 2004).

3 Golitko, M. in Ancient Europe, 8000 B.C. to A.D. 1000: An Encyclopedia of the
Barbarian World (eds P. Bogucki & P.J. Crabtree) 259-266 (Charles Scribners &
Sons, 2003).

4 Vander Linden, M. in Investigating Archaeological Cultures: Material Culture,

Variability, and Transmission (eds B.W. Roberts & M. Vander Linden) 289-319
(Springer, 2012).

5 Bramanti, B. et al. Genetic discontinuity between local hunter-gatherers and central
Europe's first farmers. Science 326, 137-140 (2009).

6 Skoglund, P. ef al. Origins and genetic legacy of Neolithic farmers and hunter-
gatherers in Europe. Science 336, 466-469 (2012).

7 Haak, W. ef al. Massive migration from the steppe was a source for Indo-European
languages in Europe. Nature 522,207-211 (2015).

8 Cassidy, L. M. et al. Neolithic and Bronze Age migration to Ireland and

establishment of the insular Atlantic genome. Proc. Natl. Acad. Sci. U. S. A. 113,
368-373 (2016).

9 Hofmanova, Z. et al. Early farmers from across Europe directly descended from
Neolithic Aegeans. Proc. Natl. Acad. Sci. U. S. A. 113, 6886-6891 (2016).

10 Mathieson, 1. et al. Genome-wide patterns of selection in 230 ancient Eurasians.
Nature 528, 499-503 (2015).

11 Omrak, A. et al. Genomic Evidence Establishes Anatolia as the Source of the

European Neolithic Gene Pool. Curr. Biol. 26, 270-275 (2016).

12 Miiller, J., Rassmann, K. & Videiko, M. Trypillia Mega-Sites and European
Prehistory: 4100-3400 BCE., (Routledge, 2016).

13 Anthony, D. W. The horse the wheel and language. (Princeton University Press,
2007).

14 Fu, Q. et al. An early modern human from Romania with a recent Neanderthal
ancestor. Nature (2015).

15 Allentoft, M. E. et al. Population genomics of Bronze Age Eurasia. Nature 522, 167-
172 (2015).

16 Fu, Q. et al. Genome sequence of a 45,000-year-old modern human from western
Siberia. Nature 514, 445-449 (2014).

17 Fu, Q. et al. The genetic history of Ice Age Europe. Nature 534, 200-205 (2016).

18 Gallego Llorente, M. et al. Ancient Ethiopian genome reveals extensive Eurasian
admixture in Eastern Africa. Science 350, 820-822 (2015).
19 Jones, E. R. et al. Upper Palaeolithic genomes reveal deep roots of modern Eurasians.

Nature communications 6, 8912 (2015).


http://dx.doi.org/10.1101/135616
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint first posted online May. 9, 2017; doi: http://dx.doi.org/10.1101/135616. The copyright holder for this preprint (which was
not peer-reviewed) is the author/funder. It is made available under a CC-BY 4.0 International license.

758 20 Keller, A. et al. New insights into the Tyrolean Iceman's origin and phenotype as
759 inferred by whole-genome sequencing. Nature communications 3, 698 (2012).

760 21 Kilinc, G. M. et al. The Demographic Development of the First Farmers in Anatolia.
761 Curr. Biol. (2016).

762 22 Lazaridis, 1. ef al. Genomic insights into the origin of farming in the ancient Near
763 East. Nature 536, 419-424 (2016).

764 23 Lazaridis, 1. ef al. Ancient human genomes suggest three ancestral populations for
765 present-day Europeans. Nature 513, 409-413 (2014).

766 24 Olalde, I. ef al. Derived immune and ancestral pigmentation alleles in a 7,000-year-
767 old Mesolithic European. Nature 507, 225-228 (2014).

768 25 Raghavan, M. ef al. Upper Palaeolithic Siberian genome reveals dual ancestry of
769 Native Americans. Nature 505, 87-91 (2014).

770 26 Lazaridis, 1. ef al. Genetic origins of the Minoans and Mycenaeans. Nature 548, 214-
771 218 (2017).

772 27 Lipson, M. et al. Parallel ancient genomic transects reveal complex population

773 history of early European farmers. bioRxiv, https://doi.org/10.1101/114488 (2017).
774 28 Mallick, S. et al. The Simons Genome Diversity Project: 300 genomes from 142

775 diverse populations. Nature 538, 201-206 (2016).

776 29 Alexander, D. H., Novembre, J. & Lange, K. Fast model-based estimation of ancestry
777 in unrelated individuals. Genome Res. 19, 1655-1664 (2009).

778 30 Patterson, N. et al. Ancient admixture in human history. Genetics 192, 1065-1093
779 (2012).

780 31 Gronenborn, D. & Dolukhanov, P. in The Oxford Handbook of Neolithic Europe

781 (eds C. Fowler, J. Harding, & D. Hofmann) 195-214 (Oxford University Press,

782 2015).

783 32 Telegin, D. Ya. Neolithic cultures of Ukraine and their chronology. Journal of World
784 Prehistory 1, 307-331 (1987).

785 33 Telegin, D. Ya. & Potekhina, 1. D. Neolithic cemeteries and populations in the

786 Dnieper Basin. (British Archaeological Reports, 1987).

787 34 Jones, E. R. et al. The Neolithic Transition in the Baltic Was Not Driven by

788 Admixture with Early European Farmers. Curr. Biol., 2185-2193 (2017).

789 35 Mittnik, A. et al. The Genetic History of Northern Europe. bioRxiv,

790 https://doi.org/10.1101/113241 (2017).

791 36 Saag, L. et al. Extensive farming in Estonia started through a sex-biased migration
792 from the Steppe. Curr. Biol. 27,2185-2193 (2017).

793 37 Maier, A. The Central European Magdalenian: Regional Diversity and Internal
794 Variability., (Springer, 2015).

795 38 Bori¢, D. & Price, T. D. Strontium isotopes document greater human mobility at the
796 start of the Balkan Neolithic. Proc. Natl. Acad. Sci. U. S. A. 110, 3298-3303 (2013).
797 39 KrauB}, R., Marinova, E., De Brue, H. & Weninger, B. The rapid spread of early
798 farming from the Aegean into the Balkans via the Sub-Mediterranean-Aegean

799 Vegetation Zone. Quaternary International XXX, 1-18 (2017).

800 40 Bacvarov, K. in Moments in time: Papers Presented to Pal Raczky on His 60th

801 Birthday (eds A. Anders & G Kulcsar) 29-34 (L’Harmattan, 2013).

802 41 Gurova, M. & Bonsall, C. ‘Pre-Neolithic’ in Southeast Europe: a Bulgarian

803 perspective. Documenta Praehistorica XLI, 95-109 (2014).

804 42 Brandt, G. ef al. Ancient DNA reveals key stages in the formation of central

805 European mitochondrial genetic diversity. Science 342, 257-261 (2013).

806 43 Borié, D. in The Oxford Handbook of Neolithic Europe (eds C. Fowler, J. Harding,
807 & D. Hofmann) 927-957 (Oxford University Press, 2015).

808 44 Szmyt, M. in Transition to the Bronze Age (Archaeolingua 30) (eds V. Heyd, G.
809 Kulcsar, & V. Szeverényi) 93-111 (Archaeolingua, 2013).

810 45 Olalde, I. et al. A Common Genetic Origin for Early Farmers from Mediterranean

811 Cardial and Central European LBK Cultures. Mol. Biol. Evol. 32,3132-3142 (2015).


http://dx.doi.org/10.1101/135616
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint first posted online May. 9, 2017; doi: http://dx.doi.org/10.1101/135616. The copyright holder for this preprint (which was
not peer-reviewed) is the author/funder. It is made available under a CC-BY 4.0 International license.

812 46 Posth, C. ef al. Pleistocene Mitochondrial Genomes Suggest a Single Major Dispersal

813 of Non-Africans and a Late Glacial Population Turnover in Europe. Curr. Biol. 26,
814 827-833 (2016).

815 47 Anthony, D. W. & Ringe, D. The Indo-European Homeland from Linguistic and
816 Archaeological Perspectives. Annual Review of Linguistics 1, 199-219 (2015).

817 48 Dabney, J. et al. Complete mitochondrial genome sequence of a Middle Pleistocene
818 cave bear reconstructed from ultrashort DNA fragments. Proc. Natl. Acad. Sci. U. S.
819 A. 110, 15758-15763 (2013).

820 49 Meyer, M. & Kircher, M. [llumina sequencing library preparation for highly

821 multiplexed target capture and sequencing. Cold Spring Harb Protoc 2010, pdb

822 prot5448 (2010).

823 50 Rohland, N., Harney, E., Mallick, S., Nordenfelt, S. & Reich, D. Partial uracil-DNA-
824 glycosylase treatment for screening of ancient DNA. Philos. Trans. R. Soc. Lond. B
825 Biol. Sci. 370, 20130624 (2015).

826 51 Korlevic, P. ef al. Reducing microbial and human contamination in DNA extractions
827 from ancient bones and teeth. BioTechniques 59, 87-93 (2015).

828 52 Briggs, A. W. et al. Removal of deaminated cytosines and detection of in vivo

829 methylation in ancient DNA. Nucleic Acids Res. 38, €87 (2010).

830 53 DeAngelis, M. M., Wang, D. G. & Hawkins, T. L. Solid-phase reversible

831 immobilization for the isolation of PCR products. Nucleic Acids Res. 23, 4742-4743
832 (1995).

833 54 Rohland, N. & Reich, D. Cost-effective, high-throughput DNA sequencing libraries
834 for multiplexed target capture. Genome Res. 22, 939-946 (2012).

835 55 Maricic, T., Whitten, M. & Pddbo, S. Multiplexed DNA sequence capture of

836 mitochondrial genomes using PCR products. PLoS One S, e14004 (2010).

837 56 Kircher, M., Sawyer, S. & Meyer, M. Double indexing overcomes inaccuracies in
838 multiplex sequencing on the Illumina platform. Nucleic Acids Res. 40, €3 (2012).
839 57 Li, H. & Durbin, R. Fast and accurate long-read alignment with Burrows-Wheeler
840 transform. Bioinformatics 26, 589-595 (2010).

841 58 Fu, Q. et al. A revised timescale for human evolution based on ancient mitochondrial
842 genomes. Curr. Biol. 23, 553-559 (2013).

843 59 Skoglund, P. et al. Separating endogenous ancient DNA from modern day

844 contamination in a Siberian Neandertal. Proc. Natl. Acad. Sci. U. S. A. 111, 2229-
845 2234 (2014).

846 60 Korneliussen, T. S., Albrechtsen, A. & Nielsen, R. ANGSD: Analysis of Next

847 Generation Sequencing Data. BMC Bioinformatics 15, 356 (2014).

848 61 Price, A. L. ef al. Principal components analysis corrects for stratification in genome-
849 wide association studies. Nat. Genet. 38, 904-909 (2006).

850 62 Petkova, D., Novembre, J. & Stephens, M. Visualizing spatial population structure
851 with estimated effective migration surfaces. Nat. Genet. 48, 94-100 (2016).

852 63 Brown, L., Cai, T. & DasGupta, A. Interval Estimation for a Binomial Proportion.
853 Statistical Science 16, 101-133 (2001).

854 64 Agresti, A. & Coull, B. Approximate is better than "exact" for interval estimation of
855 binomial proportions. The American Statistician 52, 119-126 (1998).

856 65 Longin, R. New method of collagen extraction for radiocarbon analysis. Nature 230,
857 241-242 (1971).

858 66 Brown, T. A., Nelson, D. E., Vogel, J. S. & Southon, J. R. Improved collagen

859 extraction by modified longin method. Radiocarbon 30, 171-177 (1988).

860 67 Kennett, D. J. et al. Archaeogenomic evidence reveals prehistoric matrilineal dynasty.
861 Nature communications 8, 14115 (2017).

862 68 van Klinken, G. J. Bone collagen quality indicators for paleodietary and radiocarbon
863 measurements. JAS 26, 687-695 (1999).

864 69 Stuiver, M. & Polach, H. A. Discussion: Reporting of C data. Radiocarbon 19, 355-
865 363 (1977).


http://dx.doi.org/10.1101/135616
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint first posted online May. 9, 2017; doi: http://dx.doi.org/10.1101/135616. The copyright holder for this preprint (which was
not peer-reviewed) is the author/funder. It is made available under a CC-BY 4.0 International license.

866 70 Bronk Ramsey, C. OxCal 4.23 Online Manual,

867 <https://c14.arch.ox.ac.uk/oxcalhelp/hlp contents.html> (2013).
868 71 Cook, G. T. et al. A freshwater diet-derived C reservoir effect at the Stone Age sites
869 in the Iron Gates gorge. Radiocarbon 43, 453-460 (2001).

870


http://dx.doi.org/10.1101/135616
http://creativecommons.org/licenses/by/4.0/

