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            Abstract
We sequenced the genomes of a ∼7,000-year-old farmer from Germany and eight ∼8,000-year-old hunter-gatherers from Luxembourg and Sweden. We analysed these and other ancient genomes1,2,3,4 with 2,345 contemporary humans to show that most present-day Europeans derive from at least three highly differentiated populations: west European hunter-gatherers, who contributed ancestry to all Europeans but not to Near Easterners; ancient north Eurasians related to Upper Palaeolithic Siberians3, who contributed to both Europeans and Near Easterners; and early European farmers, who were mainly of Near Eastern origin but also harboured west European hunter-gatherer related ancestry. We model these populations’ deep relationships and show that early European farmers had ∼44% ancestry from a ‘basal Eurasian’ population that split before the diversification of other non-African lineages.
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                    Figure 1: Map of west Eurasian populations.


Figure 2: Principal Component Analysis.


Figure 3: Modelling the relationship of European to non-European populations.


Figure 4: Estimates of mixture proportions in present-day Europeans.
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Extended data figures and tables

Extended Data Figure 1 Photographs of analysed ancient samples.
a, Loschbour skull. b, Stuttgart skull, missing the lower right M2 we sampled. c, Excavation at Kanaljorden in Motala, Sweden. d, Motala 1 in situ.


Extended Data Figure 2 Pairwise sequential Markovian coalescent (PSMC) analysis.
a, Inference of population size as a function of time, showing a very small recent population size over the most recent period in the ancestry of Loschbour (at least the last 5–10 thousand years). b, Inferred time since the most recent common ancestor from the PSMC for chromosomes 20, 21, 22 (top to bottom); Stuttgart is plotted on top and Loschbour at bottom.


Extended Data Figure 3 ADMIXTURE analysis (K = 2 to K = 20).
Ancient samples (Loschbour, Stuttgart, Motala_merge, Motala12, MA1, and LaBraña) are on the left.


Extended Data Figure 4 ANE ancestry is present in both Europe and the Near East but WHG ancestry is restricted to Europe, which cannot be due to a single admixture event.
On the x axis we present the statistic f4(Test, Stuttgart; MA1, Chimp), which measures where MA1 shares more alleles with a test population than with Stuttgart. It is positive for most European and Near Eastern populations, consistent with ANE (MA1-related) gene flow into both regions. On the y axis we present the statistic f4(Test, Stuttgart; Loschbour, Chimp), which measures whether Loschbour shares more alleles with a test sample than with Stuttgart. Only European populations show positive values of this statistic, providing evidence of WHG (Loschbour-related) admixture only in Europeans.


Extended Data Figure 5 MA1 is the best surrogate for ANE for which we have data.
Europeans share more alleles with MA1 than with Karitiana, as we see from the fact that in a plot of f4(Test, BedouinB; MA1, Chimp) and f4(Test, BedouinB; Karitiana, Chimp), the European cline deviates in the direction of MA1, rather than Karitiana (the slope is > 1 and European populations are above the line indicating inequality of these two statistics).


Extended Data Figure 6 The differential relatedness of west Eurasians to Stuttgart (EEF), Loschbour (WHG), and MA1 (ANE) cannot be explained by two-way mixture.
We plot on a West Eurasian map the statistic f4(Test, Chimp; A1, A2), where A1 and A2 are a pair of the three ancient samples representing the three ancestral populations of Europe. a, In both Europe and the Near East/Caucasus, populations from the south have more relatedness to Stuttgart than those from the north where ANE influence is also important. b, Northern European populations share more alleles with Loschbour than with Stuttgart, as they have additional WHG ancestry beyond what was already present in EEF. c, We observe a striking contrast between Europe west of the Caucasus and the Near East in degree of relatedness to WHG. In Europe, there is a much higher degree of allele sharing with Loschbour than with MA1, which we ascribe to the 60–80% WHG/(WHG + ANE) ratio in most Europeans that we report in Supplementary Information section 14. In contrast, the Near East has no appreciable WHG ancestry but some ANE ancestry, especially in the northern Caucasus. (Jewish populations are marked with a square in this figure to assist in interpretation as their ancestry is often anomalous for their geographic regions.)


Extended Data Figure 7 Evidence for Siberian gene flow into far north-eastern Europe.
Some north-eastern European populations (Chuvash, Finnish, Russian, Mordovian, Saami) share more alleles with Han Chinese than with other Europeans who are arrayed in a cline from Stuttgart to Lithuanians/Estonians in a plot of f4(Test, BedouinB; Han, Mbuti) against f4(Test, BedouinB; MA1, Mbuti).


Extended Data Table 1 West Eurasians genotyped on the Human Origins array and key f statisticsFull size table


Extended Data Table 2 Confirmation of key findings on transversions and on whole-genome sequence dataFull size table


Extended Data Table 3 Admixture proportions for European populationsFull size table
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