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            Abstract
We present a high-quality genome sequence of a Neanderthal woman from Siberia. We show that her parents were related at the level of half-siblings and that mating among close relatives was common among her recent ancestors. We also sequenced the genome of a Neanderthal from the Caucasus to low coverage. An analysis of the relationships and population history of available archaic genomes and 25 present-day human genomes shows that several gene flow events occurred among Neanderthals, Denisovans and early modern humans, possibly including gene flow into Denisovans from an unknown archaic group. Thus, interbreeding, albeit of low magnitude, occurred among many hominin groups in the Late Pleistocene. In addition, the high-quality Neanderthal genome allows us to establish a definitive list of substitutions that became fixed in modern humans after their separation from the ancestors of Neanderthals and Denisovans.
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                    Figure 1: Toe phalanx and location of Neanderthal samples for which genome-wide data are available.[image: ]


Figure 2: Phylogenetic relationships of the Altai Neanderthal.[image: ]


Figure 3: Indications of inbreeding in the Altai Neanderthal individual.[image: ]


Figure 4: Inference of population size change over time.[image: ]


Figure 5: Relatedness of introgressing archaic and sequenced archaic samples.[image: ]


Figure 6: Neanderthal gene flow into Siberian Denisovans.[image: ]


Figure 7: Altai and Denisovan allele sharing with Africans stratified by African allele frequency.[image: ]


Figure 8: A possible model of gene flow events in the Late Pleistocene.[image: ]
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                All sequence data have been submitted to the European Nucleotide Archive (ENA) and are available under the following accessions: Altai Neanderthal: ERP002097, Mezmaiskaya Neanderthal: ERP002447. The data from the 25 present-day human genomes and 13 experimentally phased present-day genomes are available as a public dataset from http://aws.amazon.com/datasets/ and from http://cdna.eva.mpg.de/neandertal/altai/.
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Extended data figures and tables

Extended Data Figure 1 Heterozygosity estimates for the Altai Neanderthal individual, the Denisovan individual, non-Africans and Africans.
The bars for the latter two give the range of heterozygosity observed among 15 non-African and 10 African individuals, respectively (Supplementary Information section 9).


Extended Data Figure 2 Neanderthal-introgressed loci in Denisova.
Divergence of the Altai Neanderthal to the most closely related Denisovan haplotype in windows of at least 200 kb on chromosome 6. Divergence is given as percentage of human–chimpanzee divergence and bars represent ± 1 standard error.


Extended Data Table 1 Neanderthal ancestry estimateFull size table


Extended Data Table 2 Selected D-statistics supporting inferences about gene flowsFull size table


Extended Data Table 3 Lineage-specific segmental duplications along each of the terminal branches and genes encompassedFull size table
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Genome sequence of Neanderthal woman
Recent excavations in the Denisova Cave in the Altai Mountains of southern Siberia have yielded a wealth of hominin fossils from a site that has been occupied for perhaps 250,000 years or more. Now a high-quality genome sequence has been determined from a circa 50,000-year-old toe bone — a proximal toe phalanx — excavated from the east gallery of Denisova Cave in 2010. The sequence is that of a Neanderthal woman whose parents were closely related — perhaps half-siblings or uncle and niece. Such inbreeding was also common among her recent ancestors. Comparisons with other archaic and present-day human genomes reveal several gene-flow events among Neanderthals, the closely related Denisovans and early modern humans, possibly including gene flow into Denisovans from an unknown archaic group. The high-quality Neanderthal genome also helps to establish a definitive list of substitutions that became fixed in modern humans after their separation from the ancestors of Neanderthals and Denisovans.
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