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            Abstract
Clovis, with its distinctive biface, blade and osseous technologies, is the oldest widespread archaeological complex defined in North America, dating from 11,100 to 10,700 14C years before present (bp) (13,000 to 12,600 calendar years bp)1,2. Nearly 50 years of archaeological research point to the Clovis complex as having developed south of the North American ice sheets from an ancestral technology3. However, both the origins and the genetic legacy of the people who manufactured Clovis tools remain under debate. It is generally believed that these people ultimately derived from Asia and were directly related to contemporary Native Americans2. An alternative, Solutrean, hypothesis posits that the Clovis predecessors emigrated from southwestern Europe during the Last Glacial Maximum4. Here we report the genome sequence of a male infant (Anzick-1) recovered from the Anzick burial site in western Montana. The human bones date to 10,705 ± 35 14C years bp (approximately 12,707–12,556 calendar years bp) and were directly associated with Clovis tools. We sequenced the genome to an average depth of 14.4× and show that the gene flow from the Siberian Upper Palaeolithic Mal’ta population5 into Native American ancestors is also shared by the Anzick-1 individual and thus happened before 12,600 years bp. We also show that the Anzick-1 individual is more closely related to all indigenous American populations than to any other group. Our data are compatible with the hypothesis that Anzick-1 belonged to a population directly ancestral to many contemporary Native Americans. Finally, we find evidence of a deep divergence in Native American populations that predates the Anzick-1 individual.
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                    Figure 1: Geographic and 14C dating overview, and examples of artefacts from the site.[image: ]


Figure 2: Genetic affinity of Anzick-1.[image: ]


Figure 3: Simplified schematic of genetic models.[image: ]


Figure 4: Estimated drift and maximum likelihood tree.[image: ]
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                Data deposits

                Sequence data (fastq files) for Anzick-1 is available for download through NCBI SRA accession number SRX381032. Additionally, alignments and genotype calls are available for download at http://www.cbs.dtu.dk/suppl/clovis/. Raw reads (fastq files) and alignments (BAM files) for the two modern genomes sequenced in this study are available for demographic research under data access agreement with E.W. The Cervus elaphus sequences are available under GenBank accessions KF906070, KF906071 and KF906072.
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Extended data figures and tables

Extended Data Figure 1 DNA fragmentation, damage and type-specific error.
a, Left, fragment length distribution of the Anzick-1 DNA sequences mapping to a human reference genome. The maximum read length with the applied chemistry on the HiSeq Illumina platform is 94 base pairs (100 − 6 base pair index read), hence the large peak at this length simply represents the entire tail of the distribution. Right, the declining part of the distribution for the nuclear DNA, and the fit to an exponential model. The decay constant (λ) is estimated to 0.018. b, Damage patterns for the Anzick-1 individual in a random 0.5% subset of all mapped reads. Mismatch frequency relative to the reference as function of read position, C to T in red and G to A in blue. c, Type-specific error rates for the Anzick-1 sample and the individual libraries. Estimates of overall error rates are given on the right.


Extended Data Figure 2 mtDNA and Y-chromosome subtrees.
a, Schematic phylogenetic tree of mtDNA haplogroup D4h3 and its sub-branch D4h3a. Mutations from the root of haplogroup D4h are specified only for haplogroup D4h3a lineage; diagnostic mutations are shown only for defined sub-branches on solid lines. The haplotypes of Anzick-1, identical with the root haplotype of D4h3a, and an ancient full sequence from the northwestern coast of North America (Ancient939), are indicated in red. Insertions are indicated with ‘.’ followed by a number of inserted nucleotides (X if not specified), deletions are indicated with ‘d’ and back mutations to ancestral state with ‘!’. The geographical spread of sub-branches of haplogroup D4h is shown with different colours specified in figure legend. b, Placement of Anzick-1 within the Y-chromosome phylogeny. Anzick-1 (circled) represents Y-chromosome haplogroup Q-L54*(xM3) (blue), which is offset by haplogroup Q-M3 (dark blue). The lineage carried by the ancient Saqqaq Palaeo-Eskimo (light blue) constitutes an outgroup to Q-L54. Each branch is labelled by an index and the number of transversion SNPs assigned to the branch (in brackets). Terminal taxa (individuals) are also labelled by population, ID and haplogroup. Branches 21 and 25 represent the most recent shared ancestry between Anzick-1 and other members of the sample. Branch 19 is considerably shorter than neighbouring branches, which have had an additional ∼12,600 years to accumulate mutations.


Extended Data Figure 3 Ancestry proportions of Anzick-1 as determined by Admixture assuming the number of hypothetical ‘ancestral’ populations or genetic components, K, is 3 to 5 and 9 to 11 for a set of 135 extant Eurasian, Oceanian and New World populations.
Shown are results from one of the converged runs at each K. We note that the model at K = 11 was found to have the best predictive accuracy as determined by the lowest cross validation index values (see Supplementary Information). At each K each sample is represented by a stacked vertical bar whereas these of Anzick-1 are magnified and presented horizontally at the top. Note that irrespective of the number of genetic components, K, assumed, the Anzick-1 sample shares all the components present in different contemporary Native American populations.


Extended Data Figure 4 Anzick-1 is closer to Central/Southern Native Americans than Northern Native Americans.
a–d, The closer relationship between Anzick-1 and Southern Native Americans compared to Algonquin, Cree, Ojibwa and a Yaqui individual is consistent for different 44 Southern and Central Native American populations to Anzick-1. We used the test D(Han, Anzick-1; Algonquin/Cree/Ojibwa/Yaqui, Central/Southern Native Americans). Thick and thin whiskers represent 1 and 3 standard errors, respectively.


Extended Data Figure 5 Outgroup f3 -statistics contrasted for different combinations of populations.
a, Shared genetic history with Anzick-1 compared to shared genetic history with the three Northern Amerind-speaking populations. b, c, Shared genetic history with the Anzick-1 individual compared to the ∼4,000-year-old Saqqaq from Greenland. d, e, Anzick-1 compared to shared genetic history with the 24,000-year-old MA-1 individual from Central Siberia. f, g, Shared genetic history with Anzick-1 compared to shared genetic history with the 40,000-year-old Tianyuan individual from China.


Extended Data Figure 6 Pairwise outgroup f3 statistics computed using Saqqaq, Han, French or ancient MA-1 (Mal’ta) on the x axis and Anzick-1, Karitiana or Mayan on the y axis.
The black line indicates the y = x line.


Extended Data Table 1 Accelerator Mass Spectrometry (AMS) 14C and stable isotope analyses of human bone and antler artefacts from the Anzick site, MontanaFull size table


Extended Data Table 2 Statistics of the genome sequence data used in the study and high-confidence genotype callsFull size table


Extended Data Table 3 Sequencing and mapping statistics for the Anzick-1 librariesFull size table


Extended Data Table 4 Site patterns and drift estimates for non-African populations versus the Anzick-1 sampleFull size table
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        Editorial Summary
Ancient genome maps Native American ancestry
The Clovis complex is an archaeological culture distributed widely in North America. Dating to around 13,000 years ago it is characterized by distinct stone tools including a spear blade known as the Clovis point. Just who made these tools has been a subject of much speculation based on sparse information. There is now more to go on with the publication of the first genome sequence of an ancient North American individual. The genome is that of a male infant (Anzick-1) from the Clovis burial at the Anzick site in Montana. The partial skeleton, buried about 12,600 years ago, was found in association with scores of ochre-painted stone tools. Its genome is from a population from which contemporary Native Americans are descended and is more closely related to all indigenous American populations than to any others. These findings refute the hypothesis that the Clovis people migrated from Europe, are consistent with a human occupation of the Americas a few thousand years before Clovis, and suggest that contemporary Native Americans are descendants of the first people to settle successfully in the Americas.
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