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            Abstract
The appearance of people associated with the Lapita culture in the South Pacific around 3,000 years ago1 marked the beginning of the last major human dispersal to unpopulated lands. However, the relationship of these pioneers to the long-established Papuan people of the New Guinea region is unclear. Here we present genome-wide ancient DNA data from three individuals from Vanuatu (about 3,100–2,700 years before present) and one from Tonga (about 2,700–2,300 years before present), and analyse them with data from 778 present-day East Asians and Oceanians. Today, indigenous people of the South Pacific harbour a mixture of ancestry from Papuans and a population of East Asian origin that no longer exists in unmixed form, but is a match to the ancient individuals. Most analyses have interpreted the minimum of twenty-five per cent Papuan ancestry in the region today as evidence that the first humans to reach Remote Oceania, including Polynesia, were derived from population mixtures near New Guinea, before their further expansion into Remote Oceania2,3,4,5. However, our finding that the ancient individuals had little to no Papuan ancestry implies that later human population movements spread Papuan ancestry through the South Pacific after the first peopling of the islands.
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                    Figure 1: Data from ancient and present-day populations.[image: ]


Figure 2: Genetic characteristics of the Oceanian ancestry cline.[image: ]


Figure 3: A model of population history.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Medieval DNA from Soqotra points to Eurasian origins of an isolated population at the crossroads of Africa and Arabia
                                        
                                    

                                    
                                        Article
                                        
                                         08 February 2024
                                    

                                

                                Kendra Sirak, Julian Jansen Van Rensburg, … David Reich

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The genomic landscape of Mexican Indigenous populations brings insights into the peopling of the Americas
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 October 2021
                                    

                                

                                Humberto García-Ortiz, Francisco Barajas-Olmos, … Lorena Orozco

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Genomic insights into the formation of human populations in East Asia
                                        
                                    

                                    
                                        Article
                                        
                                         22 February 2021
                                    

                                

                                Chuan-Chao Wang, Hui-Yuan Yeh, … David Reich

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  European Nucleotide Archive
	
                    
                        PRJEB14728
                      

                  


                
              
              
                Data deposits

                The aligned sequences are available through the European Nucleotide Archive under accession number PRJEB14728. The newly reported SNP genotyping data for the subset of individuals who provided informed consent consistent with fully public distribution are available at http://genetics.med.harvard.edu/reichlab/Reich_Lab/Datasets.html. To access data for the remaining samples, researchers should send a signed letter to D.R. containing the following text: “(a) I will not distribute the data outside my collaboration; (b) I will not post the data publicly; (c) I will make no attempt to connect the genetic data to personal identifiers for the samples; (d) I will use the data only for studies of population history; (e) I will not use the data for any selection studies; (f) I will not use the data for medical or disease-related analyses; (g) I will not use the data for commercial purposes.” Extended Data Table 2 specifies which samples are consistent with which type of data distribution.
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Extended data figures and tables

Extended Data Figure 1 Ancient DNA authenticity.
a, PCA performed as for Fig. 1, but with the four ancient individuals represented only by sequences that show clear evidence of post-mortem damage (PMD score of at least 3) to remove contaminating sequences that might be present17,18. The numbers of SNPs remaining after restriction to damaged sequences is 68,450 SNPs for I1368; 98,722 SNPs for I1369; 83,024 SNPs for I1370; and 117,023 SNPs for CP30. The lines indicate the projection of the samples when no damage-restriction is performed. The large number of SNPs retained, and the fact that the ancient individuals cluster tightly and have the same qualitative positioning in the plot as Fig. 1, indicates that contamination did not contribute to our findings. We also find that estimates of Papuan ancestry using PMD score restricted data are consistent with those obtained using the full data (see Methods). b, Post-mortem damage patterns for genome-wide in-solution enrichment data from four ancient individuals.


Extended Data Figure 2 f-statistics document the Oceanian ancestry cline.
a, Shared genetic drift with the ancient Vanuatu individuals is negatively related to shared drift with Australians. Except for the ancient Tongan individual, populations from Taiwan, the Philippines and Polynesia share the most genetic drift with the ancient Vanuatu individuals, who are not shown in the plot because they are used as reference in the computation. The trend line was fitted without the East Asian populations in the off-cline cluster. The absence of off-cline Oceanian individuals suggests the possibility that present-day Oceanians may largely be derived from a mixture of two source populations. b, The ancient Vanuatu individuals and the ancient Tongan individual maximize statistics of the form f4(Yoruba, Test; Australian, Oceanian), suggesting that they are the most closely related to the East Asian ancestry in Oceanians of any sampled population. The trend line was fitted using populations >0.005 on the x-axis, together with the two populations with the lowest values on the x-axis (Papuan and New_Guinea). c, Biplot of First Remote Oceanian ancestry proportions against conditional heterozygosity. Populations with intermediate admixture proportion show the greatest genetic diversity. Thick and thin error bars in all panels are 1 and 1.96 standard errors of the estimate, respectively.


Extended Data Figure 3 Admixture date estimates.
a, Histogram of the point estimate dates in Fig. 2d. b, Admixture date estimates for Tongans using different pairs of source populations (‘Lapita’ in this figure refers to the pool of ancient Vanuatu individuals). Error bars show 1 (thick whiskers) and 1.96 (thin whiskers) standard errors. WGA, whole-genome amplified DNA.


Extended Data Figure 4 Admixture graph inferred using Treemix.
a, A simple tree-like model without admixture fits the data poorly, as can be seen from the matrix of residuals between empirical and modelled allele frequency covariance on the right. b, The optimal placement of a single 25% admixture event is from the lineage related to New Guinean Highlanders into the lineage leading to Tongans. Tongans derive the other portion of their ancestry from the lineage leading to the two ancient groups of individuals. This graph has no significant deviations between empirical and modelled allele frequency covariances.


Extended Data Figure 5 Admixture graphs modelling the population history of Australians.
Outlier f4-statistics are shown (|Z| > 3). a, A model with a single admixture edge positing that Australians are an outgroup to the Papuan ancestry in Tongans does not fit the data (5 outlier statistics). b, An alternative model with 2 admixture edges in which the Papuan ancestry in Tongans also contributed to Australians fits the data (no outliers). c, A model with 2 admixture edges in which New Guinean Highlanders are admixed from an Australian source after the divergence of the Papuan source in Tongans does not fit the data (5 outliers). d, A model with 2 admixture edges in which the Papuan ancestry in Tongans is intermediate between the New Guinean Highlander lineage and the Australian lineage. Branch lengths are in units of FST × 1,000. Lapita in this figure refers only to Vanuatu, which is the only group for which we have multiple individuals.


Extended Data Figure 6 First Remote Oceanian ancestry today comes primarily from females.
a, Illustration of the rationale for using the X chromosome to study asymmetrical admixture between males and females. The example on the left illustrates admixture with equal proportion of males and females in both the red and the yellow ancestral population. The example on the right illustrates an extreme case of asymmetrical admixture where the red ancestral population only contributes females and the yellow ancestral population only contributes males to the admixed generation, demonstrating the disproportional contribution of X chromosomes by females to the admixed population. b, Female and male ancestral contributions based on an admixture model fitted to estimated ancestry proportions on the autosomes and X chromosome. We show the 95%, 70%, and 5% highest posterior intervals for four selected populations from Polynesia (Samoans), the Solomon Islands (Kolombangara), Bougainville (Nasioi), and mainland New Guinea (Papuans).


Extended Data Table 1 In-solution DNA enrichment and sequencing of ancient individualsFull size table


Extended Data Table 2 356 individuals newly genotyped on the Human Origins ArrayFull size table


Extended Data Table 3 f-statistics for populations on the Oceanian clineFull size table


Extended Data Table 4 Ancestry estimates for populations on the Oceanian clineFull size table
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