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As human populations left Asia to first settle in Oceania around 50,000 years ago, they entered a territory ecologically separated from the Old World for millions of years. We analyzed genomic data of 239 modern Oceanian individuals to detect and date signals of selection specific to this region. Combining both relative and absolute dating approaches, we identified a strong selection pattern between 52,000 and 54,000 years ago in the genomes of descendants of the first settlers of Sahul. This strikingly corresponds to the dates of initial settlement as inferred from archaeological evidence. Loci under selection during this period, some showing enrichment in Denisovan ancestry, overlap genes involved in the immune response and diet, especially based on plants. Pathogens and natural resources, especially from endemic plants, therefore appear to have acted as strong selective pressures on the genomes of the first settlers of Sahul.

Data and code availability Introduction

. Sahul was a completely new environment to which humans had to adapt culturally and probably biologically. But undoubtedly, humans migrated across the continent rapidly, reaching the south of Australia around 49,000 YBP, eastern New Guinea around 47,000 YBP and the Bismarck Archipelago further to the east around 43,000 YBP (Summerhayes et al., 2017). They settled a wide range of environments, from the savannah dry lands in the south to the tropical forests in the north, deep inlands and the coasts. Currently the descendants of this exceptional chapter of human history have

genetic diversity (i) to define periods of natural selection during the initial settlement of north Sahul, (ii) to characterize the contribution of Denisovan ancestry to Oceanian biological adaptations, and (iii) to identify biological functions under selection in Oceanian individuals.

Results

Dating the Oceanian genetic diversity

The ages of coalescence for 13,459,472 SNPs were obtained using GEVA [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF] on a dataset of 569 phased whole genome sequences previously described [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF] and representing a large worldwide panel of genetic diversity (

). We used this approach as it requires no prior knowledge about demographic histories or selection events to infer the dates of genetic variants present in large-scale datasets. It is robust to the frequency and sequencing errors, but it relies on the assumptions of a single origin for each allele and a fixed recombination rate. In this absolute dating approach, our ages of coalescence are significantly correlated with the ages of coalescence previously obtained from genomes also included in our dataset (SGDP dataset: ρ = 0.87, p < 10 -16 , ) [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF][START_REF] Mallick | The Simons genome diversity project: 300 genomes from 142 diverse populations[END_REF]. In Oceanian populations (Figure 1A), we defined the ages of coalescence for 1,790,625 Oceanian-specific SNPs ( ). We defined Oceanian-specific SNPs as variants absent in the rest of the dataset, which includes several East Asian (n = 55) and West Island Southeast Asian genomes (n = 68, ), to limit the influence of recent Asian genetic ancestry found in modern Oceanian genomes as seen in PCA and ADMIXTURE analyses (between 22 and 76%, and ).
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Figure 1 i Images are optimised for fast web viewing. Click on the image to view the original version.

For each continental region, the cumulative distribution of ages of coalescence of variants within a given frequency bin were estimated, as in ( ), which coincides with previous reports on the Oceanian genetic divergence from Africa [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Malaspinas | A genomic history of Aboriginal Australia[END_REF][START_REF] Pagani | Genomic analyses inform on migration events during the peopling of Eurasia[END_REF]. However, as with other continental groups, the vast majority of the Oceanian-specific SNPs appeared between 10,000YBP and 20,000YBP ( ). We focused on the genetic diversity in three Oceanian regions, Wallacea, New Guinea, and the Bismarck Archipelago (Figure 1A), chosen as representative groups for the major demographic movements between Sunda and Sahul that have been previously described [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF]). These regional groups are related but genetically differentiated (0.02 < Fst<0.05;

). SNPs exclusively present in one of the three Oceanian regions have a distribution of ages with a peak of diversity in the last 10,000 years (Figure 1C). No major differences in the distribution of ages are found between the three Oceanian regions of interest, although New Guinean diversity apparently increased earlier than in the two other groups (Figures 1C and ).

Focusing on the introgressed archaic fragments using an HMM method ( ) [START_REF] Skov | Detecting archaic introgression using an unadmixed outgroup[END_REF], all three

Oceanian groups show a higher proportion of Denisovan ancestry than Neanderthal ancestry (Figures 1D and ) as expected [START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF]. Remarkably, most SNPs present in Denisovan fragments have an age of coalescence between 35,000 and 45,000 YBP (Figures 1D and ). Looking at SNPs only present in each of the three Oceanian groups, a high proportion of Denisovan ancestry is observed in New Guinean genomes around 42,000 YBP ( ). However, in each of the three region groups most SNPs in archaic fragments have an age of coalescence of 10,000 years, suggesting that they are unlikely to be archaic SNPs ( ). Noting that the analysis performed with GEVA is not optimal to determine the age of coalescence of introgressed variants (i.e., poorer knowledge of mutation rates in archaic genomes, population size of archaic hominins, no modeling of admixture processes), the genetic variants showing more recent ages than the assumed date of admixture with Denisovan (between 35,000 and 45,000 YBP) [START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF] probably corresponds to variants that emerged in the human genome after the admixture event with Denisovan rather than 'true' Denisovan SNPs. We crossmatched these Fxp results with our resource of estimated ages of coalescence to combine our absolute and relative chronologies. Both New Guinean and Bismarck Archipelago genomes show a significant enrichment of signals of selection for SNPs dating between 52,000 and 54,000 YBP (Z > 6, p < 10 -9 , Figure 2A). This convergence of results is remarkable because the genetic diversity of New Guinea and the Bismarck Archipelago are highly divergent ( ) [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Pedro | Papuan mitochondrial genomes and the settlement of Sahul[END_REF]. It suggests that a strong selective pressure acted on the genomes of the ancestors of both New Guineans and Bismarck Archipelago Islanders around these dates. The chronology of selection signals in the Bismarck Archipelago also shows enrichment around 42,000 and 43,000 YBP (Z > 6, Figure 2 B). This result is confirmed when using New Guinean genomes as a reference in the calculation of the Fxp score ( ), indicating that a secondary strong selective force acted on Bismarck Islander genomes at this period. Our analyses also reveal that both New Guinean and the Bismarck Islander genomes have a significantly lower number of signals of selection for SNPs dating between 10,000 and 30,000 YBP (Z < -6, p < 10 -9

Chronology of signals of selection

, Figures 2A and2B). These patterns are also detected by the Fehh scores, combining iHS [START_REF] Voight | A map of recent positive selection in the human genome[END_REF]), nSL (Ferrer-Admetlla et al., 2014), and iHH12 [START_REF] Garud | Recent selective sweeps in North American Drosophila melanogaster show signatures of soft sweeps[END_REF] indexes (with no reference population) for both New Guineans and Bismarck Archipelago Islanders, but not for the Wallaceans ( ). It indicates that the obtained results are specific to the descendants of the first settlers of north Sahul.

We estimated the enrichment for Denisovan ancestry along the genomes of New Guineans and Bismarck Islanders and

Wallaceans (

). The Fxp signals of selection are not enriched for Denisovan ancestry (Z < 2, p > 10 -2 ).

However, a higher proportion of Denisovan ancestry is observed in SNPs under selection at certain time frames: i Images are optimised for fast web viewing. Click on the image to view the original version.
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Figure S14 S14 signaling pathway [START_REF] Mcmichael | The palmitoyltransferase ZDHHC20 enhances interferon-induced transmembrane protein 3 (IFITM3) palmitoylation and antiviral activity[END_REF]Rana et al., 2018). This locus is also detected in the Fehh scores in both New Guineans and Bismarck Archipelago Islanders but not in Wallaceans ( and ). Our results therefore indicate that the pathogenic environment and dietary resources might have acted as strong selective forces on the genomes of the first settlers of north Sahul.

Denisovan enrichment analyses, using both Skov's HMM and Q95 statistics, in New Guineans and Bismarck Archipelago Islanders showed significant results for genes of the immune system such as TNFAIP3 (Zammit et al., 2019) and the GBP locus [START_REF] Kim | Interferon-induced guanylate-binding proteins in inflammasome activation and host defense[END_REF] and genes involved in metabolism such as SUMF1 [START_REF] Cosma | The multiple sulfatase deficiency gene encodes an essential and limiting factor for the activity of sulfatases[END_REF] and PPRAG [START_REF] Fritzius | Akt-and Foxo1-interacting WD-repeat-FYVE protein promotes adipogenesis[END_REF]) ( ) as previously reported [START_REF] Choin | Genomic insights into population history and biological adaptation in Oceania[END_REF][START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF][START_REF] Sankararaman | The combined landscape of denisovan and neanderthal ancestry in present-day humans[END_REF][START_REF] Vernot | Excavating neandertal and denisovan DNA from the genomes of melanesian individuals[END_REF]. However most of these genes are also enriched in Wallacean genomes resulting in low Fxp values ( ), indicating that these adaptive introgressions were probably already selected before the settlement of north Sahul.

Discussion

Our study offers a chronology of events of natural selection on human genomes from Oceania. The Oceanian genetic diversity has a median age of coalescence of 78,795 YBP, older than other non-African continental groups. It is in agreement with previous studies on the genetic divergence of Oceanian genomes from African genomes [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Malaspinas | A genomic history of Aboriginal Australia[END_REF][START_REF] Pagani | Genomic analyses inform on migration events during the peopling of Eurasia[END_REF]Wohns et al., 2022). This in turn probably reflects the long demographic history of Oceanian groups, which have been relatively isolated from other continents [START_REF] Malaspinas | A genomic history of Aboriginal Australia[END_REF]. However, as with other continental groups, the vast majority of Oceanian-specific SNPs appeared between 10,000 and 20,000 YBP, which corresponds to the end of the Last Glacial Maximum era and a demographic expansion of most human groups (Bergstrom et al., 2020). The relatively more recent ages of SNPs in Wallacea and the Bismarck Archipelago compared to New Guinea could be attributed to the population dynamics induced by the Austronesian influence 3,000 YBP [START_REF] Hudjashov | Complex patterns of admixture across the Indonesian archipelago[END_REF] or a possible expansion in New Guinea earlier than in other islands, perhaps related to its own development of farming practices. Overall, the ages of coalescence of SNPs in these three

Oceanian groups follow an expected trajectory, as in other non-African groups, showing region-specific genetic diversity slowly emerging around 70,000 YBP, after the out-Of-Africa event, and reaching its peak around 10,000

YBP following the end of the Last Glacial Maximum era.

Within the unique genetic diversity of Oceania, Denisovan ancestry is remarkable by its high proportion (around 3-4%) [START_REF] Reich | Denisova admixture and the first modern human dispersals into Southeast Asia and Oceania[END_REF]. We found that most Oceanian SNPs in introgressed Denisovan tracks have an age of coalescence between 35,000 and 45,000 YBP. These inferred ages of coalescence are in the time frame of admixture events with Denisovans previously reported for the Oceanian region (30,000-46,000 YBP) [START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF][START_REF] Malaspinas | A genomic history of Aboriginal Australia[END_REF] and probably reflects a period shortly after the admixture event during which the Denisovan introgressed fragments were large enough to accumulate new genetic variants driven by modern human population dynamics in Oceania. We also detected a Denisovan signature around 42,000 YBP specific to New Guineans, which might correspond to a potential second admixture event with Denisovans [START_REF] Choin | Genomic insights into population history and biological adaptation in Oceania[END_REF][START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF], although this would need to be explored further.

Looking at enrichment of Denisovan ancestry and signs of selective force, most loci identified in all three Oceanian regional groups have already been reported, such as the immune genes involved in the type-I IFN pathway: TNFAIP3, IFNGR1, the GBP locus and the SIGLEC locus [START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF][START_REF] Mendez | A haplotype at STAT2 Introgressed from neanderthals and serves as a candidate of positive selection in Papua New Guinea[END_REF][START_REF] Natri | Genome-wide DNA methylation and gene expression patterns reflect genetic ancestry and environmental differences across the Indonesian archipelago Preprint at bioRxiv[END_REF][START_REF] Sankararaman | The combined landscape of denisovan and neanderthal ancestry in present-day humans[END_REF][START_REF] Vernot | Excavating neandertal and denisovan DNA from the genomes of melanesian individuals[END_REF]. None of these genes show strong Fxp signals. It indicates that the signal of selection on Denisovan fragments likely predated the initial settlement of north Sahul, as shown by signals of adaptive Denisovan introgression in TNFAIP3 in South Asian genomes [START_REF] Jagoda | Disentangling immediate adaptive introgression from selection on standing introgressed variation in humans[END_REF].

However, we show that migration from one ecozone to another, from Wallacea to north Sahul, drove a significant pressure of selection on the human genetic diversity of the first settlers around 52,000-54,000 YBP. This remarkably corresponds to the date of the initial settlement based on archaeological data, around 50,000 YBP [START_REF] Summerhayes | The archaeology of forest exploitation and change in the tropics during the Pleistocene: the case of Northern Sahul (Pleistocene New Guinea)[END_REF]. Our analytical approach combining both absolute and relative chronologies shows that focusing on loci influenced by natural selection could help to decipher the complexity of Oceanian genomes. Similarly, the genomes of Bismarck Archipelago Islanders showed a peak of signals of selection around 42,000-43,000, which coincides with the likely date of the first human settlement in the archipelago based on archaeological studies [START_REF] Summerhayes | The archaeology of forest exploitation and change in the tropics during the Pleistocene: the case of Northern Sahul (Pleistocene New Guinea)[END_REF]. This indicates that these two major migratory events of the first settlers of north Sahul were followed by strong selective forces on variants appearing at this period. In parallel, we found a significantly low number of signals of selection between 10,000 and 30,000 YBP in both New Guineans and Bismarck Islanders, which corresponds to a period of a reduced demographic dynamics during the Last Glacial Maximum (18,000-30,000 YBP) [START_REF] Summerhayes | The archaeology of forest exploitation and change in the tropics during the Pleistocene: the case of Northern Sahul (Pleistocene New Guinea)[END_REF] as previously reported in [START_REF] Pedro | Papuan mitochondrial genomes and the settlement of Sahul[END_REF]. Our study strikingly shows that the genomes of the descendants of the first settlers of the New Guinea region are marked by selective forces that acted on genetic variants emerging at key steps during their migration.

At the time of the initial settlement of north Sahul, the selective pressure mainly acted on genes related to the immune system and diet. One of the strongest signals in both New Guinean and Bismarck Archipelago groups overlaps the

Figure S16 gene ZDHHC20. This gene encodes an important regulator of the type-I IFN pathway to ensure a robust antiviral response [START_REF] Mcmichael | The palmitoyltransferase ZDHHC20 enhances interferon-induced transmembrane protein 3 (IFITM3) palmitoylation and antiviral activity[END_REF]. Our result indicates a possible fine-tuning of the immune response by humanspecific variants in ZDHHC20, through the IFN pathway, which includes several genes enriched for Denisovan ancestry like TNFAIP3 and the GBP locus. On the other hand, ZDHHC20 is co-opted by some viruses to potentiate their replication cycle as recently shown by its key role in the S-acylation of the spike protein of SARS-CoV-2 [START_REF] Mesquita | S-acylation controls SARS-CoV-2 membrane lipid organization and enhances infectivity[END_REF]. The genetic variants of ZDHHC20 in New Guinean and Bismarck Islander genomes might have been selected against an ancient viral pathogenic pressure, similarly to Asian populations [START_REF] Souilmi | An ancient viral epidemic involving host coronavirus interacting genes more than 20,000 years ago in East Asia[END_REF], which could be of important consequence today given the dramatic impact of the COVID-19 disease on the populations of the region [START_REF] Dong | An interactive web-based dashboard to track COVID-19 in real time[END_REF].

Another strong signal of selection overlaps the gene RARB, showing a relative enrichment of Denisovan ancestry. This gene encodes a receptor of retinol involved in intestinal adaptive immunity, through the development and recruitment of intestinal B and T cells [START_REF] Bang | Serum amyloid A delivers retinol to intestinal myeloid cells to promote adaptive immunity[END_REF][START_REF] Mora | Generation of gut-homing IgA-secreting B cells by intestinal dendritic cells[END_REF]. Reduced availability of retinol in the intestine was shown to directly increase susceptibility to infectious diseases [START_REF] Bhaskaram | Micronutrient malnutrition, infection, and immunity: an overview[END_REF]. Retinol is a derivative of vitamin A which can be found in animal food sources (e.g., fish liver) and in vegetable food, in the form of some carotenes (e.g., pandanus fruit, yams) [START_REF] Bang | Serum amyloid A delivers retinol to intestinal myeloid cells to promote adaptive immunity[END_REF]. Retinol is metabolized by the enzyme CYP26, which is regulated by the cytochrome P450 reductase encoded by the gene POR also showing a strong signal of selection [START_REF] Pandey | NADPH P450 oxidoreductase: structure, function, and pathology of diseases[END_REF]. Both signals of selection in RARB and POR strongly suggest a role of diet and the intake of Vitamin A as a major selective force. Another strong signal of selection overlaps the gene KCNMB2, whose expression is linked to the intake of folic acid [START_REF] Ryan | A paternal methyl donor-rich diet altered cognitive and neural functions in offspring mice[END_REF], a form of vitamin B that is present at high levels in green vegetables [START_REF] Crider | Folic acid food fortification-its history, effect, concerns, and future directions[END_REF]. It is remarkable that several of the most significant signals of selection in the genomes of New Guineans and Bismarck Islanders overlap genes related to food intake, especially from plants. The diet of modern New Guineans and Bismarck Islanders relies on a large proportion of local plant resources [START_REF] Attenborough | Papuan Pasts: Cultural, Linguistic and Biological Histories of Papuan-Speaking Peoples[END_REF], among the richest of the world (Cámara-Leret et al., 2020), with agricultural practices independently developed around 8,000 years ago [START_REF] Denham | Origins of agriculture at Kuk swamp in the highlands of new Guinea[END_REF]. Archaeological records revealed that yams and pandanus fruits were exploited since the first arrival of modern humans in New Guinea (47,000 YBP, Ivane Valley) [START_REF] Summerhayes | Human adaptation and plant use in highland New Guinea 49,000 to 44,000 years ago[END_REF]. The first settlers of north Sahul had to find edible resources in a continent unknown to humans and ecologically separated from the rest of the world for millions of years. This context must have been challenging and potentially drove genetic adaptations in genes related to diet to favor the use of local plant resources.

Our study provides a large set of estimated ages for genomic variants specific to Oceania, complementing previous work in other geographical regions [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF]), which will be valuable for future studies. The genomes of New Guineans and Bismarck Archipelago Islanders show a strong signature of natural selection in genes related to the immune response and diet, with variants emerging at the time of the initial settlement of north Sahul.

Future genomic work with Indigenous Australians and ancient Oceanian genomics will complement this analysis on the adaptive strategies of the first settlers. Moreover, functional genomics analyses and genetic association with adaptive phenotypic traits will be necessary to validate the identified candidate genes [START_REF] André | Phenotypic differences between highlanders and lowlanders in Papua New Guinea[END_REF][START_REF] Dannemann | Harnessing pluripotent stem cells as models to decipher human evolution[END_REF]. Our work reporting a chronology of natural selection in Oceanian genomes does however highlight the initial settlement of the north of Sahul as a major evolutionary PAGE in human history.

Limitations of the study

Genetic dating is a notoriously challenging task (Wohns et al., 2022), which we chose to approach combining a relative and an absolute chronology of events. Several absolute dating methodologies were recently developed [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF][START_REF] Speidel | A method for genome-wide genealogy estimation for thousands of samples[END_REF]Wohns et al., 2022), all limited by data quality (e.g., sequencing, variant calling, phasing) and by the difficulty to integrate demographic processes such as admixture events (e.g., archaic hominin introgression). Future ancient DNA data will be important to calibrate absolute genetic dating approaches (Wohns et al., 2022), but it still represents a major technical challenge in tropical areas such as in most of Oceania [START_REF] Carlhoff | Genome of a middle holocene hunter-gatherer from Wallacea[END_REF][START_REF] Oliveira | Ancient genomes from the last three millennia support multiple human dispersals into Wallacea[END_REF]. Our relative dating approach is limited by demographic movements between Wallacea and New Guinea, following the initial settlement of Sahul, which we previously described [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Purnomo | Mitogenomes reveal two major influxes of papuan ancestry across Wallacea following the last glacial Maximum and austronesian contact[END_REF]. Population migrations out of New Guinea led to extensive gene flows, especially in Wallacea [START_REF] Oliveira | Ancient genomes from the last three millennia support multiple human dispersals into Wallacea[END_REF], which could influence our results, because we assigned our Wallacean data as the ancestral group. To mitigate these limitations, we focused on signals of selection present in both New Guinean and Bismarck Islander groups, less likely to be strongly biased by these secondary migratory waves in Wallacea.

  Distribution of ages of coalescence in Oceanian genomes (A) Map of analyzed populations. Red dots localize the three studied Oceanian regional groups in Wallacea (Flores Island), New Guinea (Papua New Guinean southeast coast), and the Bismarck Archipelago (New Britain). Black dots represent other groups included in our dataset ( ). (B) Cumulative distribution of ages of coalescence estimated with GEVA for Oceanian-specific SNPs binned by frequency. (C) Density plot of ages of coalescence for SNPs specific to each Oceanian regional group. (D) Density plot of ages of coalescence for SNPs present in archaic fragments in New Guinean genomes. The relative proportion of archaic ancestry, estimated with Skov's HMM method, is calculated as (Denisovan ancestry -Neanderthal ancestry)/(Denisovan ancestry + Neanderthal ancestry).TableS1
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Method details

Dataset

We compiled a dataset of 239 Oceanian whole genome sequences from publicly available data: the Simons Genome Diversity Project (SGDP) dataset [START_REF] Mallick | The Simons genome diversity project: 300 genomes from 142 diverse populations[END_REF], data from New Guinea [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF][START_REF] Malaspinas | A genomic history of Aboriginal Australia[END_REF], data from Indonesia [START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF] and data from the Bismarck Archipelago [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Vernot | Excavating neandertal and denisovan DNA from the genomes of melanesian individuals[END_REF] (Table S1). In the present study, the term 'Oceania' is used to include populations from Wallacea, New Guinea, Australia and the Bismarck Archipelago. Our dataset also includes genomes from other continental groups including Africa, East Asia, Europe, South Asia and America [START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF][START_REF] Mallick | The Simons genome diversity project: 300 genomes from 142 diverse populations[END_REF] (n = 330, Table S1), to compare our results to a previous report [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF]. Base-calling and per-sample gVCF files were generated using GATK HaplotypeCaller (reads mapping quality ≥20) [START_REF] Poplin | Scaling accurate genetic variant discovery to tens of thousands of samples Preprint at bioRxiv[END_REF]. Multisample VCF files were obtained with CombineGVCFs and GenotypeGVCFs. Genotype calls were subsequently filtered for base depth (≥8x and ≤400x) and genotyping quality (≥30) using BCFtools v. 1.4 [START_REF] Li | Toward better understanding of artifacts in variant calling from high-coverage samples[END_REF]. We removed sites within segmental duplications, repeats and low complexity regions based on publicly available masks (http://hgdownload.soe.ucsc.edu/goldenPath/hg19/database/genomicSuperDups.txt.gz; http://software.broadinstitute. org/software/genomestrip/node_ReferenceMetadata.html). Only biallelic sites with high quality variant calls in at least 99% of samples were retained, leading to a whole genome dataset of 569 individuals typed for 41,250,479 SNPs (Table S1). All whole genomes were phased using SHAPEIT v. 2.r79033 [START_REF] Delaneau | A linear complexity phasing method for thousands of genomes[END_REF] with default settings, except for the number of iterations IMPUTE2 v. 2.3.2 [START_REF] Howie | A flexible and accurate genotype imputation method for the next generation of genome-wide association studies[END_REF] https://mathgen.stats.ox.ac.uk/impute/impute_v2.html#do wnload EIGENSOFT v.7.2.1 [START_REF] Patterson | Population structure and eigenanalysis[END_REF] 200) and used the HapMap phase 2 genetic map [START_REF] International Hapmap | A second generation human haplotype map of over 3.1 million SNPs[END_REF] without a reference panel. Six continental groups of genomes were defined based on geography: Africa, Europe, East Asia, South Asia, America, and Oceania.

We defined three Oceanian regional groups to explore the signals of selection that emerged after the crossing Wallacea and the settlement of north Sahul [START_REF] Allen | A different paradigm for the initial colonisation of Sahul[END_REF]: one group from Wallacea (Flores Island, n = 45), one group from Papua New Guinea (PNG Southeast lowlands, n = 54), and one group from the Bismarck Archipelago (New Britain Island, n = 50, Table S1). Because populations from Papua New Guinea and the Bismarck Archipelago diverged early after the initial settlement of north Sahul [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF], any common signal of selection when compared to Wallaceans would suggest an ancient selective pressure (or a convergent adaptation). The Papua New Guinean group includes previously generated imputed genomes (n = 27) to increase the number of individuals to 45-50, matching the number of whole genomes for Wallacea and the Bismarck Archipelago ( Brucato et al., 2021). Briefly, genotyping data from Papua New Guinea (Bergstrom et al., 2017) were phased and imputed using all phased Papua New Guinean whole genomes as a reference panel (n = 166) with IMPUTE2 v. 2.3.2 [START_REF] Howie | A flexible and accurate genotype imputation method for the next generation of genome-wide association studies[END_REF]. All SNPs with an imputation score above 0.4 were kept, leaving 12,168,294 SNPs. The three Oceanian populations were constituted based on previous analyses [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF] (Table S1). Genetic structure was checked using Principal Components Analyses (PCA) computed with smartpca from the EIGENSOFT v.7.2.1 package [START_REF] Patterson | Population structure and eigenanalysis[END_REF].

Quantification and statistical analysis

Dating the genetic variation

The age of coalescence for each SNP was estimated using GEVA v1.beta, an absolute dating approach [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF]. This method does not require assumptions about the demographic or selective processes that shaped the underlying genealogy and is robust to the frequency and types of error found in modern whole-genome population sequencing studies. The age estimation process relies on the detection of haplotype segments, shared between hundreds of haplotype pairs, which are detected relative to a given target position. For each pair of chromosomes (concordant and discordant), a hidden Markov model is used to empirically calibrate an error model to estimate the region over which the MRCA does not change. From the inferred ancestral segment, an MRCA is estimated based on genetic distance and the number of mutations that have occurred on the branches. We used a mutation rate of 10 -8 and an effective population size of 10,000 [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF][START_REF] International Hapmap | A second generation human haplotype map of over 3.1 million SNPs[END_REF]. All parameters were set to the defaults. The analysis was performed in batches of 5,000 SNPs. Results were further filtered using the provided estimate.R script with the scaling parameter set as 10,000. Results based on the 'joint clock model' were analyzed in our study. We performed Spearman's and Pearson's correlation tests between all of our estimated ages of coalescence and those provided on the Atlas of Variant Age database for the human genomes in the SGDP dataset (https://human.genome.dating).

For each of the six continental (Oceania, Africa, Europe, East Asia, South Asia, America) and three regional groups (Wallacea, Papua New Guinea, Bismarck Archipelago), we estimated the cumulative distribution of ages of coalescence of SNPs according to their frequency in the respective group, as in [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF]: below 1%, 2.5%, 5%, 10%, 25%, 50%, and 100%. Similar plots were generated for West Island Southeast Asian genomes (n = 68, Table S1), a subgroup of the East Asian continental group geographically close to Wallacea. To define group-specific SNPs, we used vcftools v.0.1.15 [START_REF] Danecek | The variant call format and VCFtools[END_REF] to find variants present in a group but absent in all other groups. A kernel density estimate was computed to visualize the distribution of ages of coalescence for each group.

Signals of selection

We computed three different genomic scans for signals of selection in a target population compared to a reference population. This constitutes our relative dating approach. The indexes XP-EHH and XP-SL were computed with Selscan v.1.3.0 ( Szpiech and Hernandez, 2014) using the three regional groups, defining New Guinea or the Bismarck Archipelago as the target population and Wallacea as the reference population. Since human genetic diversity west of the Wallace line is largely dominated by Asian ancestry [START_REF] Hudjashov | Complex patterns of admixture across the Indonesian archipelago[END_REF][START_REF] Lipson | Reconstructing austronesian population history in Island Southeast Asia Preprint at bioRxiv[END_REF], the Wallacean population on Flores Island is the best proxy in our dataset of modern genomes for a genetic signature prior to the initial settlement of north Sahul. Previous reports showed that secondary gene flows from New Guinea to Wallacea occurred during the last 20,000 years [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Carlhoff | Genome of a middle holocene hunter-gatherer from Wallacea[END_REF][START_REF] Oliveira | Ancient genomes from the last three millennia support multiple human dispersals into Wallacea[END_REF][START_REF] Purnomo | Mitogenomes reveal two major influxes of papuan ancestry across Wallacea following the last glacial Maximum and austronesian contact[END_REF] but they do not affect the ability to detect signals related to earlier phases of human history [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF][START_REF] Jacobs | Multiple deeply divergent denisovan ancestries in papuans[END_REF]. Results of these selection scans were normalized with the norm function of Selscan v.1.3.0 [START_REF] Szpiech | selscan: an efficient multithreaded program to perform EHH-based scans for positive selection[END_REF]. The Population Branch Statistic (PBS) was computed (Yi et al., 2010) based on F ST distances, estimated with vcftools v0.1.15 [START_REF] Danecek | The variant call format and VCFtools[END_REF], for each SNP with a minor allele frequency (MAF) above 0.05 between each pair of a trio of populations: populations in New Guinea or the Bismarck Archipelago as targets; populations in Wallacea as the parental population; the population from Africa as the outgroup. Since this analysis can be sensitive to recent admixture, recent Eurasian genetic ancestry was masked in admixed individuals from New Guinea, Wallacea and the Bismarck Archipelago using PCAdmix v.1.0 [START_REF] Brisbin | PCAdmix: Principal components-based assignment of ancestry along each chromosome in individuals with admixed ancestry from two or more populations[END_REF]. Two parental metapopulations were defined by randomly choosing 100

Asian individuals and 100 New Guinean individuals. For the latter group, only unadmixed New Guinean whole genome sequences were chosen [START_REF] Brucato | Papua New Guinean genomes reveal the complex settlement of north Sahul[END_REF]. Posterior probabilities for non-Eurasian genetic ancestry above 0.9 were used to define SNPs with New Guinean ancestry. The result of the Asian ancestry masking was checked with ADMIXTURE v1.3 [START_REF] Alexander | Fast model-based estimation of ancestry in unrelated individuals[END_REF] ). XP-EHH, XP-SL and PBS analyses were also performed for the Bismarck Archipelago using New Guinea as reference to determine pattern of genetic adaptations specific to the Bismarck Archipelago.

The indexes of signals of selection were combined into a Fisher score (Fxp), following the method previously described [START_REF] Choin | Genomic insights into population history and biological adaptation in Oceania[END_REF]. For each SNP, the percentile rank of each of the indexes of the signal of selection was calculated. The Fisher score was computed as the sum of the -log 10 of the percentile rank for each SNP. The outlier Fisher scores were defined as the top 1% of empirical p values. A sliding 100 kilobases (kb) window was defined to count the number of outlier Fisher scores every 50kb. Windows with less than 50 SNPs were discarded. Windows significantly enriched in outlier Fisher scores were defined as the top 1%. Only SNPs showing a significant Fisher score in a significantly enriched 100kb window were judged of interest in the context of this analysis. Each SNP was mapped to an Fxp score of selection, to an age of coalescence estimated with GEVA [START_REF] Albers | Dating genomic variants and shared ancestry in population-scale sequencing data[END_REF] and to gene coordinates extracted from Genecode [START_REF] Harrow | GENCODE: the reference human genome annotation for the ENCODE Project[END_REF]. To estimate the significance of enrichment of signals of selection in each time frame, a distribution of SNP ages of coalescence was computed with a 1000x resampling of 5,000 variants, which corresponds to the number of detected signals of selection in New Guinea and the Bismarck Archipelago. Only variants with a frequency above 5% were considered in the resampling to correspond to the criteria used for the analyses of selection performed with Selscan [START_REF] Szpiech | selscan: an efficient multithreaded program to perform EHH-based scans for positive selection[END_REF]. A Z score was computed for each time frame of 1,000 years between the actual distribution of signals of selection and the computed distribution.

Similarly to Fxp, we computed another index (Fehh) based on three other selection scans iHS [START_REF] Voight | A map of recent positive selection in the human genome[END_REF]), nSL ( Ferrer-Admetlla et al., 2014) and iHH12 [START_REF] Garud | Recent selective sweeps in North American Drosophila melanogaster show signatures of soft sweeps[END_REF] obtained for Wallaceans, New Guineans and the Bismarck Islanders (MAF>0.01), using Selscan v. 1.3.0 [START_REF] Szpiech | selscan: an efficient multithreaded program to perform EHH-based scans for positive selection[END_REF] and the norm function. Since these analyses do not use a reference population, they are less powerful to detect signals specific to the descendants of the first settlers of north Sahul, but they serve as in internal control for our approach (eg. Fxp results of interest should not appear significant in Fehh Wallacea).

Archaic genetic ancestry

Archaic genetic introgression in individual genomes of each of the three regional groups (Wallacea, New Guinea, the Bismarck Archipelago) was estimated using Skov's HMM method [START_REF] Skov | Detecting archaic introgression using an unadmixed outgroup[END_REF]. This does not use an archaic genome as a reference but instead defines introgressed segments that contain a high density of variants found in the target genome but are absent in an unadmixed modern human reference. African genomes from our dataset (n = 38) were used as the unadmixed modern human reference set, following recommended guidelines [START_REF] Skov | Detecting archaic introgression using an unadmixed outgroup[END_REF], although we note that recent studies have found archaic genetic introgression in some Sub-Saharan African genomes [START_REF] Chen | Identifying and interpreting apparent neanderthal ancestry in African individuals[END_REF][START_REF] Durvasula | Recovering signals of ghost archaic introgression in African populations[END_REF]. Maximum likelihood estimates of the parameters were computed using the Baum-Welch algorithm and introgressed segments were identified using posterior decoding. Archaic segments with a posterior probability higher than 0.8 and a length above 100kb were analyzed further. Each derived allele exclusively found in fragments defined as 'archaic' were selected and matched to the Neandertal (Prufer et al., 2014) or Denisovan [START_REF] Reich | Genetic history of an archaic hominin group from Denisova Cave in Siberia[END_REF] genomes, both masked for high quality reads only (http://cdna.eva.mpg.de/neanderta l/Vindija/FilterBed/). Segments with fewer than 10 alleles that could be matched to both archaic genomes were excluded. The match proportion was calculated as the proportion of putative archaic-specific alleles in a segment that match the given archaic genome.

For each of the three regional groups, a frequency of Denisovan and Neandertal ancestry was calculated for each archaic SNP. The top 1% of SNPs was defined as enriched for archaic ancestry. Each archaic SNP was assigned to an age of coalescence and an Fxp score of the signal of selection.

Additionally, we performed an adaptive introgression analysis using the Q95 statistics [START_REF] Racimo | Evidence for archaic adaptive introgression in humans[END_REF], following the guidelines previously described [START_REF] Choin | Genomic insights into population history and biological adaptation in Oceania[END_REF].
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