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Appendix 2: Sample selection and recording
Sampling strategy
The sample selection was designed to capture genetic data for as many different individuals as possible, noting that the Neolithic chambered tombs in the study contained the fragmented, partial and commingled remains of multiple individuals and that the osteological MNI might significantly underestimate the actual number of individuals in each case. We prioritised petrous and teeth due to the exceptional preservation of DNA in these skeletal elements. As one petrous from each of the Loch Calder sites and four from Holm of Papa Westray North had already been sampled by the GENSCOT project, it was possible that petrous from the opposite side of the cranium might in each case derive from an individual already sampled, which turned out to be the case for six individuals. However, the intention was to afford as high coverage of individuals as possible, and two petrous from Tulloch of Assery B yielded results on two new individuals. We also prioritised the analysis of teeth which were not directly associated with a petrous in order to assess whether teeth were present from some individuals not represented by petrous. We also selected a post-cranial element from neonate LC/TAB/35 since the petrous and other cranial elements displayed pathological porosity which might reward further study, and post-cranial elements for two other individuals from Tulloch of Assery B for whom no cranial elements could be identified. 
The results included 34 samples that derive from the same 11 individuals, suggesting that the osteological MNI for each site was probably a good indication of the actual number of individuals whose remains have been recovered at each site. However, it is quite possible that we have not captured data from additional individuals at each site, especially where the number of genetically-identified individuals is less than the osteological MNI (e.g. Tulach an t'Sionnach) or samples failed to produce DNA data (Tulloch of Assery B). When two samples derived from the same individual, we merged the sequencing data from the two samples to achieve higher genetic coverage. Table S1, column G, lists the DNA libraries included for each unique individual. 
The amount of material that was removed for DNA analysis was around 37mg per sample (see Table S2 Column P). Where a tooth was sampled, the material was taken from the apex of one root only, leaving the vast majority of the tooth intact.  As requested by NMS, incremental dental isotope analysis was carried out on at least one tooth for each individual identified by genetic sampling – the isotopic analysis has been carried out by Brett Ostrum and will be reported on separately in due course. All sampled teeth will be returned to NMS.
Recording prior to destructive analysis
The skeletal remains were recorded through an osteological assessment by Sarah Cuthbert (reported in Appendix 1 and as an element-by-element catalogue in excel spreadsheets lodged with NMS) in November 2021. All of the elements nominated for sampling were photographed. These photographs and the osteological reports were used to determine the list of samples, which was agreed with NMS, and slightly modified in consultation with NMS when the remains were collected for micro-CT scanning and destructive analysis. All teeth were scanned by Chris Fowler, Brett Ostrum and Eric Tourigny in the Wolfson Laboratory at Newcastle University using a Skyscan1273 X-ray microscope (a micro-CT scanner) prior to any destructive analysis. Scans were carried out using a large focal spot with an aluminium 1mm plus copper 0.38mm filter. 180-degree scans were completed with 0.2 rotation step at 1000kv and 300 micro amps. Scanning exposure time was c. 8 mins per scan resulting in c. 16 minutes maximum exposure time per tooth: the likely radiation exposure over that duration with this device is c. 0.2 Gys. The reconstructed files of the raw CT scans of each tooth are available on request and can be viewed using any conventional CT analytical CT software. This data and imagery is lodged with NMS and Newcastle University.
Appendix 3: Methods of genetic analysis
Wet-lab methodology and bioinformatic processing
We sampled bone and teeth powder in dedicated clean rooms. DNA was extracted from powder using an automated protocol with silica-coated magnetic beads and ‘Dabney binding buffer (Rohland et al. 2018). DNA extracts were converted into either single-stranded or double-stranded libraries following automated library preparation. For several samples, multiple libraries were built. Double-stranded libraries were subjected to partial UDG treatment and single-stranded libraries were either subjected to USER treatment or not subjected to any treatment (Gansauge et al. 2020). Amplified libraries were enriched using one round of Twist Biosciences hybridization capture (Rohland et al. 2015, 2022). Captured libraries were sequenced on an Illumina HiSeq X10 with 2 × 101 cycles (2 × 7 for the indices).
Computational pipelines for adapter sequence removal, mapping to human reference genome and PCR duplicate removal are available on GitHub (https://github.com/DRe- ichLab/ADNA-Tools, https://github.com/DReichLab/adna-workflow).
Genomic analysis was attempted on 41 new samples, generating a total of 101 libraries. Of these, 4 samples yielded poor DNA preservation and were not included in further analysis.

Analysis of genetic relatedness 
To identify samples coming from the same individual, we first computed pairwise mismatch rates between all possible pairs of samples, including the 37 new samples passing quality filters and 7 previously published samples from the same sites. Pairs of samples with mismatch rates <0.14 were identified as deriving from the same individual, and their sequencing data were merged for further analyses (with the exception of sample I36010 that was not merged with I2634 due to signs of contamination). The final dataset includes a total of 22 unique individuals. Analysis of genetic relatedness of the 22 unique individuals was performed following three different strategies:
1) Mismatch rates were computed between all possible pairs of individuals, randomly sampling one read for each individual at each of the 1.15 million autosomal SNPs (Table S3, columns E-I). Mismatch rates were converted to relatedness coefficients following Fowler et al. 2022, using a baseline mismatch rate of 0.2528 that represents the value expected for unrelated individuals from the Neolithic population of Great Britain. The expected relatedness coefficients are: 1st degree relative = 0.5, 2nd degree = 0.25, 3rd degree = 0.125, 4th degree = 0.0625, 5th degree = 0.031. Results are summarised in column K. 
2) Mismatch rates and relatedness coefficient in the X-chromosome were computed following the same procedure as above but using only X-chromosome SNPs (Table S3, columns N-S). X-chromosome relatedness can help resolve some relationships as the inheritance of the X-chromosome is different from that of the autosomes. For instance, a father and son have a 0.5 relatedness coefficient in the autosomes, as do a pair of brothers, but a 0 relatedness coefficient in the X-chromosome, which is unlike a pair of brothers who usually share relatedness in the X-chromosome.
3) For the 16 individuals with more than 600,000 available SNPs, IBD segments were called with ancIBD following imputation and phasing steps as described in Ringbauer et al. 2023 (Table S3, columns T-AB). We considered IBD segments longer than 12 cM (Table S3, column W), which have a  low false positive rate (Ringbauer et al. 2023). On average, 4th degree genetic relatives share ~400 cM, 5th degree relatives share ~200 cM and 6th degree relatives ~100 cM, but randomness in recombination events and inheritance results in variations: in the case of 5th-degree relatives for instance, pairs can share up to 300 cM or as little as 100 cM.  This variation means that sharing ~ 150 cM is possible for 5th as well as 6th degree relatives, for instance, leading to increasing uncertainty about the degree of relatedness for more distant genetic relatives. Where we do not have high enough quality for one or both individuals in the pair for IBD calls (indicated by NA in columns T-AB), we rely on the relatedness coefficients estimated from mismatch rates generated in strategies 1 and 2.
We also called IBD segments between these individuals and all ancient individuals with published genome-wide data. We show the IBD links in Table S5. 

Principal component analysis
We ran Principal Component Analysis using the smartpca software from the EIGENSOFT package (Patterson et al. 2006: see Figure 5). We computed PCs on 1080 present-day West Eurasians genotyped on the Affymetrix Human Origins Array, restricting to 578,266 SNPs that overlapped between the 1240k capture and the Human Origins Array. Ancient individuals were projected onto those PCs using lsqproject:YES and shrinkmode:YES.
Ancestry modelling
Ancestry proportions were computed with qpAdm software (Haak et al. 2015), using a set of 1054671 SNPs. We set the parameters allsnps: YES and inbreed: YES to account for the use of pseudo-haploid data. As outgroups for our models, we used the same population set as in Patterson et al. (2022), but adding West Siberian hunter-gatherers and a group composed by Caucasus hunter-gatherers and Iran Neolithic.
We modelled the ancestry of the 22 Neolithic individuals as a mixture of Balkan Neolithic population and Mesolithic individuals from Western Europe, known as Western hunter-gatherers (WHG) (Table S4 ancestry_proportions). If this model provided a poor fit for any specific individual, we added the Czech Corded Ware population as a third source to account for the possible presence of steppe-related ancestry.
Sex determination
Genetic sex was determined by counting the number of reads mapping at Y-chromosome SNP positions, divided by the total number of reads mapping at sex-chromosome SNP positions. Individuals with a ratio<0.03 were identified as females and individuals with a ratio>0.32 were identified as males.
Mitochondrial haplogroup calling
When mitochondrial coverage was >2x, we created consensus haplotypes with samtools and bcftools. We restricted to sequences with a mapping quality of more than 30 and a base quality of more than 30. We then called haplogroups with Haplogrep3.
Y-chromosome calling
We called Y-chromosome haplogroups following the methodology in Lazaridis et al. (2022), based on the Yfull 8.09 phylogeny (https://www.yfull.com/).
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