Materials and methods
Population samples and genomic datasets
Ancient genomic resources from the Allen Ancient DNA Resource (AADR) (https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/FFIDCW) were merged with recently reported ancient DNA from spatiotemporally diverse ancient and modern populations in East Asia [1-12]. Patterns of ancient DNA were also summarized based on these resources. The final merged dataset for population structure analysis comprised 929 individuals and 593,050 SNPs. All procedures were performed in accordance with the Helsinki Declaration of 2013 [13]. Counts and coordinates were drawn from the AADR snapshot and the China subset. After de‑duplication by individual ID, we computed yearly worldwide totals and China‑only totals. Longitude kernel density for the increasing curve was computed with density() in R on unique site longitudes. The base map in Fig. 1A was downloaded from the website of http://bzdt.ch.mnr.gov.cn/. The base map in Fig. 1D was obtained from the Natural Earth public domain map dataset (https://www.naturalearthdata.com/downloads/10m-raster-data/10m-cross-blend-hypso/). 

Model-based ADMIXTURE analysis
SNPs in strong linkage disequilibrium were pruned from the merged dataset using PLINK v1.90 with the parameters --indep-pairwise 200 25 0.4 [14]. Subsequently, unsupervised ADMIXTURE analyses were performed with ADMIXTURE v1.3.0 to elucidate overall genetic patterns and investigate the contribution of differentiated admixture components to the genetic structure of ancient Chinese populations, considering ancestral components (K) ranging from 2 to 20. To determine the optimal K value with the lowest cross-validation (CV) error, we conducted 100 bootstrap replicates (-B100), and 10-fold cross-validation (--cv=10) was applied [15]. A model with four ancestral sources was identified as the best-fitting admixture model. However, at K = 6, geographically distinct groups were clearly distinguished, indicating that ancient Chinese populations possessed multiple ancestral components. The admixture results were visualized using the in-house R scripts [16] and reorganized via Adobe Illustrator. The base map in Fig. 3A was obtained from the Natural Earth public domain map dataset (https://www.naturalearthdata.com/downloads/10m-raster-data/10m-cross-blend-hypso/).

Principal component analysis
To investigate the genetic relationships between spatiotemporal-resolution ancients and contemporary populations, we applied the SmartPCA algorithm implemented in EIGENSOFT [17] (numoutlieriter = 0, lsqproject = YES) to conduct PCA clustering and project ancient populations onto modern Chinese populations. To clarify the genetic substructure at the East Asian scale, we presented clustering patterns based on linguistically distinct modern Chinese populations and spatiotemporally differentiated ancient populations. To reveal the broader genetic patterns of Eastern Eurasians, we removed individuals with apparent Western Eurasian ancestry (e.g., TSM groups) and performed a second analysis using the same methodology. The plots of PCs were conducted using R with in-house scripts [16].

Evolutionary trajectory of the East Asian population-specific genetic variant
[bookmark: OLE_LINK1]Raw sequenced BAM files of ancient genomes were obtained from published datasets [4, 5, 9, 10, 18-37] [23]. Post-mortem DNA damage patterns were assessed using mapDamage v2.2.1 [38] prior to extracting a subset of the 1240K dataset from East Asia. To minimize the impact of such damage on genotyping, we utilizedBamUtil v1.0.15 [39] to trim five base pairs from each end of the reads. Genotype imputation was conducted with GLIMPSE2 using the GSRD reference panel to enhance the resolution of the ancient genomes. Only biallelic sites were retained, and Picard LiftoverVCF v1.18.11 (https://gatk.broadinstitute.org/hc/en-us/articles/360037060932-LiftoverVcf-Picard-) was employed to convert genomic coordinates from build 38 to hg19.

The imputation procedure adhered to previously published protocols and our in-house pipeline [40-42]. Ancient genomes were imputed using GLIMPSE v2.0. Chromosomes were first divided into chunks of 1–2 Mb with a 400 kb buffer region flanking each chunk via GLIMPSE_chunk. Subsequently, imputation was performed on these chunks using GLIMPSE_phase with parameters --burn 5, --main 15, and --pbwt-depth 12, utilizing the GSRD reference panel. Only high-quality genomic alignments were retained based on the parameters --mapg 30 and --baseq 20. The imputed chunks were then merged using GLIMPSE_ligate, and the analysis was restricted to SNPs with a genome-wide average imputation probability (GP) of ≥0.98 and a minor allele frequency (MAF) of ≥0.05. The imputed dataset was analyzed using bcftools to calculate counts of derived and ancestral alleles, facilitating the exploration of population-specific evolutionary trajectories in East Asian populations. The base maps in Figs. 4-6 were obtained from the Natural Earth public domain map dataset (https://www.naturalearthdata.com/downloads/10m-raster-data/10m-cross-blend-hypso/), and the mutation status of key adaptive alleles in ancient individuals was added using Adobe Illustrator.
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