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            Abstract
A unique assemblage of 28 hominin individuals, found in Sima de los Huesos in the Sierra de Atapuerca in Spain, has recently been dated to approximately 430,000 years ago1. An interesting question is how these Middle Pleistocene hominins were related to those who lived in the Late Pleistocene epoch, in particular to Neanderthals in western Eurasia and to Denisovans, a sister group of Neanderthals so far known only from southern Siberia. While the Sima de los Huesos hominins share some derived morphological features with Neanderthals, the mitochondrial genome retrieved from one individual from Sima de los Huesos is more closely related to the mitochondrial DNA of Denisovans than to that of Neanderthals2. However, since the mitochondrial DNA does not reveal the full picture of relationships among populations, we have investigated DNA preservation in several individuals found at Sima de los Huesos. Here we recover nuclear DNA sequences from two specimens, which show that the Sima de los Huesos hominins were related to Neanderthals rather than to Denisovans, indicating that the population divergence between Neanderthals and Denisovans predates 430,000 years ago. A mitochondrial DNA recovered from one of the specimens shares the previously described relationship to Denisovan mitochondrial DNAs, suggesting, among other possibilities, that the mitochondrial DNA gene pool of Neanderthals turned over later in their history.
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                    Figure 1: Percentage of derived alleles shared between the SH specimen and the human, Neanderthal and Denisovan genomes.[image: ]


Figure 2: Sharing of derived alleles with the Altai Neanderthal.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Sharing of derived alleles at diagnostic positions separating the hominin groups in the mitochondrial tree.
The chimpanzee was used as outgroup to determine the ancestral state, which is shared with all individuals in the tree except those belonging to the labelled branch. Provided are the number of diagnostic sites available for this analysis (top left panel) as well as the number of sequences supporting the derived state, their percentage (in brackets) and the total number of observations. Numbers above the branch include all sequences whereas bold numbers below the branch are limited to sequences showing evidence of cytosine deamination. Published data from library A2021 of femur XIII were included in this analysis for comparison.


Extended Data Figure 2 Frequency of C to T substitutions at the beginning and end of nuclear sequence alignments.
Solid lines denote all sequences and dashed lines only those sequences carrying a C to T substitution at the opposing end.


Extended Data Figure 3 Sex determination based on the number of sequences aligning to chromosome X and the autosomes.
Ninety-five per cent binomial confidence intervals are provided as well as the expected ratios of X to (X + autosomal) sequences for male and female samples. The analysis was performed with and without enrichment of endogenous DNA by filtering for the presence of C to T substitutions at terminal alignment positions. Present-day human contamination in the unfiltered sequences appears to have been introduced at least partly by female individuals.


Extended Data Figure 4 Number of informative positions identified for each branch of the tree.
For comparison with the SH sequence data, we show the sharing of derived alleles at these positions using published sequence data from a Neanderthal (Vindija 33.16), a Denisovan individual (Denisova 4) and an early modern human (Ust’Ishim).


Extended Data Figure 5 Derived allele sharing with the Neanderthal- and Denisovan-specific branches in deaminated DNA fragments from all five specimens from SH.
Only sequences with a terminal C to T substitution were used in this analysis. Error bars, 95% confidence intervals. Significance was tested using Fisher’s exact test (two-tailed).


Extended Data Table 1 Overview of DNA extracts, libraries and shotgun sequences generated in three experimentsFull size table
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This genomic analysis of Middle Pleistocene hominins from Sima de los Huesos in the Sierra de Atapuerca in Spain shows that they were more closely related to Neanderthals than to Denisovans, and indicates a divergence between Neanderthals and Denisovans that predates 430,000 years ago. A previous report based on analyses of mitochondrial genomes from these specimens had suggested close relationship to Denisovans, which was in contrast to other archaeological evidence including morphological features shared with Late Pleistocene Neanderthals.
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