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Supplementary Text

1. Cave of Chufin

1.1 Sample context

The Cave of Chufin is located in the valley of the river Nansa, about 20 kilometres from the
present-day sea shore. The archaeological value of Chufin cave became known with the
discovery of the first rock art in 1972. Immediately, the site was excavated between 1974 and
1976, and the rock art was studied (/4, 27). In 2021, archaeological excavations were resumed
by one of us (DGM) to define the site's stratigraphic sequence better and characterise the human
occupations that took place there. Initially, two test pits were opened next to the previous
excavation areas and to the rock art walls to identify intact sediments. During this first campaign,
the human tooth (CHU.53k.3.02) sequenced in this study was recovered from layer 201 of the
right sector of the excavation. It was located in a superficial level next to the parietal engravings
and associated with archaeological material mainly attributed to the Solutrean period. However,

the direct dating of the tooth is slightly older.

The tooth (Fig. S6) was radiocarbon-dated in 2023. The sample was prepared and chemically
pretreated at the Higham Lab at the University of Vienna, Austria. Collagen was extracted using
a modified Longin collagen method outlined in (78) and (79). The sample was gelatinised in
weakly acidic pH3 water and ultrafiltered using a 30kD Sartorius ultrafilter, before being
freeze-dried. Circa 0.3 mg of collagen was measured for §"*C and 8'°N values using an Elemental
Analyser-Isotope Ratio Mass Spectrometer (EA-IRMS) at the Faculty of Life Sciences Silver
Laboratory to a precision of +0.3%o relative to V-PDB and AIR, respectively. Stable isotope
analysis revealed a 6"°C value of -20.1%o and 6'°N value of 11.68%o, while the atomic C/N ratio
was 3.55, which suggests the collagen was of acceptable quality. The remaining collagen was
combusted and graphitised with the AGE3 system. The sample was measured at the VERA
(Vienna Environmental Research Accelerator) AMS facility and produced a radiocarbon age of
22793 + 116 yr BP (VIE-1682), which is calibrated 27330-26500 cal BP, falling completely in

the Gravettian in the Cantabrian region.

1.2 The sequencing of Chufin tooth
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All the analytical procedures were performed at the Paleogenomics laboratory of the University
of Vienna. We made two separate samples from Chufin tooth corresponding to powders 12293
and 15022; each powder was extracted once, and two double-stranded libraries were made from
each powder. We then sequenced these libraries using different methods and fractions, resulting
in 46 sequencing runs. This includes: 11 mtDNA capture samples, 13 shotgun, and 22
subsamples processed with TWIST Ancient DNA in-solution capture (3/). The samples captured
with the TWIST capture have an absence of mitochondria reads, likely because the reagent does
not target this part of the genome, as the probes were not successfully included (Table S2). It is
apparent from the table that the reads obtained from powder 12293 display anomalous values
across several standard sequencing metrics, including unusually elevated edit distances,
suggesting the presence of heterogeneous sequence sources or substantial contamination. In all
samples derived from this powder, the edit distance exceeds 2, while the deamination rate is
approximately 15%. Although this level of deamination is compatible with authentic ancient
DNA, its combination with consistently high edit distances indicates a mixed dataset, potentially
reflecting a combination of endogenous molecules, contaminant DNA, and/or poorly aligned
reads. The consistency of these patterns across all libraries generated from powder 12293 further
suggests that the issue originates from the source material rather than from downstream

laboratory procedures.

To investigate the possible causes of these anomalies, we conducted additional analyses. First,
we performed a BLAST search to identify potential non-human contaminants; however, no clear
non-human sources were detected. Estimates of human contamination using different software
tools, including Schmutzi 2.0 (63), ContamMix (7), and Calico (66), yielded values of
approximately 3—5%. While these levels are relatively low and cannot fully explain the observed
anomalies, the possibility of substantial contamination affecting the nuclear genome cannot be

ruled out.

Given the difficulty in disentangling these signals and ensuring data authenticity, we excluded all
sequencing data derived from powder 12293 from further analyses and we focus on the reads

originating from powder 1502.


https://paperpile.com/c/ZKpERB/xPuKW
https://paperpile.com/c/ZKpERB/8QgY4
https://paperpile.com/c/ZKpERB/E8QPh
https://paperpile.com/c/ZKpERB/Q8TwH

1.3 Chufin s Mitochondrial Genome

Next, we merged all the reads from powder 15022 and subsequent extract E3031, which includes
libraries 12517 and 12518 (17507 iL2amp 2, 17507 iL2.3 reamp, 17507 iL2.4 reamp,
1 L 17507 iL2.2Mb_trio 1CRA, 2 L 17507 iL2.3Mb _trio 1CRA,
3 L 17507 iL2.3Mb _trio 1CRA, 17507 _iL2.2 5CRA, 17507 iL2.3 5CRA,
17507 iL2.4 5CRA, 17507 iL2, 17507 iL2.2 re-amp, 17507 iL2.3 re-amp,
17507 iL2.4 re-amp, 17507 iL2 re-amp, 17507 iL3amp 2, 17507 iL3.2_amp,
17507 iL3.3 amp, 17507 iL3.4 _amp, 4 L 17507 iL3.2Mb_trio 1CRA,
5 L 17507 iL3.3Mb trio 1ICRA, 6 L 17507 iL3.4Mb trio 1CRA, 17507 iL3.2 5CRA,
17507 iL3.3 5CRA, 17507 iL3.4 5CRA, 17507 iL3.2 re-amp, 17507 iL3.3 re-amp,
17507 iL3.4 re-amp). After aligning the reads to the reference genome and applying filters for
mapping quality (>30) and minimum read length (=30 bp), we recovered a total of 261,907
unique reads mapping to the mitochondrial genome after duplicate removal, resulting in an
average coverage of approximately 1025x across the entire genome. To assess potential
contamination, we applied three complementary approaches, Calico, contamMix, and Schmutzi,
first on individual sequencing attempts, then on each separated library (Table S2, S9-S11), and

finally on the merged dataset.

Contamination estimates for the merged data were as follows: 0.056 (95% CI: 0.048-0.064)
using Calico, 0.02 (95% CI: 0.01-0.03) using Schmutzi, and a consensus sequence match of 0.95
(95% CI: 0.92-0.97), corresponding to approximately 5% contamination, using contamMix.
These results indicate a generally low level of exogenous human DNA in the dataset. We
concluded that the most likely scenario is that the sample shows contamination in a range
between 5% to 10%. These contamination estimates require that the nuclear data be filtered by

damage to avoid including contaminant reads in the population genetics analyses.

We also evaluated the contamination levels in the blanks generated during the preparation of
Chufin sequencing libraries (EB_ChufinTC iL1/2517, LB_ChufinTC iL1, EB6 BT, LB5 BT).
These blanks contained detectable amounts of human DNA; however, the number of reads
remaining after filtering (Table S2) was very low, already indicating exhaustion of the libraries.
Furthermore, the reads from these blanks did not exhibit signs of cytosine deamination,

suggesting that they are unlikely to interfere with downstream analyses. As all samples were



processed with PMD filtering tools, any residual exogenous sequences are not expected to affect

subsequent workflows or inferences.

We used the merged mitochondrial reads to determine the haplogroup with Haplogrep3 (64), and
determined it to be U8, and this is consistent across all the sequencing runs (Table S2). All the
libraries showed the same mutations (against rCRS) which codify for Haplogroup US8: 73G 263G
315.1C 750G 1438G 1811G 2706G 3107C 4769G 6455T 7028T 8860G 9698C 11467G 11719A
12308G 12372A 13145A 14766T 15326G 16093C 16129A 16569A. Haplogrep predicts this
haplogroup with 94% support. As the individual is female, no contamination estimate based on

the X chromosome could be performed.

1.4 The Nuclear data

As mentioned before, we merged all the reads from powder 15022 and subsequent extract
E3031, which includes libraries 12517 and 12518 (17507 iL2amp 2, 17507 iL2.3 reamp,
17507 iL2.4 reamp, 1 L 17507 iL2.2Mb trio 1CRA, 2 L 17507 iL2.3Mb trio 1CRA,

3 L 17507 iL2.3Mb _trio 1CRA, 17507 1L.2.2 S5CRA, 17507 iL2.3 5CRA,
17507 iL2.4 5CRA, 17507 iL2, 17507 iL2.2 re-amp, 17507 iL2.3 re-amp,
17507 iL2.4 re-amp, 17507 iL2 re-amp, 17507 iL3amp 2, 17507 iL3.2 amp,
17507 iL3.3 amp, 17507 iL3.4 amp, 4 L 17507 iL3.2Mb trio 1CRA,

5 L 17507 iL3.3Mb trio 1CRA, 6 L 17507 iL3.4Mb trio 1ICRA, 17507 iL3.2 5CRA,
17507 iL3.3 SCRA, 17507 iL3.4 5CRA, 17507 ilL3.2 re-amp, 17507 iL3.3 re-amp,
17507 iL3.4 re-amp).

All the reads were aligned to the hg19 reference of the Human genome. After aligning the reads
and filtering for a mapping quality above 30 and a minimum length of 30 bp, we recovered
2,518,244 filtered reads (Table S2). We then removed duplicates between the whole set, resulting
in 2,518,244, as no duplicates were found (meaning that no molecules were shared between
libraries). Based on the estimates of contamination that may point to 5 to 10% of contamination,
we decided to restrict the analysis to damaged reads using PMDtools 0.60 (68). This resulted in
491,802 reads. We trimmed 10 bp per end following the mapDamage results using trimbam from
bamUltil 1.0.15 (80), which decreases the included ancient DNA damage to below 5%. We then
called pseudo-haploid genotypes using pileupCaller from sequence tools 1.5.4.0 (71)), which
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produced 19,895 SNPs of the 1240k dataset. We used the differential proportion between the X
and Y chromosomes, which yielded a 15-fold difference, to infer that the tooth belongs to a

female.

We then explored the differences between the sequencing runs of the Chufin sample (Table S2).
We paid special attention to identifying differences between the shotgun and capture strategies in
the sample. We found that the Edit Distance (ED), which measures the number of substitutions
in the reads relative to the reference, was lower in capture runs than in shotgun runs (mean =

0.693, SD = 0.0320 vs. mean = 0.765, SD = 0.0217; Mann—Whitney U test, p = 0.002).

We also observed that deamination at the 5’ end (C—T transitions) was higher in shotgun
samples than in capture samples (mean = 0.274, SD = 0.00386 vs. mean = 0.158, SD = 0.00855;
Mann—Whitney U test, p = 0.001).

The most pronounced difference was observed in read length, with longer reads in capture runs
compared to shotgun runs (mean = 73.5 bp, SD = 1.15 vs. mean = 57.5 bp, SD = 2.17;
Mann—Whitney U test, p = 0.001).

We also observed a higher overall number of reads recovered in shotgun experiments; however,
the median number of reads was higher in capture experiments (Table S12; Fig. S9). These

results are likely influenced by the previously detected contamination.

The capture design used here, the TWIST Ancient DNA design, uses a single 80-bp probe on
each targeted SNP (37). Because modern DNA contaminants typically consist of longer
fragments than authentic ancient DNA, the long probes in the TWIST panel may preferentially
capture these longer molecules, potentially leading to an apparent increase in modern DNA
contamination. This effect could account for many of the differences observed in the previous
contamination estimates, as visualised in Fig. S9. Consistently, we observe that TWIST Ancient
DNA probes tend to recover longer, less deaminated sequences, supporting the notion that this

design may amplify the signal of modern contamination relative to authentic ancient molecules.


https://paperpile.com/c/ZKpERB/xPuKW

2. Isturitz cave
Isturitz Cave is part of a karstic network running through Gaztelu Hill in the Arberoue Valley
(Basque Country, France) It is located near the western end of the Pyrenees at the key corridor
connecting SW France and northern Atlantic Spain at the corner of the Bay of Biscay.
Discovered in 1896, the site has been the focus of archaeological research from 1912 to the
present, with a notable slowdown between the early 1960s and the mid-1990s. Human
occupation at the site began during the Mousterian and extended through nearly the entire Upper
Palaeolithic. The density and richness of certain archaeological layers suggest that the cave may
have served as a major gathering place at various points in time, and it shows one of the most

outstanding art records in Southwest Europe(87).

In this vast cave, the Gravettian occupation has been primarily documented in the Isturitz
Chamber, also known as the Grande Salle, covering an estimated area of around 700 square
meters. Two layers were identified by early excavators. The oldest and richest, known as Ist IV
and explored by R. and S. de Saint-Périer, has been attributed to the Noailles burin phase of the
Gravettian. It yielded over 11,000 lithic tools and nearly 1,400 objects made from hard animal
materials. However, recent studies suggest that this represents only a small fraction of the
original assemblage. Nonetheless, the material clearly reflects intense and repeated human
occupation over an extended period. More broadly, the Gravettian presence at Isturitz Cave
appears to fall within a wide chronological range, from at least 32,000 to 28,000 calibrated years

BP.

A fibula fragment IS-02A (1950-10-1) (Fig. S7) was discovered in 1950 from stratigraphic level
IV. The bone is dated to 28,897-28,022 calBCE (26030+220 BP, OxAX-2616-50), a relatively
late phase of the Gravettian at Isturitz. The sample was processed at David Reich's laboratory in
Harvard University, preparing 8 UDG-treated libraries captured with TWIST Ancient DNA
probes (Table S1). In total, 454,258 SNPs covering the 1240k capture kit were recovered, and no
signs of contamination were detected. We used the differential proportion between X and Y

chromosomes to infer that the tooth belongs to a female.


https://paperpile.com/c/ZKpERB/NxzoO

The individual is characterised as a female of haplogroup M. We determined that this individual
has a 0.019930 (SE=0.007326) Z=2.7 of Neanderthal, consistent with the rest of the individuals
from the period (82). As we recovered a significant number of SNPs, we also ran hapROH

following the recommended pipeline (83), and we identified no ROH>4 c¢M in the genome.

3. Ostunilb
The Upper Palaeolithic funerary complex of Ostuni, situated in the Santa Maria di Agnano cave
(Ostuni, Apulia, Southern Italy), was discovered in 1991 by one of the authors of the present
paper (DC). It yielded two primary burials, namely Ostuni 1 and Ostuni 2. Ostunil (Osl)
individual has been dated to 27,810-27,430 cal BP and was genetically studied in Fu et al, 2016
(7). The Ostuni 1 burial contained the exceptionally well-preserved skeleton of a young woman,
who was no older than 20 years and in a late stage of pregnancy at the time of death (28, 84).
The body was richly decorated with hundreds of perforated marine shells around the wrists and
the cranium'®. She was positioned on her left side in a crouched position, with the right forearm
around her abdomen. Within the pelvic region of Os1, an almost complete foetal skeleton - Os1b
- was recovered in excellent preservation, with the joint in connection and in the position
typically acquired during the later stages of pregnancy. The Ostuni 2 burial contained a poorly

preserved adult skeleton (Os2) of indeterminate sex and dated to 26339-25779 cal BC (286).

The study of the dental remains of the fetus through virtual histomorphometry has indicated that
it died at 31-33 gestational weeks. The same study reports Oslb dental growth trajectories,
suggesting a fetal developmental timing for Oslb slightly faster than in contemporary fetal
individuals. Three physiological stress episodes were identified in the enamel, which formed
during the last two and a half months of life, suggesting that both the Os1 mother and Os1b fetus
were under severe physiological stress during the last period of life. These stressors possibly

resulted in the death of both the mother and the child (85).

To generate data from this individual, we sampled the left petrous bone following the protocol
described in Pinhasi et al 2019 (86). DNA was extracted, and we prepared two libraries from the
E2942 extract: Library L5092 was treated with USER enzyme treatment (NEB) to reduce the

damage (87). Library L5093 was not treated. For each of the libraries, one fraction was
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sequenced using Shotgun Sequencing, and one was captured with the TWIST Ancient DNA
capture (3/7) (Table S1). To obtain abundant mtDNA data, we also captured library L5093 with
an mtDNA capture kit. We assessed the presence of contamination in both libraries using Calico,
Schmutzi and ContamMix, and we did not identify the presence of contamination in the mtDNA
genome (Table S1). We determined that the presence of modern contamination in the nuclear
genome was below 1% using ANGSD (67). We used the differential proportion between X and

Y chromosomes, which resulted in a 15-fold difference, to infer that the tooth belongs to a male.

The sequencing blanks used in the experiments (EB AHIlimtL1 [NegPoolAHmt] and
LB AHIlimtL1 [NegPoolAHmt]) were also analysed. Although the extraction blank (EB) shows
the presence of modern DNA, the mitochondrial genome is already highly saturated in the
sample, indicating that any potential contribution from this source would have only a minimal
effect on the results. Furthermore, independent contamination estimates based on both
mitochondrial and nuclear DNA indicate that the sample does not show evidence of modern

DNA contamination (Table S1).

Following previous observations, we did not restrict the base calling to damage-prone reads. To
reduce the impact of damage on base calling, we clipped 5 base pairs from each end of nuclear
reads, effectively reducing damage levels to below 5%. After processing, we recovered a total of

467,368 SNPs, covering the 1240k dataset.

To confirm that the fetus is biologically linked to the female adult Ostuni 1, we ran READ v2,
which indicated that they are consistent with a first-degree relationship (Fig. S8).

4. El Mir6n Cave sediments
4.1 ediment Processing from El Mirén Cave
ElMiron14 is a soil sample from square W10 of level 122 in El Mir6on Cave, excavated under the
direction of L.G. Straus and M.R. Gonzalez Morales and dated to 22,270-21,660 calBP (31, 88),
corresponding to the Late Solutrean period in Cantabria. This large cave, with a
culture-stratigraphic sequence spanning from the Mousterian to the Bronze Age, is located on the

northern edge of the Cantabrian Cordillera, about 20 km from the present shore of the Bay of
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Biscay. In a previous study where this sample was enriched using mtDNA baits (22), we found
that it contained substantial amounts of human DNA, and is the sample with the highest number

of human reads from the ones screened to date from El Miron Cave.

We extracted DNA from the sediments two times using 50mg of homogenised sediment each
time. These are extracts E1987 and E2668. From E2987, we prepared libraries 11980 and 12594.
From E2668, we prepared libraries 12236, 12588, 12589, 12590, 12591, 12592 and 12593 .
Different fractions of these libraries were indexed several times, followed by capture with
TWIST Ancient DNA in-solution capture (3/) for some of the samples, and shotgun sequencing
for others(37) at the Vienna BioCenter Core Facilities (VBCF) on an Illumina NovaSeq 6000

platform. The complete list of samples and their treatments is available in Table S3.

Sequencing reads were trimmed using cutadapt (version 1.2.1)(53) with a minimum length of 30
and removal of polyA tails. We also processed the sequencing reads using fastp 0.25.0 (54) with
the following parameters (--trim_poly g --trim_poly X -poly x min len 5 -poly g min len 5
--length required 30 --qualified quality phred 30). This pipeline ensured the retention of
high-quality reads. The resulting reads were aligned to the human reference genome (GRCh37)
and the revised Cambridge reference sequence (rCRS) mitochondrial genome using BWA
aln(55) (Version 0.7.5), with seeding disabled and a gap penalty of 2 set for the open end.
Duplicate mapped reads were removed using Picard Tools 2.21.4 (56) with default parameters.
Reads with mapping qualities below 30 were also removed. Unique and filtered reads were
analysed with Qualimap-2.2.1 (57) to assess whole-genome coverage depth. MapDamage-2.0.9
(58) was used to estimate deamination levels and assess the authenticity of the data. We
converted the resulting BAM files into FASTA files using Samtools 1.12 (59). These sequences
were processed with BLASTn 2.16.0 (60) using the NCBI whole-nucleotide database
(2024-06-07). The results were analysed in MEGAN 6.25.10 (6/) using the following
parameters: Native LCA, bitscore 50, minimum identity of 80, and top score 10, grouping the
Hominidae reads. The resulting reads were subtracted from the original BAM file and realigned
against the human reference using the same parameters. All the values are presented in Table S3.

Altogether, 1,028,866,146 reads were generated across all libraries. Of these, 652,257 were
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classified as Hominin based on BLAST results, and finally, 283,315 of these could be

confidently attributed to human ancestry.

2 Diversi,

After filtering and removal of PCR duplicates, an average of 3,018 reads per library were
assigned to humans in the capture experiments, compared to 2,779 reads in the shotgun libraries.
Statistical comparison using the Mann—Whitney U test showed no significant difference in the
number of human reads recovered between the two sequencing strategies (W = 1040.5, P =

0.636; Fig. S9).

However, a marked difference was observed in the number of informative SNPs recovered across
the 1.4M panel. The combined 1.4M capture libraries produced 48,384 informative positions,
compared to only 1,515 positions recovered from shotgun sequencing across the same genomic
range. This represents a 32-fold increase in data recovery using capture (or 128-fold when
accounting for sequencing yields; Table S3). These results highlight the limitations of shotgun
sequencing for sedimentary ancient DNA (sedaDNA) samples when the objective is to recover

genome-wide human variation.

Despite similar numbers of human reads, other sequencing characteristics differed significantly
between capture and shotgun libraries. Statistical comparisons revealed differences in edit
distance (p= 3.392 x 10°°), read length (p = 4.263 x 107"°), and deamination levels in recovered
reads (p=5.483 x 107'°). In general, capture-derived reads were longer and exhibited lower levels

of deamination than shotgun-derived reads.

To verify that these observations were not due to laboratory contamination, we examined the
sequencing blanks used in these experiments (LB 180723, LB 130723, EB 16 10 23 OM, and
LB 16 10 OM). No evidence of significant contamination was detected in these controls,
suggesting that any modern DNA signal detected in the samples most likely originates from the
sample context itself (Table S3), which may explain some of the differences observed between

sequencing approaches.



To further investigate variation within the dataset, we explored the presence of diversity across
the 101 sequenced libraries using four parameters: read edit distance (ED), read length
distribution, 5’ deamination levels, and sequencing yield. For each parameter, we computed the
mean, median, and standard deviation, and tested for statistical differences using the
Mann—Whitney U test or Kruskal-Wallis test as appropriate. All analyses were conducted in R
4.4.2(75).

A) Edit distance

We first examined differences in edit distance across sequencing attempts grouped by extract and
library (Tables S13-S14). Edit distance measures the number of nucleotide substitutions required
to transform a read into its best-matching reference sequence and therefore provides a summary
of how closely sequenced molecules resemble the expected target sequence. Systematic shifts in
ED across extracts or libraries could reflect differences in sequence composition or authenticity,
such as variation in endogenous content, fragment damage patterns, or the presence of non-target

molecules.

Across extracts (Table S13), the computed statistics were similar. A Mann—Whitney U test
returned a p-value of 0.469, indicating no statistically significant difference in edit distance

between extracts.

In contrast, differences were observed among libraries (Table S14). A Kruskal-Wallis test
indicated significant variation across libraries (y*> = 36.236, df = 8, p = 1.59 x 10”°). However,
because no differences were observed at the extract level, we do not interpret these library-level

differences as evidence that specific libraries are problematic.

B) Read length distribution

We next evaluated potential biases in read length, which could suggest differential levels of

modern contamination (Tables S15-S16).

When grouped by extract (Table S15), the Mann—Whitney U test produced a p-value of 0.011,

indicating a statistically significant difference in read length between extracts.


https://paperpile.com/c/ZKpERB/prmXG

However, when read lengths were compared across libraries (Table S16), no significant

differences were observed (Kruskal-Wallis > = 12.234, df = 8, p = 0.141).

C) Deamination patterns

We then assessed differences in cytosine deamination at the 5’ ends of reads, a characteristic

signature of ancient DNA damage (Tables S17-S18).

Across extracts (Table S17), the Mann-Whitney U test yielded a p-value of 0.699, indicating no

statistically significant difference in 5’ deamination levels.

Similarly, no significant differences in damage levels were detected across libraries (Table S18;

Kruskal-Wallis x> = 8.7986, df = 8, p = 0.360).
D) Human read recovery

Finally, we examined differences in the number of human reads recovered across extracts and

libraries (Tables S19-S20).

At the extract level (Table S19), the Mann—Whitney U test showed a highly significant difference
in human read recovery (p = 3.75 x 10°®).

However, no statistically significant differences were detected across libraries (Table S20;

Kruskal-Wallis y? = 8.7986, df = 8, p = 0.3596).
E) Comparison between sequencing strategies

After evaluating variation across extracts and libraries, we repeated the same analyses by
grouping sequencing attempts according to sequencing strategy (capture vs shotgun) (Table S3;

Tables S21-S24).

Edit distance: Capture libraries exhibited higher edit distances than shotgun libraries (Table
S21). A Mann—Whitney U test returned p = 2.86 x 10, indicating a statistically significant

difference between sequencing methods.



Read length: Read length also differed strongly between sequencing strategies (Table S22).
Capture reads were substantially longer than shotgun reads (mean 63.4 bp vs 48.6 bp), and the
Mann—Whitney U test showed a highly significant difference (p = 4.26 x 107*°).

Deamination: Deamination levels were also significantly different (Table S23). Shotgun reads
showed higher 5’ deamination (mean 0.481) compared to capture reads (mean 0.376), with a

Mann—Whitney U test p-value of 5.48 x 107'°.

Human read recovery: Despite these differences in molecular characteristics, the number of
human reads recovered did not differ significantly between sequencing strategies (Table S24).
The Mann-Whitney U test yielded p = 0.636, indicating comparable levels of human read

recovery between capture and shotgun libraries.

All analyses described above are summarised visually for the El Miron 14 and Chufin samples in

Fig. S9.

We then performed several tests to observe and quantify the differences in our merged files:
Merged Shotgun, Merged Capture, Merged, and Merged under90bp. We then called
pseudo-haploid genotypes using PilupCaller from Sequencetools 1.6.0.0 (77). The results are
presented in Table S25.

All the past observations indicate differences between shotgun and capture genomes; these
differences are probably linked to a major attraction of TWIST baits, for longer sequences with

less deamination, which would tend to amplify the modern contamination.

Following the observations of the deamination values, we clipped five reads per read end using
trimbam from bamutil-1.0.15 (70). The resulting final Merged file has 283,315 reads, an average
fragment length of 59bp, and 40% of damage.

We first used f3-statistics in the form f3(X,Y: Mbuti) to determine the similarity between the
different comparisons of the Miron sample. The results suggest the presence of modern

contamination, as the sample from ElMiron14 shows more attraction for the Human Reference

than the other samples (Table S26).


https://paperpile.com/c/ZKpERB/w7DpF
https://paperpile.com/c/ZKpERB/XP43H

Without proper contamination estimates due to the multi-individual origin of the ElMironl4
reads, but with the evidence from the previous analyses of the presence of modern contamination
(Fig. S9, Table S26), we decided to apply a PMD restriction using PMD tools 0.60(68). The
process resulted in 95,843 reads. We then trimmed 9 bases per read end. The process resulted in
14,737 SNPs covering the 1240k SNP target set. These highly confident SNPs are the ones we
used for the ancestry determination of the EIMiron14_pmd sample (Fig. S10).

4.3 Sex Determination

We assessed sex bias by calculating the ratio of X-chromosome coverage to total chromosomal
coverage. Across all 22 chromosomes, EIMiron14 yielded an average of 0.529 (SD = 0.203),
suggesting a complex, potentially multi-individual sample. To account for the low-coverage
nature of the sedaDNA, we performed a weighted assessment using only chromosomes 1-12,
which provide more robust coverage. This subset yielded an average ratio of 0.367 (SD =
0.0136), a value consistent with a male genetic profile, thereby providing more reliable evidence

for the sample’s sex sedaDNA origin.
The Mi rial DNA of EIMironl

We explored the retrieval of mitochondrial DNA from the 101 sequencing attempts of the 9
libraries. After merging all the reads and removing duplicates, we obtained only 418 unique
sequences in total. This result indicates that the capture baits used in the experiment did not
allow for substantial mtDNA recovery from the shotgun libraries, probably due to an error in the

experimental side ( Fig. S10).

We then applied a mitochondrial capture procedure following the same methodological approach
described in Gelabert et al, 2025, (22), capturing with commercial myBaits mtDNA baits. The
sequenced libraries are presented in Table S27. All the libraries show short reads and substantial

deamination (Fig. S11). The results of the calls are presented in Table S4.

For the mitochondrial DNA (Table S27), we used the same methodological approach described
in Gelabert et al, 2025, (22), capturing with commercial myBaits mtDNA baits. These libraries


https://paperpile.com/c/ZKpERB/pRC63
https://paperpile.com/c/ZKpERB/0Tg6C
https://paperpile.com/c/ZKpERB/0Tg6C

were sequenced in paired-end 150 reaction reads on a Novaseq X platform, Vienna BioCenter
Core Facilities (VBCF). The reads were then clipped using cutadapt (version 1.2.1) with a
minimum length of 30 and removal of polyA tails. The clipped reads were then collapsed with
PEAR 0.9.11(62) with a minimum overlap of 11 bases. The resulting reads were aligned against
the rCRS mtDNA reference genome using BWA aln(55) (Version 0.7.5), with seeding disabled
and a gap penalty of 2 set for the open end. Duplicate mapped reads were removed using Picard
Tools 2.21.4(56) with default parameters. Reads with mapping qualities below 30 were also
removed. Unique and filtered reads were analysed with Qualimap-2.2.1 (57) to assess
whole-genome coverage depth. MapDamage-2.0.9 (58) was used to estimate deamination levels
and assess the authenticity of the data. The reads were then converted to fastq using Samtools
1.12 (59). These sequences were processed with BLASTn 2.16.0 (60) using the NCBI
whole-nucleotide database (2024-06-07). The results were analysed in MEGAN 6.25.10(61)
using the following parameters: Native LCA, bitscore 50, minimum identity of 80, and top score
5, grouping the Primate reads. These were aligned again to the human reference genome and
processed with Schmutzi 2.0.0 (63) to determine the consensus sequence. We finally examined
each position with Samtools mpileup and called the most abundant haplogroup with Haplogrep

3.2.1 (64). We plotted the deamination and read length distributions.

Haplogrep predicted the mitochondrial haplogroups as follows: 16333iL1 — U4°9 (77% quality),
16333iL4 — U4°9 (82% quality), and 16333iL5 — U2'3'4'7'8'9 (81% quality). These results
indicate the presence of multiple individuals, reflecting the diversity of U haplogroups typical of
Pleistocene populations. Collectively, the data suggest that multiple individuals, rather than a

single individual, contributed to the genetic material analysed.

4.5 Taxonomical classification of shotgun sedaDNA

To further explore faunal identification in sedimentary ancient DNA derived from shotgun data,
demultiplexed reads were first processed with Cutadapt 5.2 ((53) to remove adapters, reads
shorter than 30 bp and poly-A tails; and were subsequently concatenated into a single file.
Taxonomic classification was performed using the Quicksand 2.6 pipeline (65). To ensure
high-confidence taxa identification, we applied the following criteria: a minimum of 100 mapped

reads, detection of characteristic deamination patterns at both ends of the alignments, and at least
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10% breadth of coverage. Using these filters, nine mammalian families were identified (Table

328).

We compared these shotgun-derived classifications with those obtained from in-solution mtDNA
bait capture (22). While most families were detected by both methods, Lagopus, Pyrrhocorax,
Aquila, and Talpa were identified only in the shotgun data. Conversely, families with lower
recovery yields in the mtDNA-capture dataset, such as Felidae and Ursidae, were absent in the
shotgun reads. These discrepancies likely reflect differences in the sensitivity of the
computational workflows, the bias towards species or genera included in the baits design, and
the specific reference databases employed in each pipeline. Notably, there were no major
disagreements regarding the primary genera or species detected; discrepancies were largely
limited to low-abundance taxa identified exclusively in the capture dataset or shotgun
identifications of species not present in the mtDNA capture. Future research should further
investigate these differences in taxonomic resolution when applying differential methods to

reconstruct past biodiversity

5. Population genetics and ADMIXTOOLS 2

In order to analyse our newly generated data within the scope of the Upper Palaeolithic
population genomics, we built a dataset of several hundred individuals (7-10, 13, 36, 89-101),
from which we collected the genotypes overlapping the 1240k database. This was used for all the
population genomics analyses. We employed the methodology described in (83) to identify ROH
in Ostunib and Isturitz and the rest of the Gravettian and Aurignacian individuals with more than
400,000 SNPs. We used the ROH detected to estimate the effective population sizes of the

populations of the studied individuals

We used ADMIXTOOLS 2 to identify the best-fitting admixture graph models that could explain
the differences observed in the f-statistics for Isturitz (see Methods). Out of 106,013 generated
graphs, 96 were retained as plausible models, defined as those within A = 2 of the best score
(plausible graphs <- combined %>% filter(score - best_score <= 2)), a commonly used threshold
in likelihood-based model comparison that retains alternative models statistically

indistinguishable from the best-fitting one. Within these plausible models, Isturitz was placed in
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a specific configuration 75 times, while 21 models included an ancestor from Sungir UP as a
source, and the remainder represented topologies not compatible with the current demographic
history. It is important to note that Véstonice (Czechia Gravettian) is almost the same age as
Isturitz, and therefore, the signal likely reflects an unsampled ancestor rather than deriving
directly from Véstonice. A binomial test confirmed that this placement was significantly more
frequent than expected under a null probability of 0.5 (one-sided p = 0.035), supporting the
interpretation that this topology reflects a genuine genetic signal rather than random variation.
We repeated the same procedure for other individuals assigned to the Fournol cluster with more

than 50,000 SNPs, Ormesson, Catalonia Gravettian, and Malalmuerzo (Figs. S12-14).

To test for differential genetic affinity between Western Gravettian or Solutrean individuals (with
>50,000 SNPs) and populations from the Vestonice cluster, we employed f,-statistics of the form
f(Mbuti,W_Gravettian;CE Gravettian A,CE_Gravttian B) We utilized a block-jackknife
approach to estimate standard errors and derived Z-scores to assess statistical significance. A
threshold of |Z| > 3 was used to identify cases where a test individual shares significantly more
genetic drift with one reference population over another, indicating departures from the null
hypothesis of treeness. CE referees to Central-Eastern Europe and W to Western Europe. The
results show no differential affinity of a Western Gravettian or Solutrean individual to CE

Gravettians (Fig. S15).

5.1 Neanderthal ancestry determination

Using F4-ratio (39), we determined that the Isturitz genome has about 1.9% Neanderthal
ancestry, Ostunilb has about 1.3%, and the mother (Ostunil) has about 1.5%. These are typical
values for the period, and not significantly different from each other (§2, 102). No determination

was possible for EIMiron14 PMD_O9trim or Chufin PMD_10trim.

5.2 Phenotypic prediction

We used aHISplex (41) (https://github.com/zmaroti/aHISplex) to predict the Eye, Hair and Skin
colour of the newly reported samples using the published pipeline that involves imputation,

despite our samples are below the required threshold of coverage we obtained for all of them
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predictions that involve Brown eyes, Black hair, Dark-Black/Dark skin. Which aligns with the
previous knowledge of Upper Pleistocene European Populations. Nevertheless, these predictions

should be take.

5.4 Admixture time determination

We used the software DATES v4010 to estimate the gene-flow dates of the detected events.
Following the recommendations, we restricted this analysis to populations or individuals with
substantial number of SNPs covers (300,000 SNPs). Specifically we tested the presence of an
East-West gene-flow in the Western Gravettian individuals (Ormesson, Isturitz,Fournol,
Catalonia_Gravettian) using Russia_Sunghir UP, Russia Kostenkil4 UP, Czechia Gravettian
as possible sources of Eastern ancestry and keeping GoyetQ116 or Ormesson as Western sources.
The results are presented in Table S29. Only the models involving Isturitz have a Z-score>3,
however the ones involving Ormesson have low SE and show almost the same dates as Isturitz,
supporting a gene-flow event between 31,500 and 32,500 cal BP. We also tried combinations
using Ostunil as a possible admixed individual but we did not reach any successful date, which

corroborated the evidence that it belongs to a single genetic ancestry.



Fig. S1.
Gravettian and Solutrean associated genomic data: Distribution of the available Gravettian

and Solutrean genomic data, which spans from 35,000 to 20,000 years bp. The dates refer to
direct dates or the range in case of multiple individuals. Orange depicts Fournol-ancestry and
Purple-Vestonice ancestry. Noted the case of the admixed individuals in Goyet, Ormesson and
Isturitz. Squares represent Solutrean-associated individuals and circles Gravettian-associated

ones. The map was obtained from https://mapswire.com/maps/europe-physical-maps/#pid=3

under a CC-BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).


https://mapswire.com/maps/europe-physical-maps/#pid=3
https://creativecommons.org/licenses/by/4.0/

., o2 9& ./
SR8

4% {f‘ﬁgx SNSRI
P

N AT ST
o S T eSS SR A S
7 Yy KL e ;“gﬁj “ Jﬁj e v&:ﬁ?ﬁ*‘fff\g A

Fig. S2.

f; matrix of Pleistocene and Holocene hunter-gatherers: f; matrix reflecting genetic distances
among all possible pairs of individuals, calculated as f;(HGi, HGj; Mbuti) using samples with
more than 10,000 SNPs from Table S5. Samples are grouped according to classifications
proposed in previous publications covering Upper Palaeolithic (UP) populations. The newly
generated samples, Isturitz, EIMiron14 PMD 9trim, and Chufin PMD 10trim fall within the
Fournol cluster individuals. Ostunilb is nearly identical to Ostuni. The orange square marks the
main genetic cluster that groups the newly generated samples, showing genetic similarity to the

pre-LGM European UP individuals.
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Fig. S3.
Principal component analysis of Pleistocene humans: A Principal Components Analysis

(PCA) was performed using modern European genomes as a reference panel, onto which the
samples listed in Table S5 were projected. The ancient individuals Isturitz,
ElMiron PMD Otrim, Ostunilb, and Chufin PMD_10trim fall within the range of genetic
variation observed among Upper Pleistocene European populations, consistent with previously

described patterns of genetic diversity for this period.



B
f4(Mbuti,Russia_Kostenki14_UP;GoyetQ116,X) f4(Mbuti,Russia_Kostenki14_UP;Fournol,X)

Paglicci_Gravettian
ElMiron14_PMD_9trim
Czechia_Gravettian
Ormesson

LaMarche

Ostunilb
Austria_Gravettian
Italy_Ostuni_Gravettian
Goyet_Gravettian
PA_ltaly_Gravettian
LaPiage

Isturitz
Goyet_Gravettian GoyetQ116
Isturitz Malalmuerzo
Germany_Magdalenian

Germany_Mag_oWHG —
-@-
—.—
—o—
e
—_—
—_——
—
——
o—
e
——
——
——
EIMiron14_PMD_9trim —_———— h A A
M Spain_Magdalenian_Miron
—_——
o
e
——
—.—
—a—
—.—
——
——
——
——
—_———
——
——
—_——

Czechia_Gravettian
Ormesson
Haly_Ostuni_Gravettian
Austria_Gravettian
LaMarche
Chufin_PMD_10trim
LaPiage
Malalmuerzo
PA_ltaly_Gravettian
Ostunilb

Fournol

Catalonia_Gravettian Germany_Mag oWHG
German n?:”::lgﬁ::ﬁ Catalonia_Gravettian
Spain g_l g et Rigney France_Magdalenian
pain_Magdalenian_Miron SanTeodoro_Epigravettian
_ Villabruna_Epi Belgium_Magdalenian
Belgium_Magdalenian - Bichon
Continenza_Epigravettian Villabruna_Epi
SanTeodoro_Epigravettian Continenza_Epigravettian
AC16_Epigravettian Oriente_Epigravettian

. _ Bichon Brillenhohle

_ Oriente_Epigravettian AC16_Epigravettian
Rigney_France_Magdalenian Chufin_PMD_10trim
LaRochette RiparoTagliente_Epi
Poland_Magdalenian LaRochette
Pradis_Epigravettian Pradis_Epigravettian

___“_}_f}_ff+_+__+_+__+_+_+_+++_+_m++.+_;+_4 +__+”

Pincevent_Magdalenian

GoyetQ376-3
RiparoTagliente_Epi —— : Poland_Magdalenian -@-
Pincevent_Magdalenian —_—— GoyetQ376-3 _——
LaRiera | ————o— - LaRiera | ——@—— -
-0.010 -0.005 0.000 0.005 -0.012 -0.008 -0.004 0.000 0.004 & Aurignacian
f, statistic (+- SD) fy statistic (+- SD) - Epigravettian
# Gravettian
C - Magdalenian
fa(Mbuti,Russia_Sungir_UP;GoyetQ116,X) fs(Mbuti,Russia_Sungir_UP;Fournol,X) e Solutrean
Czechia_Gravettian - Czechia_Gravettian -0
Italy_Ostuni_Gravettian . Q- Austria_Gravettian
Austria_Gravettian . Q- Italy_Ostuni_Gravettian -0~
PA_ltaly_Gravettian . O Ostuniib -0
Ostunilb : -0 G PAiltaIyMGravevt\:ﬁg -0
Isturitz Do ermany_Mag_o e
Germany_Mag_oWHG —_—— Paglicci_Gravettian _———
Ormesson o Isturitz .
Goyet_Gravettian o Goyet_Gravettian ——
SanTeodoro_Epigravettian o— Ormesson [
LaMarche — SanTeodoroprllgir“emﬁn o
i i i aMarche ——
Contlnenza_Eplgrggﬁlrtll_leLr} :: Rigney_France_Magdalenian ——
AC16_Epigravettian —— c°“"“:g1zg—gp!9ra""‘“!3“ e
Spain_Magdalenian_Miron - _Epigravettian e
- Malalmuerzo . Spain Magdalerﬁgxe;ﬂqi:;g :::
Bichon —— - ant ! ]
Rigney_France_Magdalenian —o RIparoTagIlenE;?aE:pr: _.__._—
Catalonia_Gravettian — Villabruna Epi —
- Viéla.bm"a—gpi - CataluniaﬁGraveﬁiapn —a=
GOnente_ nﬁ;lg:’a\:en!an —— Germany_Magdalenian ——
ermany_Magdalenian e EIMironT4_PMD_9trim —
Belglum_Magdalenian . Belgium_Magdalenian o
RiparoTagliente_Epi —e— LaRochette —
_ Brillenhohle e — Oriente_Epigravettian ——:
Chufin_PMD_10trim —— Malalmuerzo —.—:
Poland_Magdalenian —— Pincevent_Magdalenian —_—
Pradis_Epigravettian —— - LaPiage e
Pincevent_Magdalenian — Poland_Magdalenian —.—
LaRochette —_— Chufin_PMD_10trim —
. LaPiage —_—— Pradis_Epigravettian —— :
EIMiron14_PMD_9trim —_—. Brillenhohle —_——
LaRiera | ——&— : LaRiera | ——@——
GoyetQ376-3 | —@—— . GoyetQ376-3 | —@—— .
-0.008 -0.004 0.000 0.004 -0.005 0.000 0.005

f4 statistic (+- SD) f4 statistic (+- SD)

Fig. S4.

Genomic asymmetries among Upper Pleistocene European populations relative to
Russia_Sungir UP and Russia_Kostenkil4 UP: The plots show that Russia Kostenkil4 UP
displays greater affinity to Czechia Gravettian when compared with GoyetQ116 (A,B).
Comparisons involving Russia_Sungir UP ancestry relative to GoyetQ116 and Fournol highlight
the differential genetic affinities among Gravettian populations across Europe (C,D). The

genome of Isturitz is the only genome from southwestern Europe to which Russia_Sungir UP



shows more affinity in comparison to Fournol (B). Empty circles indicate results that are not
statistically significant (-3 < Z < 3), and colours represent cultural attribution. Error bars

correspond to one standard error.
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Fig. S5.

Ostunil b genome characteristics and ROH of Gravettian-Aurignacian related individuals:
A) Comparison of Ostunilb and Ostunil in the form f(Mbuti, X; Ostunil, Ostunilb).
Individuals on the positive side of the plot show a greater affinity to Ostunilb, while those on the
negative side to Ostunil, no values are significant. B) ROH detected in the newly reported and

published Aurignacian and Gravettian data from Central and Western Europe.
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Fig. Se.

Chufin Tooth analyses: A) Photograph of the Chufin tooth specimen; B) Distribution of read
lengths from PMD23-filtered reads, showing characteristic fragmentation patterns typical of
degraded ancient DNA; C) Cytosine deamination patterns along sequencing reads indicate
ancient DNA authenticity, with the top plot showing elevated C-to-T transition rates at the 5'

ends.



Fig. S7.

IS-02A bone sampled in this study.
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Ostunil-Ostunilb Kinship: READvV2 results of the comparison

Ostuni 1b-Ostunil are compatible with 1st degree relatives.

of Ostuni 1 and Ostunilb.
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Distribution of key metrics used to characterise the EIMiron14 sample (A) and Chufin
sample (B). The edit distance (ED), deamination frequency at the 5" end, recovery of reads, and

read length are shown. Red denotes shotgun data, and blue denotes capture data.
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Fig. S10.

ElMironl4 sequencing: A) Distribution of read lengths of EIMironl4 pmd, showing
characteristic fragmentation patterns typical of degraded ancient DNA, B) Distribution of read
lengths of EIMiron14 mtDNA, showing characteristic fragmentation patterns typical of degraded
ancient DNA, C) Cytosine deamination patterns along sequencing reads of EIMiron14 PMD,
indicative of ancient DNA authenticity. D) Cytosine deamination patterns along sequencing

reads of EIMiron14 mtDNA, indicative of ancient DNA authenticity.
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Fig. S11.
Mitochondrial DNA data from ElMironl4: top: Mitochondrial DNA reads of the EIMiron14

samples, the sequenced libraries show deamination and short reads (bottom).
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Admixture graph of Ormesson individual: Admixture graph fitted with the find graphs
function of ADMIXTOOLS 2, exploring models that could explain the quantitative values of the
f-statistics relating the individuals. Across the 44 plausible graphs generated with these
populations, Ormesson was consistently placed as an admixture of Fournol and preferably

Russia Kostirnkil4 UP in all of these.
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Fig. S13.

Admixture graph of Catalonia_Gravettian individuals: Admixture graph fitted with the
find_graphs function of ADMIXTOOLS 2, exploring models that could explain the quantitative
values of the f-statistics relating the individuals. Across the 101 plausible graphs generated with
these populations, Catalonia Gravettian was consistently placed as a sister clade of Fournol in all

of these.
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Fig. S14.

Admixture graph of Malalmuerzo individual: Admixture graph fitted with the find graphs
function of ADMIXTOOLS 2, exploring models that could explain the quantitative values of the
f-statistics relating the individuals. Across the 159 plausible graphs generated with these

populations, Malalmuerzo was consistently placed as a sister clade of Fournol in all of these.



f4-statistic

Mbutl, W_Gravettian: Austria_Gravettian, ltaly_Ostuni_Gravettian

f4(Mbuti, W_Gravettian; CE_Gravettian_A, CE_Gravettian_B)

Mbutl, W_Gravettian; Gzechia_Gravettian, Austria_Gravettian

Mbutl, W_Gravettian; Gzechla_Gravettian, Italy_Ostuni_Gravettian

Mbuti, W_Gravettian; Gzechla_Gravettian, PA_ltaly_Gravettian

Fig. S15.

Relationship between Fournol-like Gravettians and Vestonice-like ones: f,-statistics results
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regarding the comparative affinity of Western Gravettian or Solutrean individuals (with > 50,000

SNPs) in comparison to Eastern and Central Gravettian individuals from the Vestonice cluster.
We
(PA_Ttaly Gravettian) vs. the Austrian Gravettians from Krems (Z = -3.042). In general, the

detect that Isturitz

shows a higher statistical affinity to the PA12

individual

individuals from the West do not appear to share significant differences in comparison to the

Eastern and Central. CE referees to Central and Eastern Gravettian individuals and W to Western

Gravettian or Solutrean individuals. The black circle means statistical significance.




Table S9.

Library Point est. Down Up
12517 0.02 0.01 0.03
12518 0.02 0.01 0.03
12879 0.02 0.01 0.03
11812 0.03 0.01 0.05



Table S10.

Library Positions Majority =~ Minority  Point est. Lower Upper
12517 4 1240 59 0.045 0.034 0.056
12518 4 1177 81 0.064 0.05 0.078
12879 4 613 37 0.057 0.039 0.075
11812 0 0 0 NA NA NA



Table S11.

Library Point est. Lower Upper
12517 0.03 0.03 0.04
12518 0.04 0.03 0.05
12879 0.07 0.05 0.09

11812 0.33 0.07 0.93



Table S12.

Method Mean Median SD Min Max

Capture 128042 107684 67117 52450 298066

Shotgun 168576 176984 25141 120857 192634



Table S13.

Computed statistics on the Edit distance per Extract ID of EIMiron14.
ExtractID  mean median sd min max
1987 0.926 0.924 0.109 0.774 1.17
2668 0.916 0.906 0.0928 0.784 1.25



Table S14.

Computed statistics on the Edit distance per Library ID of EIMiron14.

LibraryID
11980
12236
12588
12589
12590
12591
12592
12593
12594

mean

1.00

1.09

0.930
0.873
0.899
0.883
0.885
0.875
0.908

median
0.949
1.09
0.932
0.891
0.888
0.912
0.905
0.884
0.922

sd

0.147
0.0477
0.0502
0.0499

0.117 0.795
0.0648
0.0505
0.0426
0.0968

min
0.888
1.02
0.837
0.784

0.790
0.798
0.802
0.774

1.25

max
1.17
1.16
1.00
0.929

0.954
0.934
0.957



Table S15.

Computed statistics on the read length per Extract ID of EIMiron14.

ExtractID  mean median sd min max
1987 61.8 65 7.68 50
2668 57.9 61 7.36 46

70
69



Table S16.
Computed statistics on the read length per Library ID of EIMiron14.

LibraryID  mean median sd min max
11980 64.7 69 8.39 55
12236 60.5 62 6.52 51
12588 56.7 60 7.33 47
12589 58.2 61.5 7.62 48
12590 57.6 60 7.95 47
12591 56.4 59.5 7.29 46
12592 58.6 62 8.31 47
12593 57.9 61 7.50 47
12594 61.1 64.5 7.72 50

70

65
66
67
64
68
65
69



Table S17.

Computed statistics on the deamination at 5° per extract ID of EIMiron14.
ExtractID  mean median sd min max

1987 0.412 0.389 0.0453 0.356 0.482
2668 0.410 0.389 0.0574 0.298 0.532



Table S18.

Computed statistics on deamination at 5’ per Library ID of EIMiron14.
LibraryID

11980
12236
12588
12589
12590
12591
12592
12593
12594

mean

0.405
0.401
0.421
0.392
0.408
0.437
0.411
0.403
0.414

median

0.387
0.388
0.389
0.368
0.380
0.422
0.384
0.382
0.394

sd
0.0597
0.0506
0.0622
0.0641
0.0577
0.0484
0.0613
0.0582
0.0442

min
0.356
0.310
0.358
0.298
0.344
0.381
0.347
0.330
0.366

max
0.471
0.472
0.532
0.503
0.519
0.516
0.507
0.505
0.482



Table S19.

Computed statistics on human reads recovery per extract ID.

ExtractID  mean median sd min max

1987 5294 5000 2154 2870 10480
2668 2523 2612 1015 993 8757



Table S20

Computed statistics on human reads recovery per library ID of EIMiron14.

LibraryID  mean median sd min max
11980 7599 6930 2612 5387 10480
12236 3065 2557 2104 1063 8757
12588 2334 2487 626 1147 3145
12589 2344 2622 634 1183 3084
12590 2450 2500 791 1178 3918
12591 2550 2623 910 993 4090
12592 2554 2820 590 1573 3115
12593 2427 2628 853 1217 4213

12594 4717 3802 1689 2870 7243



Table S21.

Computed statistics on human reads recovery per sequencing strategy of EIMiron14.
Method mean_ed median ed sd ed min _ed max_ed

Capture 0.950 0.922 0.0830 0.837 1.25

Shotgun 0.855 0.819 0.0883 0.774 1.10



Table S22.

Computed statistics on human reads length per sequencing strategy of EIMiron14.
Method mean median sd min max
Capture 63.4 63 2.92 58 70
Shotgun 48.6 48 2.02 46 55



Table S23.

Computed statistics on human read deamination per sequencing strategy of EIMiron14.
Method mean median sd min max
Capture 0.376 0.379 0.0260 0.298 0.442
Shotgun 0.481 0.476 0.0221 0.449 0.532



Table S24.

Computed statistics on human read recovery per sequencing strategy of EIMiron14.
Method mean median sd min max
Capture 2976 2636 1852 214 10480
Shotgun 2779 2846 902 993 5387



Table S25.
Results from the PileupCaller on the four samples generating merging ElMiron14 reads in the

four combinations presented.

SampleName TotalSites Covered calls
Miron14 1233013 49212

Mironl4 S 1233013 1515

Mironl4 C 1233013 48384

Miron14 90 1233013 42214



Table S26.

Results of the f3-statistics computed on EIMiron14 samples and other contemporary and regional

genomes.
Popl Pop2 Pop3 Value SD SNPs
ElMiron14 ElMiron14 C Mbuti  0.786272 0.007524 30795
ElMiron14 ElMironl4 90  Mbuti  0.783615 0.008001 26803
ElMiron14 ElMironl4 S Mbuti  0.733932 0.034405 942
ElMiron14 C  ElMironl4 90  Mbuti  0.785554 0.008061 26318
ElMiron14 90  ElMironl4 S Mbuti  0.714201 0.035299 866
ElMiron14 C  ElMironl4 S Mbuti  0.740460 0.054262 438
Href.REF ElMiron14 Mbuti  0.236326 0.006225 32954
Href.REF ElMironl14 C Mbuti  0.235931 0.006247 32426
Href.REF ElMironl4 S Mbuti 0.248459 0.029919 985
Href.REF ElMiron14 90  Mbuti  0.241878 0.006726 28213
Href.REF Isturitz Mbuti  0.193309 0.003867 153538
Href.REF GoyetQI116 Mbuti  0.190310 0.003449 411468
Href.REF GoyetQ2 Mbuti  0.199044 0.003611 293798
Href.REF Girona Grav Mbuti  0.241513 0.004110 136327
Href.REF ElMiron Mag Mbuti  0.205492 0.003555 434089
Href.REF Fournol Mbuti 0.212010 0.003654 408064
Href.REF Malalmuerzo Mbuti  0.215603 0.004039 151253
Spanish.DG Isturitz Mbuti 0.249433 0.003267 165272



Spanish.DG
Spanish.DG
Spanish.DG
Spanish.DG
Spanish.DG
Spanish.DG
Spanish.DG
Spanish.DG
Spanish.DG

Spanish.DG

GoyetQ116
GoyetQ2
Girona_Grav
ElMiron Mag
Malalmuerzo
Fournol
ElMiron14
ElMiron14 C
ElMiron14 S

ElMiron14 90

Mbuti

Mbuti

Mbuti

Mbuti

Mbuti

Mbuti

Mbuti

Mbuti

Mbuti

Mbuti

0.245307

0.256118

0.247653

0.257933

0.251052

0.247220

0.253243

0.253971

0.237300

0.251281

0.002884

0.003026

0.003308

0.003003

0.003393

0.003028

0.004752

0.004791

0.021585

0.00504

442897

315798

148083

465486

163038

441054

35711

35125

1081

30606



Table S27.

mtDNA sampling attempt to retrieve human mtDNA from the EIMiron14 sample

Sequenced Mapped Unique % Q30  Dupl. G>A
Sample reads reads reads endo. Reads rate Cov. C>TS’ 3
16333iL3 1556751 6636 1230 0.00 889 1.38 1.6 40.20 36.18
16333iL1 1815085 6938 2278 0.07 1926 1.18 6.02 37.71 37.66
16333iL4 1863438 15663 2517 0.12 2061 1.22  5.63 41.10 4230
16333iL5 3676163 18377 2826 0.07 2237 126 54 38.19 4141
16333iL4.1 3650823 31551 1344 0.08 841 1.60 0.8 40.71 42.85
16333iL4.2 1156483 11663 1224 0.12 781 1.57 1.16 3588 34.96
16333iL4.3 2862850 30896 1514 0.04 955 1.59 1.02 3641 3298
16333iL4.4 3021893 12014 1219 0.05 771 1.58 090 3541 37.16
16333iL4.5 1302657 8932 1161 0.09 749 1.55 092 5036 36.00



Table S28.
Summary of classified taxa using QuickSand v.2.5 of ElMironl4. The reported values
correspond to extracted reads, k-mer counts, k-mer duplication rate (DupRate), mapped reads,

mean read length, and breadth of coverage, we present the results by family.

Taxa Extracted Kmers mers Mapped Deduped Mean Breadth
DupRate Length

Rupicapra 20015 23274 8.44 13652 9800 47.5 0.994
Cervus 13353 11917 11.8 7528 5698 49.2 0.95
Canis 6740 20047 3.71 4344 3697 47.0 0.966
Aquila 4779 6386  4.29 1081 870 45.5 0.643
Talpa 1579 4999  1.67 456 430 46.6 0.653
Microtus 4352 5959  1.99 252 232 46.7 0.378
Lagopus 2435 3423 235 216 198 45.0 0.388
Homo 437 2813 1.33 200 182 50.9 0.417
Pyrrhocorax 1139 3021 1.71 140 129 44.6 0.273




Table S29.

Dates admixture estimates obtained through running DATES v4010, the time range has been

calculated from the midpoint of the calibrated date range. The * denotes statistically significant

results. The - sign means not feasible.

Popl Pop2 Target Gene CI Z-score Time range

ration

S
Czechia_Gr GoyetQ Isturitz 57.86 14.9 3.8% 31600-324
avettian 116 5 50 BP
Czechia Gr Ormess Isturitz 52.93 16.7 3.1% 31370-324
avettian on 9 50 BP
Russia_Sun GoyetQ Isturitz 12.41 36.7 0.338 29729-317
ghir UP 116 1 85 BP
Russia Kos GoyetQ Isturitz 99.92 41.3 2.4 32048-343
tenkil4 UP 116 4 66 BP
Czechia Gr GoyetQ Ormesson 40.05 26.3 1.5 31233-327
avettian 116 3 05 BP
Russia_Sun GoyetQ Ormesson 34.91 17.0 2.0 31349-323
ghir UP 116 8 01 BP
Russia_Kos GoyetQ Ormesson - - - -
tenkil4 UP 116
Czechia Gr GoyetQ Fournol 184.2 90.9 2.0 31351-364
avettian 116 73 43 BP
Russia_Sun GoyetQ Fournol 213.8 119.3 1.7 31385-380
ghir UP 116 79 66 BP
Russia Kos GoyetQ Fournol 338.6 340.7 0.9 28737-477
tenkil4 UP 116 14 58 BP



Table S1.

Summary of sequencing and mapping statistics for the Isturitz and Ostuni 1b samples

Table S2.

Summary of sequencing and mapping statistics for the Chufin sample

Table S3.

Summary of sequencing and mapping statistics for EIMiron14 sample

Table S4.

Alleles at relevant mtDNA positions in captured mtDNA from the EIMiron14 sample

Table S5.

Dataset used for population genetic comparisons, including sample information (version, group,
population label, culture, metapopulation, location, country, publication, calibrated age),

geographic coordinates, and the number of SNPs analyzed.

Table Sé6.

f4-statistic combinations used in the clustering analyses.

Table S7.

Complete values of the f4-statistics reported in the manuscript, including all tests used in the

analyses.



Table S8.

Prediction of Runs of Homozygosity and effective population estimates in Aurignacian and

Gravettian individuals
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	Edit distance: Capture libraries exhibited higher edit distances than shotgun libraries (Table S21). A Mann–Whitney U test returned p = 2.86 × 10⁻⁸, indicating a statistically significant difference between sequencing methods. 
	Read length: Read length also differed strongly between sequencing strategies (Table S22). Capture reads were substantially longer than shotgun reads (mean 63.4 bp vs 48.6 bp), and the Mann–Whitney U test showed a highly significant difference (p = 4.26 × 10⁻¹⁶). 
	Deamination: Deamination levels were also significantly different (Table S23). Shotgun reads showed higher 5′ deamination (mean 0.481) compared to capture reads (mean 0.376), with a Mann–Whitney U test p-value of 5.48 × 10⁻¹⁶. 
	Human read recovery: Despite these differences in molecular characteristics, the number of human reads recovered did not differ significantly between sequencing strategies (Table S24). The Mann-Whitney U test yielded p = 0.636, indicating comparable levels of human read recovery between capture and shotgun libraries. 



