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Supplementary Text

Determination of dates for time periods and study individuals

Date ranges for time periods were determined based on archaeological and historical information about
the local region. The locations and time periods of all sites are reported in Fig. S1 and Table S1.

Mesolithic (ME): 10,000 BCE-6,000 BCE

Neolithic (NE): 6,000 BCE-3,500 BCE

Copper Age (CA): 3,500 BCE-2,300 BCE

Bronze Age (BA): 2,300 BCE-900 BCE

Iron Age & Roman Republic (IA): 900 BCE-27 BCE
Imperial Rome (IR): 27 BCE-300 CE

Late Antiquity (LA): 300 CE-700 CE

Medieval & Early Modern (MD): 700 CE-1800 CE

Chronological dates for individuals in the study were determined using a consensus of AMS dating and
archaeological and historical inference. For AMS dating, 1 gram of dense petrous bone was aliquoted and
sent to the W.M. Keck Carbon Cycle Accelerator Mass Spectrometer Lab at the University of California
at Irvine. These were calibrated using the intCal13 calibration curve using the OxCal interface

(https://c14.arch.ox.ac.uk/oxcal/OxCal.html)

A single date estimate for each individual in the study was determined by the average of lower and upper
estimates of the 95% confidence interval when using AMS dates, and the average of the lower and bound
inference dates when using archacological and historical context for dating. The full 95% confidence
intervals are reported in Table S2.

DNA extraction and library preparation

The 134 ancient genomes reported in this study (127 ancient from central Italy described in the main text
and 7 Bronze/Copper Age Sardinians also released with the data) represent a subset of samples screened
from 30 archaeological sites in central Italy and Sardinia.

We isolated and finely ground the cochlear regions of the petrous bones in a dedicated clean room
facilities at University College Dublin (April - November 2017) and the University of Vienna (Feb - Dec
2018) following the protocols described in (37, 38). DNA was extracted from 50 - 60 mg of powder
following, with the Zymo-Spin V column binding apparatus replaced with a high pure extender assembly
from the High Pure Viral Nucleic Acid Large Volume Kit (Roche) as in (39, 40).

DNA was eluted in 50 pl 10 mM Tris-HCIL, 1 mM EDTA, 0.05% Tween-20, pH 8.0. 12.5 - 25 uLL of DNA
extract was used to prepare partial uracil-DNA—glycosylase (UDG) double stranded libraries as described
in (41). After a partial (30 minute) UDG treatment, library preparation followed a modified version of the
Meyer and Kircher 2010 protocol (42): the initial DNA fragmentation step was not required and MinElute
PCR purification kits (Qiagen) were used for all library clean-up steps. Libraries were double-indexed
with Accuprime Pfx Supermix. The PCR cycling conditions were as follows: an initial denaturation at
95°C for 5 min followed by 12 cycles of 95°C for 15 seconds, 60°C for 30 seconds and 68°C for 30
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seconds with a final elongation at 68°C for 5 min. After indexing, the libraries were purified using the
MinElute system (Qiagen) and eluted in 25ul. of 1 mM EDTA, 0.05% Tween-20.

Libraries were screened based on Qubit concentration and visual validation of Bioanalyzer peaks for an
initial low coverage (MiSeq or NextSeq) screening run.

Sequencing read processing and sample screening

Samples were initially sequenced to low coverage on MiSeq or NextSeq for screening. Following
demultiplexing of the sequencing libraries, reads were trimmed, aligned, filtered for quality, and
deduplicated.

First, adapters were removed from reads using Cutadapt (v1.14) (43). Then, for each sample, reads were
processed further (a) with the 2 base pairs at either end of the reads trimmed off and (b) without trimming.
Since partial UDG treatment was performed on the libraries, a damage signature consisting of elevated
C>T transitions on the 5’ end and G>A transitions on the 3’ end should remain at the ends of reads.
Therefore, analyzing untrimmed, aligned reads would allow us to assess the amount of the ancient DNA
damage signature present in a sample, and to use this as a criteria for authenticating that the sample DNA
is ancient. Other than the variable trimming parameter for the ends of the reads, all other parameters
remained the same in downstream processing.

Following variable trimming, reads were filtered for minimum length of 30, then aligned to hg19 using
bwa (0.7.15-r1140) (44), with seed length disabled (-1 350). For each sample, aligned reads were sorted
by coordinate using Picard’s SortSam (version 2.9.0-1-gf5b9f50-SNAPSHOT) and read groups were
added using Picard’s AddOrReplaceReadGroups (version 2.9.0-1-gf5b9f50-SNAPSHOT)
(http://broadinstitute.github.io/picard/). Reads with mapping quality < 25 (including unaligned reads)
were filtered out. For higher coverage sequencing runs, this process was parallelized by splitting raw fastq
files and merging after alignment, sorting, and quality filtering. Duplicates were removed using samtools

rmdup (http://www.htslib.org/doc/samtools.html) (45). Genome-wide and chromosomal coverage were
assessed using depth-cover (version 1.0.3, https:/github.com/jalvz/depth-cover).

Samples were screened and selected using the following criteria: 1) >10% reads aligned to the hg19 build
of the human genome; 2) a C>T mismatch rate at the 5’-end and G>A at the 3’-end of the sequencing
read of 4% or above (characterized with mapDamage v2.0.8) (46); 3) library complexity estimates
indicating that at least coverage of 0.5x would be achievable with further sequencing, 4) with a
contamination level <= 3%. Contamination rates were estimated with three methods: 1) damage pattern
and polymorphism in mitochondrial DNA with Schmutzi (47), 2) atypical ratios of coverages of X and Y
chromosomes to autosomes calculated with ANGSD (48) and 3) for male samples, high heterozygosity on
non-pseudo-autosomal region of the X chromosome (chrX:5000000-154900000 in hg19) with the
“contamination” tool in ANGSD (48).

134 (127 Roman/central Italian, 7 Sardinian) samples passed our quality controls and were further
sequenced on HiSeq2000, HiSeq4000 or Novaseq 76-bp single end runs. Adapter trimming and alignment
were carried out as described above for the screening runs. Sample information including percent
endogenous, C>T rates, and contamination estimates are summarized in Table S2.
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Calling pseudohaploid genotypes for ancient Italian individuals

Pseudohaploid genotypes for study samples were called following the pipeline suggested by and tool
provided by Stephan Schiffels (hﬁp&[[gﬂhlhmﬁﬂmhlff[ﬁqu@n@@lbpl&) First, read coverage of a select
SNP set was performed using samtools mpileup (version 1.4). For maximum overlap with published
ancient and modern samples, variants were selected based on those used in the Human Origins panel and
in the modern reference panel published along the Lazaridis et. al. 2014 data (/2), resulting in a total of
481,259 SNPs. A filter of minimum base and mapping quality of 30 (--min-BQ and --min-MQ) were also
applied during samtools mpileup. Next, pseudohaploid genotypes were called by randomly choosing one
allele from each site where there was read coverage, using pileupCaller. Data was output in eigenstrat
format. This same procedure was performed for a few published ancient samples for which only fastq or
bam data (as opposed to already called pseudohaploid genotypes) were available.

The 134 (127 Roman and 7 Sardinian) samples that passed quality filters have minimum of 39%
(186,710) of SNPs and a median of 73% (349,979) SNPs covered with non-missing pseudohaploid calls.

Curating a reference dataset of published modern and ancient individuals

We downloaded and merged data from a collection of genetic diversity datasets. The majority of
published modern and ancient samples used were already compiled by David Reich’s Lab (49). Most of
the samples were based on capture sequencing of ~590k targeted SNPs in the Human Origins panel. To
this, we added recently published ancient samples from the Phoenician, Iberian, and Lebanese
populations (Table S4) (18, 28, 32). For WGS-based studies, we called pseudo-haploid datasets using the
same pipeline as for Italian samples.

For the Chromopainter analysis, we merged Spanish and British populations from the 1000 Genomes
(50), Jewish populations from Behar et al. (51), Italian populations from Fiorito ez al. (2016) (52), and
Eurasian populations from the Globetrotter dataset (53) (Table S4). Samples from the latter three datasets
were imputed using the Michigan imputation server

(https://imputationserver.sph.umich.edu/index.html#!).

Assessing imputation accuracy for low coverage ancient genomes

To assess imputation accuracy, the same procedure above was performed on a high coverage ancient
genome (NE1) (54) downsampled from 22x to approximate coverage levels ranging from 0.1x to 5x for
chromosome 22. Downsampling was performed using samtools view with the -s parameter. Genotypes
were called and imputed from downsampled bam files. Genotype consistency was measured by
calculating the proportion of imputed genotypes that were consistent with reads in the full sample bam
file (for sites where >10x coverage; Figs. S2 and S3).

Genotype imputation for ancient Roman and published modern individuals

In order to perform haplotype-based analyses, and leveraging the fact that low-coverage whole genome
data can be imputed with relatively high accuracy (54-56) , we also performed genome-wide imputation
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on the study samples. First, genotypes and likelihood scores were obtained using GATK
UnifiedGenotyper (57) for variants at >0.01 minor allele frequency (MAF) in the 1000 Genomes global
reference panel (50). The following parameters were used: --min_base quality score 30 --output_mode
EMIT ALL SITES --allSitePLs --alleles <reference panel> --genotyping mode

GENOYTPE _GIVEN_ALLELES -R <hgl9 reference fasta>). We used UnifiedGenotyper instead of
more recent genotype callers, such as HaplotypeCaller, because it has the option to output genotype
likelihood scores. The likelihood scores model some of the uncertainty of the genotype due to the low
coverage of the study samples, making them the preferred input (as opposed to called genotypes) for
imputation.

For imputation, we used Beagle v4.0 (58). More recent versions of Beagle and other imputation software
do not have an option to impute on genotype likelihood or probability scores. The reference panel (1000
Genomes) and the recombination maps used can be found on the Beagle website
(https://faculty.washington.edu/browning/beagle/b4 1.html). The following parameters were used:
gprobs=true, impute=true, gl=<input genotypes from UnifiedGenotyper> ref=<Beagle imputation
reference panel>, map=<GRCh37 recombination map>.

Inference of mitochondrial DNA haplogroups and contamination

Since all libraries were treated with partial-UDG, a deamination signature of > 0.04 remain the last 2 bp
on each end of a read (also a criteria used in sample screening). In the main pipeline used for genotype
calling, two base pairs on each end are trimmed. However, for determining mitochondrial contamination
and the endogenous mitochondrial genome, these untrimmed reads were used to extract only reads with a
damage signature. The endogenous consensus mitochondrial genome was called simultaneously while
estimating mitochondrial contamination using schmutzi (47). Sequencing reads were aligned to the
revised Cambridge Reference Sequence (rCRS) mitochondrial genome (NC_012920.1).

First deamination and a contamination estimate based on it were estimated using the contDeam tool in
schmutzi with the following parameters: length of expected deamination set to 2 (--lengthDeam 2) and
library type set to double strand (--library double). Second, the main schmutzi program was used to 1)
estimate contamination based on a haplogroup frequency database in conjunction with the deamination
estimates from contdeam and 2) to assemble the endogenous consensus MT genome informed by
contamination. Base quality filtering of 30 (--qual 30) and the --uselength parameter were both used. We
found that using a global haplogroup frequency database did not provide any additional information than
using the eurasian database, both provided by schmutzi. We also ran schmutzi with both a set deamination
rate of 0.05 (based on results from Mapdamage during screening of samples) and with the rate estimated
by contDeam.

The output of this pipeline is a contamination estimate based on deamination rates, a contamination
estimate based on haplogroup frequencies, a contaminant MT genome, and an endogenous MT genome.

Haplogroups for the consensus endogenous genomes were called using the command line version of
Haplogrep (v2.1.20) (59) (Table S2; Fig. S4). Contamination estimates are reported along with X
chromosome contamination estimates, where possible (for males).

Mesolithic (10,000-6,000 BCE; n=3)
All three mesolithic individuals have haplotypes from the U group, two from the U5 subgroup and one
from U8. In a study of the neolithic expansion in Europe, 83% of European hunter-gatherers (n = 23)
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were shown to have U haplotypes, compared to 12% of farmers (n = 105)(60). More specifically,
haplogroup U5 (along with U2) represent the majority of mitochondrial variation in Western Hunter-
Gatherers (WHG), Eastern Hunter-Gatherers (EHG), and Scandinavian hunter-gatherers (SHG)(7/4).Thus
the Italian Mesolithic individuals reported here have typical mitochondrial haplogroups compared to
contemporaneous Europeans.

Neolithic and Copper Age (6,000-2,300 BCE; n=13)

Three Neolithic individuals reported here have mitochondrial haplotypes in the U group, three in the K
group, and one of each in the H, N, and T groups. The three Copper Age individuals have N, K, and I
haplogroups. The K haplogroup is thought to be a marker of the neolithic expansion as it is nearly absent
in hunter-gatherers and at the highest levels in the Near East (67). Isern shows that the frequency of K
decreases with increasing distance from Syria (used as a proxy for the origin of farming) and with
increasing time since the introduction of farming into Europe.

Individuals with H, N, and T haplogroups are also consistent with published findings on haplogroups
present during the Neolithic period in Europe. Although nearly absent among Mesolithic hunter-gatherers,
Haplogroup H was present among ~19% Early Neolithic Europeans, and has been found to have
increased in frequency over the course of the Neolithic expansion (62). Today, it represents > 40% of
European mitochondrial variation, the most common haplogroup amongst present-day Europeans.
Haplogroup Nlal, representing haplogroups of one Neolithic and one Copper Age individual in the
Roman time series, has been reported at frequencies only as high as ~9% (German Early Neolithic, n =
160) among Neolithic European populations (63). The frequency of Nlal does not seem to noticeably
increase in subsequent time periods, as it is found at ~7% in central European Bronze Age populations,
and ~2% in the Yamnaya. The T haplogroup is present at <3% frequency in European Neolithic groups
from France, Germany, and Iberia. The I haplogroup (which is present in one Copper Age Roman
individual) is virtually absent among European Neolithic groups, although found at ~11% frequency in
Early Bronze Age central Europeans previously studied.

Iron Age and Roman Republic (900-27 BCE; n=11)

Among the 11 Iron Age and Roman Republic individuals in the time-series reported here, the
mitochondrial haplogroups H (n=5, 45%), I (n=2), K (n=1), U (n=1), and T (n=2) are represented. In a
study of 15 individuals from Botromagno, in southern Italy, from the same time period (800-500 BCE),
Emery et. al. found similar frequencies of the H haplogroup, at ~46% (7/15 individuals) (64). In contrast
to Iron Age individuals studied here, the U haplogroup was found at much higher levels in Botromagno
individuals, at 40% (6/15 individuals). Among the Botromagno Iron Age individuals, haplogroups V and
J (both n = 1) were also represented, however they were not present in any of the 11 Iron Age individuals
reported here.

Imperial Rome (27 BCE - 300 CE; n=48)

Among the 48 Imperial Roman individuals reported here, the most frequent haplogroups are H (n=10), U
(n=11), and T (n=10), all haplogroups present since the Neolithic period, according to the Roman time-
series reported here. Similarly, in a study of 30 individuals from Vagnari in southern Italy during this
period, the H haplogroup was also common at 40%, present in 12 out of 30 individuals, as was the T
haplogroup (n=5) (64). Surprisingly, the U haplogroup was not present among the Vagnari Roman era
individuals, despite being present in 23% of Imperial Roman individuals reported here.

Haplogroups J (n=3), which was not found in individuals of preceding time periods, and K (n=2) are
found at lower frequencies. Along with haplogroups H and T, J and K are also typical of Eurasian
populations. Both J and K are present at similar frequencies (n=2 each) in the individuals from Vagnari
during the same period.
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Haplogroups D, HV, R, and X are represented by one individual each from the Imperial Roman period,
and interestingly, are not found in preceding time periods. Among the Vagnari individuals, haplogroups D
(n=2), HV (n=1), and X (n=2) are also present at low frequencies.

The D haplogroup is considered to be of East Asian origins. R78, the only individual in the time series
representing this haplogroup, projects closely to some eastern Mediterranean populations (Turkish Jews,
Cypriots, and Greeks) in PCA (Fig. S15), although not as closely as some other individuals of the same
time period. Although rare among modern Europeans, Prowse et. al. found that one out of ten individuals
from this same time period (2nd-4th century CE) in Vagnari (southern Italy) had the D mitochondrial
haplogroup (65).

Individual R132, notable for having substantial African ancestry, has a haplotype (R0a2j) belonging to a
sister clade, RO, of haplogroup H. The RO clade has also been found in a Phoenician Lebanese individual
dated to 539-330 BCE (66). For present-day populations, one study found that the ROa subgroup is found
at nearly 40% frequency in the Arabian peninsula, and at 11% and 22% in Yemenite Jews and Ethiopian
Jews, respectively (34, 67). Another study that analyzed individuals from the 1000 Genomes Project,
found the R haplogroup to be virtually absent in European, African, and admixed American populations,
although fairly common in East Asian and Indian populations (of note Middle Eastern and North African
populations are not represented in the 1000 Genomes Project) (68).

Late Antiquity (300 CE - 700 CE; n=24)

As in previous periods, haplogroup H (n = 8, 33%) is the most frequent among Late Antique individuals,
followed by T (n=6), K (n=3), U (n=2), and J (n=2). Haplogroups HV, I, and L are all represented by one
individual each. All haplogroups, except L, are common among Eurasian populations. R30 is the only
individual in the time-series with a haplotype from this group, specifically subgroup L4, which is rare
globally (<0.5%, 12/2504) and found almost exclusively in African populations based on populations in
the 1000 Genomes Project (68). However, even in the African populations studied, L4 low frequencies
even in African populations studied (2.4%, 12/497). Nevertheless, Prowse et. al. showed that 1 out of 10
individuals at Vagnari in southern Italy had an L haplogroup (635).

Medieval and Early Modern (700 CE - 1800 CE; n=28)

In contrast to the increasing frequency of the H haplogroup in preceding time periods, only 2 Medieval
and Early Modern individuals (~8%) in the Roman time series have the H haplogroup. Haplogroups HV
(n=4, 17%), T (n=3) and U (n=3) are the most frequently observed; followed by H and J (two individuals
each); and I, K, N all with one individual each.

With the exception of haplogroup N, all others are fairly common in present-day European populations.
Haplogroup N is present at highest frequencies in Asian groups, compared to other populations in the
1000 Genomes Project (68). Of note, one Neolithic and one Copper Age individual have N haplogroups,
along with individual R59 from the Medieval period.

Inference of Y-chromosome haplogroups

We determined the haplogroup assignment of each male individual by examining his genotype at known
SNPs informative of Y-chromosome haplogroups (Table S2; Fig. S5). The list of informative SNPs on the
Y chromosome was downloaded from the International Society of Genetic Genealogy website
(https://isogg.org/tree/; Version 14.62, April 2019). We pruned out SNPs that are on the same position but
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characterized with inconsistent alleles by keeping only one record with the ancestral or derived allele
matching with the GRCh37/hg19 reference sequence. We called genotypes of our samples at Y-linked
SNP positions in 1000 Genomes (phase 3) (50) using reads with mapping quality scores >30 and bases
with quality scores >30. We then identified the Y-haplogroup for each sample by using yhaplo software

(https://github.com/23andMe/yhaplo) (69) with the updated list of informative SNPs from ISOGG.

Because the subgroup labels (e.g., R1blala2ala2) updates constantly and cannot be compared across
studies, we reported the haplogroups with the representative derived alleles (e.g., R-M269) in Table S2
and Fig. S5.

In Table S5, we summarized the Y-chromosome haplogroup information of each individual in Mesolithic
to Iron Ages as well as additional ancient individuals who belong to the same haplogroup. Below is a
brief discussion of the Y-chromosome haplogroup results in light of contextual information of other
ancient populations in Europe and the Near East.

Mesolithic (10,000-6,000 BCE; n=3)

All three Mesolithic individuals are assigned to the [-M436 (I2a2) haplogroup, with two of them further
classified into the [-M223 (I2a2a) subclade. The I haplogroup has been found in western hunter-gatherer
(WHG) populations from many parts in Europe, including individuals from the Grotte du Bichon in
Switzerland (11,820-11,610 calBCE), France (11,140-10,880 calBCE), and Germany (7,460-7,040
calBCE)(/5, 70). In particular, several Mesolithic hunter-gatherers from the Iron Gates between Serbia
and Romania (dated to as old as 8,000 BCE) belonged to the specific [-M223 (I12a2a) haplogroup (/4).
Therefore, the 1-M436 haplogroup appears typical and widespread in Europe before the Neolithic
transition, which is consistent with the similarity of the three Mesolithic Italian individuals to other
WHGs based on autosomal SNPs.

Neolithic (6,000-3,500 BCE; n=4)

The four males in Neolithic period carry three distinct haplogroups: G2a, J and R1b. Haplogroup G2a was
a dominant lineage in Neolithic northwestern Anatolia farmers (6,500-6,000 BCE), making up 8 out of 13
characterized Y-chromosomes, and at least three individuals belonged to the specific clade of G-1L91
(G2a2ala2)(/3). This haplogroup is also found in a late Neolithic individual from northern Greece (/7).
Interestingly, the G2a2ala2 haplogroup was also the one carried by the Tyrolean iceman Otzi (3,484-
3,104 calBCE) (71), illustrating its prevalence in Italy in the Neolithic age.

The J haplogroup, specifically J2a, is also found in one of the 13 Anatolian male farmers characterized in
(13). Therefore, the appearance of these G2a and J2a haplogroups in Neolithic central Italy can be
explained by the previously known large-scale migration of farmers from the Near East into Europe and
the striking ancestry transition in our dataset (Fig. 2). Furthermore, the predominance of G2a and
presence of J also hold true for early farmer populations in the Balkans (/4). This echoes our finding
from qpAdm modeling that the Mesolithic-to-Neolithic genetic transition in central Italy can be modeled
as addition of Neolithic ancestry from the Balkans (northern Greece, Croatia, Macedonia, Serbia; Table
S8).

The R-M343 (R1Db) is the most common haplogroup in modern western Europe. Although the high
frequency of R-M343 is thought to largely reflect the migration of pastoralists from the Pontic-Caspian
steppe into Europe during the late Neolithic and Bronze Ages, subtypes of R-M343 without the M269
derived allele were already present at low frequency in Europe before that time, for example, in a
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Mesolithic individual found Villabruna in northern Italy (c. 12,000 calBCE) (15), some Mesolithic
hunter-gatherers from the Iron Gates between Serbia and Romania (/4), an early Neolithic individual in
Spain (c. 5,000 calBCE) (/0) and several early Neolithic individuals from Ukraine (/4). Therefore, the
presence of the R-M343 haplogroup in early farmers in central Italy is not surprising and could reflect
persisting lineages that were present in local hunter-gatherers. Interestingly, R6, the person that carries R-
M343, is also the one with the highest amount of WHG ancestry among all Neolithic and Copper Age
individuals based on autosomal SNPs (Fig. 2; Fig. S24). Therefore, the R-M343 (R1b) haplogroup
observed in R6 is compatible with a model in which Neolithic farmers in central Italy result from
admixture between local hunter-gatherers and incoming Near Eastern farmers, without involving any
Steppe ancestry.

Copper Age (3,500-2,300 BCE; n=2)

In addition to the G2a haplogroup that has already been seen in Neolithic individuals, we also observe a
new haplogroup H in Copper Age individuals. Individual R1014 carries five derived alleles (M2936,
M2942, M2945, M2955, M2992, M3035) characteristic of the H-haplogroup as well as 35 ancestral
alleles that are incompatible with the H3 subgroup, 50 incompatible with with H1b1 and 13 incompatible
with H1b2. Therefore, R1014 most likely belongs to an ancestral H haplogroup or the H2 (H-P96) branch,
the latter of which is present at low levels in modern-day West Asia and Sardinia as well as in early
farmers in Neolithic Anatolia (c. 6,500-6,200 BCE) (/3) and Copper Age Bulgaria (3,336-3,028 BCE)
(14). 1t is possible that H haplogroup (most likely H2) was already present in Neolithic central Italy,
although we were not able to capture it in our limited Neolithic samples of only four males; under this
scenario, the observed H haplogroup can be explained by the migration of Near Eastern farmers during
Neolithic transition. Alternatively, it could be introduced into Italy after the Neolithic transition by later
genetic exchanges with the Balkans or the Near East between 6,000 BCE and 3,500 BCE.

Iron Age (900-27 BCE; n=7)

The Iron Age witnessed a striking shift in the distribution of Y-chromosome haplogroups compared to
previous periods, indicative of large-scale immigration before the Iron Age (our dataset did not contain
any Bronze Age individual from central Italy). Five of the seven male individuals in this time period
belong to the R-M269 (R1bla2) group, which is not observed the nine earlier male samples. Unlike the
general R-M343 (R1b) haplogroup, the R-M269 subgroup is thought to be tightly associated with Steppe-
related ancestry, as it was absent in ancient individuals in western Europe before 3,000 BCE but found in
all Bronze Age Yamnaya males from Russia (c. 3,500-3,000 BCE) (/0), >90% males associated with the
Beaker-complex in Bronze Age Britain (c. 2,700-2,500) (72) and nearly 100% males in Iberia after 2,000
BCE (18). Therefore, the appearance of R-M269 at high frequency (5 out of 7) in central Italy is
consistent with the arrival of Steppe ancestry detected based on autosomal SNPs (Fig. 2), via migration of
Steppe pastoralists or intermediary populations in the preceding Bronze Age.

The other two Iron Age males, R474 and R850, belong to J-M12 (J2b) and T-L208 (T1ala) haplogroups
respectively. As discussed above, the J haplogroup and its J2a subclade have already been present in early
farmers in Italy, the Balkans, and Anatolia (/3, /4). In addition, a Bronze Age individual from Croatia
(1631-1521 calBCE) belonged to the J2b2a haplogroup (/4) and carried exactly the M314 derived allele
that is also found in R474. Therefore,the observed J-M12 (J2b) could be a surviving lineage from local
Neolithic populations or due to recent migrations from the Balkans or the Near East. The T1a haplogroup,
although absent in our samples prior to Iron Age, has previously been found in early farmers in Bulgaria
(5,800-5,400 calBCE) (/4) and Germany (5,500-4,850 BCE)(/3), so it is possible that it was also present
in early farmers in central Italy.
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Imperial Period and afterwards (27 BCE - early modern; n=59)

The Y-chromosome haplogroups present in Rome and surrounding regions become highly diverse since

the Imperial period, preserving all the aforementioned groups while showing introduction of R1a, J1 and
E1b haplogroups in the Imperial period, I1 haplogroup in Late Antiquity and C haplogroup in Medieval

and early modern period.

Among those haplogroups that are first seen in the Imperial period, a case of particular interest is E-V12
(Elblblalal). This haplogroup is present at high frequency across present-day North Africa, especially
in Egypt (up to 74.5%), but at low frequency in the Levant, Anatolia, and Mediterranean Europe (73).
Therefore, E-V12 is thought to have originated in somewhere in North Africa and spread to southern
Europe via trans-Mediterranean migrations (73). For the two individuals (R113 in Imperial and V59 in
Medieval) who belong to E-V12 haplogroup, we did not detect significant evidence of African
introgression on autosomes based on f-statistics or supervised ADMIXTURE (see the “African
Introgression” section below; Fig. S23). One explanation is that these tests are underpowered to detect
North African ancestries, which are themselves admixtures of multipl(74) and under-represented in
current ancient DNA datasets. A non-mutually exclusive explanation is that the Y-chromosomes came
from remote African ancestors on the paternal lineage, whose genetic contributions have been much
diluted on autosomes.

An intriguing haplogroup observed in Late Antiquity is [-M253 (I1), which is quite common in present-
day northern Europe (at 25-40% frequency in Scandinavia)(75—77), relatively rare in mainland Italy
(~4%) and completely absent in Sardinia (78). It is estimated that the I-M253 haplogroup arose 3,200-
5,000 years ago in northern Europe (79), so the presence of this haplogroup in Imperial Rome could
possibly reflect migration from the north into central Italy. R110, the individual who carries the [-M253
comes from Crypta Balbi, a site that used to be a theater courtyard in the Imperial era and transformed for
other purposes in Late Antiquity. Interestingly, Lombard-associated ornaments have been excavated at
this site, pointing to connections with central Europe. Additionally, five of the seven individuals from this
site, including R110, are classified by ChromoPainter into a cluster with more haplotype sharing with
central/northern Europeans. Therefore, the [-M253 haplotype observed in Late Antiquity is consistent
with the increasing genetic influence from central European populations detected by other analyses (e.g.,
PCA, f-statistics, gpAdm).

Lastly, the C haplogroup appears for the first time in our time series in the Medieval period, in individual
R1285, who belongs to the C-V222 (Cla2al) subclade. The late appearance of this haplogroup is a little
surprising, as the C lineage is thought to be extremely old and widespread worldwise, and the Cla2
haplogroup has been observed in multiple Neolithic individuals from Turkey (6,500-6,200 calBCE) (73,
80), Spain (5,983-5,747 calBCE) (/3), Croatia (5,986-5,786 calBCE), Austria (5,500-4,775 BCE),
Hungary (5,500-4,775 BCE) (/4) and even in Paleolithic individuals from Belgium (33,210-32480
calBCE) and Czech (28,760-27,360 BCE) (15). Therefore, it is more than likely that the C haplogroup
was present in Italy before Medieval era but at relatively low frequency, so it was not represented in
earlier samples in our study.

Calculation of conditional heterozygosity

In order to avoid calculating heterozygosity based on variants that are misclassified as heterozygous due
to sequencing, genotype calling or imputation errors, we calculated heterozygosity using variants that are
already known to be segregating in human populations. Specifically, we focused on 286,138 variable sites
that are heterozygous in a San Khomani individual, SA50, in the Globetrotter dataset (53). For each
individual, we used a read-based method (74, 87) to estimate the conditional heterozygosity by (1)
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computing the probability of observing two different alleles, if only two reads are sampled at random at
each site; (2) averaging the probabilities across all sites covered by at least two reads; and (3) doubling
the averaged probability. Fig. S6 shows the conditional heterozygosity for the study samples.

Kinship analysis and runs of homozygosity

To detect close relatives in our newly collected Italian samples, we applied PLINK (82) and KING (83) to
the imputed genotypes to calculate kinship coefficient. Starting with 12,057,197 autosomal SNPs with
global MAFs above 0.01 in 1000 Genomes Project (50), we performed linkage disequilibrium (LD)
pruning with PLINK v1.9 using “--indep-pairwise 200 25 0.4” and reached a set of 1,490,052 SNPs in
which any pair within 200kb are in approximate linkage equilibrium with 72<=0.4 (www.cog-
genomics.org/plink/1.9/)(82).

Pairwise kinship coefficients estimated by “--kinship” in KING 2.1.2 (83) revealed no close relatives
among the 134 ancient Italian individuals (including 127 from central Italian peninsula and 7 from
Sardinia). All pairs have kinship coefficients below 0.035, except for R53 and R54, who have an
estimated kinship coefficient of 0.0639 corresponding to third-degree relationships (e.g., great-
grandparents, first cousins). Both of these two individuals were found in Villa Magna, dated to late
Medieval (1280-1430 CE) and inferred to be male. However, they carried distinct mitochondrial (R53:
U2elcl and R54: H4al) and Y-chromosome haplotypes (R53: E-V257 and R54: J-Z1296). Given the
remote relatedness, if any, in our samples, we kept all 127 individuals in downstream analyses.

To detect recent inbreeding, we called runs of homozygosity in each ancient Italian individual using a
read-based approach, which consists of the following steps:

1. Focusing on a set of 286,138 SNP sites that are heterozygous in a San Khomani individual, SA50,
in the Globetrotter dataset (53), same as the sites used for calculating conditional heterozygosity;

2. For sites that are covered by at least two reads, computing the probability of seeing two different
alleles when exactly two reads are sampled at random (using the method described in (/4) for
calculating conditional heterozygosity);

3. For each 2Mb sliding window at a step size of 200kb (for example, chr1:1-2,000,000,
chr1:200,001-2,2000,000, chr1:400,001-2,400,000 and so on), if at least 40 sites are covered by
two or more reads, calculating the average probability resulted from (2) across all sites in the
window (elsewise, the window is not classified due to too much missing data);

4. Calling a window “homozygous” if the average probability of seeing two different alleles is
below 0.02;

5. Joining consecutive “homozygous” windows to call ROH tracts;

6. Summing the lengths of ROH tracts of 5SMb or longer.

Nineteen individuals carry at least one ROH segment of 5Mb or longer (Table S6), with only six (R7,
R1015, R473, R474, R15, and R11) having more than 30Mb ROH segments in total length. R7, R15, and
R11 are the three Mesolithic individuals, who also have low conditional heterozygosity levels (Fig. S6).
R15 and R11 only carry 6-7 ROH tracts of intermediate length (<8Mb), which is more consistent with a
small historical effective population size (Ne) than very recent inbreeding. However, R7 carries many
more (26) ROH tracts of at least SMb than his contemporaries, with the longest tract as long as 24.8Mb
(Fig. S7TA). Such long ROH segment suggests recent inbreeding in the past few generations, so the
extremely low conditional heterozygosity of R7 (Fig. S6) likely arose from consanguinity on top of small
historical population sizes for hunter-gatherer populations (12, 14, 81).

The other three individuals with relatively long ROH (R1015, R473 and R474) are all in the Iron Age.
Evidence for consanguinity is particularly strong for R1015 and R473, who carry ROH segments as long
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as 30-40Mb (see Fig. S7TBC for examples), which can only arise from union of close relatives. The exact
relationships of their parents are uncertain, given the randomness in segregation and recombination, but
we are able to make rough inference based on the total ROH length. R1015 carries 157Mb of ROH above
5Mb, which is more than 5% of the genome and compatible with being the offspring of third-degree
relatives (e.g., first cousins). R473 has 85.2Mb of ROH tracts of SMb or longer, which is compatible with
the parents being fourth-degree relatives (e.g., first cousins once-removed).

ADMIXTURE analysis

Unsupervised ADMIXTURE model evaluation. We used ADMIXTURE to interpret the study data as a
mixture of ancient source populations (8). All modern and ancient Eurasian individuals were included in
the ADMIXTURE runs. During initial runs of ADMIXTURE we noticed that clusters were often
dominated by modern-day populations with large sample sizes. To avoid bias towards modern-day
populations, we downsampled modern populations to 20 individuals. To determine the appropriate
populations and number of populations to use as “sources” for supervised admixture, we performed
unsupervised admixture for k = 2 through 9, with 5-fold cross validation, and 3 repetitions of each k (with
different random seeds). Runs for k = 4 through 7 had the lowest CV error across repetitions (Fig. S8).

Candidate source populations using unsupervised ADMIXTURE. Next, we considered which
populations at each k that maximized the proportion for each of the k clusters (Fig. S9). To be considered
as an interpretable source population for supervised ADMIXTURE, a population should be ancient (pre-
historic period) and consist of more than one individual and individuals of reasonable quality (less than
~75% missingness). Candidate populations are shown for k = 2 through k = 8. In many cases, no single
population clearly had the maximum proportion (close to 1) for a given cluster (Fig. S9).

In general, we observe that clusters at each k are broadly defined as follows:
AtK =2:

1. Western Hunter-Gatherers

2. Moroccan Hunter-Gatherer / Early Neolithic
AtK=3

1. Western Hunter-Gatherers

2. Caucasus Hunter-Gatherers/Iran Neolithic

3. Balkans/Anatolian Neolithic
AtK=4

1. Western Hunter-Gatherers

2. Caucasus Hunter-Gatherers/Iran Neolithic

3. Balkans/Anatolian Neolithic

4. Moroccan Hunter-Gatherer/Early Neolithic
AtK=5

1. Western Hunter-Gatherers

2. Eastern Hunter-Gatherer/Steppe Eneolithic

3. Iran Neolithic

4. Anatolian Neolithic

5. Moroccan Hunter-Gatherer/Early Neolithic
AtK=6

1. Western Hunter-Gatherers

2. Eastern Hunter-Gatherer/Steppe Eneolithic

3. [Iran Neolithic

4. Malak Presalevets/Iberian Neolithic
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5. Greek Neolithic/central Anatolian Neolithic
6. Moroccan Hunter-Gatherer/Early Neolithic

At K = 6 and onward, modern populations (not shown in Fig. S9) tend to maximize proportions for
clusters, possibly reflecting recent admixture. Top candidate source populations and cluster proportions
for both k =4 and k = 5 are consistent with known transitions at the start of the Neolithic and Bronze Age
periods for published data. The Caucasus Hunter-Gatherers (CHG) component at k = 4 appears to split
into Steppe-like and Iranian Neolithic-like components at k = 5, a valuable ancestry distinction, which led
us to choose k =5 as a robust and interpretable k for supervised ADMIXTURE.

The first five populations shown below were chosen as source populations at k = 5 since they clearly
maximized the five cluster proportions and have been used previously as source populations in an ancient
eurasian context. Eastern Hunter-Gatherers were considered as a population with Steppe Eneolithic when
for supervised ADMIXTURE results that included populations with pre-Bronze Age Steppe ancestry.

e Western Hunter-Gatherers / WHG (n =9; 14,776-5,220 BCE): Loschbour_published.DG,
Falkenstein, Falkenstein published d, Iboussieres25-1, Iboussieres31-2, Rochedane,
BerryAuBac, LaBranal published.SG, KO1 published.SG, 12158 published (Sicily Oriente)

e Anatolian Neolithic / Anatolia N (n = 24; 6,500-5,845 BCE): Bar31.SG, Bar8.SG, 11100,
11102, 11099, 11103, 11101, 11097, 10744, 11096, 11098, 10708, 10745, 10746, 10707, 10709,
10736, 10726, 10723, 10724, 10727, 11580, 11581, 11583

e Moroccan Hunter-Gatherers / Moroccan_Iberomaurusian (n =4; 13,127-11,900 BCE):
TAF010, TAFO11, TAF013, TAF014

e Iran Neolithic / Iran_N (n=9; 8,241 - 7,082 BCE): AH1.SG, AH2.SG, AH4.SG, WCI.SG,
11290, 11944 published, 11945 published, 11949 published, 11951 published

e Steppe Eneolithic / Steppe_Eneolithic (n = 3; 5,300-4,300 BCE): 10434, 10433, 10122

e Eastern Hunter-Gatherers / EHG (n = 2; 6,773-5,541 BCE): 10124, 10211

Moroccan Hunter-Gatherers (Moroccan Iberomaurusian) were used instead of the Early Neolithic
(Moroccan_EN) population due to ~90% missingness in the individuals of the latter population. Steppe
Eneolithic was chosen over EHG for the Steppe-like component since it is closer in temporal proximity,
but still prior to the estimated entrance of Steppe ancestry into mainland Europe, with respect to
understanding the ancient Italian time series reported here. Steppe Early Middle Bronze Age

(Steppe EMBA) could also be a valid choice for the Steppe component. Where samples and populations
other than the ancient Italian study samples are presented, both EHG and Steppe_Eneolithic are used as a
single source population. Various combinations of these alternatives, including using a sub-Saharan
population (Yoruba) as the African source population, were explored, although none proved to be more
informative than the chosen source populations for understanding the ancient Italian time-series.

Supervised ADMIXTURE model robustness. For the supervised ADMIXTURE analysis presented at k
=5 (Western Hunter-Gatherer, Anatolia Neolithic, Iran Neolithic, Steppe Eneolithic, Moroccan Hunter-
Gatherer), 20 repetitions were performed (with different random seeds) and the repetition with the
maximized log-likelihood was chosen. To assess consistency of assigned ADMIXTURE proportions
genome-wide we compared the proportions for ADMIXTURE on the full genome, odd chromosomes,
and even chromosomes. In general, for a given repetition (random seed), full genome, odd chromosome,
and even chromosome ADMIXTURE runs were highly correlated. For the best repetition, odd and even
chromosome proportions had a correlation of > 0.93 for the study samples and > 0.98 for all samples,
except for the Moroccan Hunter-Gatherer source cluster proportions which were due to the small amount
of this ancestry present in the population.

15



Constructing an ADMIXTURE time series for other regions using published data. Time series are
shown for several geographical regions, with samples binned by the time periods in section
“Determination of dates for time periods and study individuals”. These are shown for unsupervised
ADMIXTURE at k=5 and k = 6, as well as supervised ADMIXTURE at k = 5. For the latter, EHG and
Steppe Eneolithic are considered as a single source population since several populations (e.g. in northern
Europe and the Steppe) could have Steppe-like ancestry from prior to the Eneolithic period (Fig. S12).

Principal components analysis (PCA)

Setting up the principal component analysis. Principal component analysis (PCA) was performed by
projecting ancient study samples onto a PC space constructed based on modern-day individuals. Using
smartpca (v16000)(84, 85) and the poplistname option, 574 individuals from 47 present-day populations,
with 480,712 snps, previously reported were labeled to create the PC space (/4). These specific
individuals and populations were used in order to recreate the PC space reported previously in several
other ancient DNA papers (67). All other samples, both modern and ancient, were projected onto this
space (Fig. S14). Given the amount of missingness in the genotypes of ancient samples, the Isqproject
option was set to “YES”. In addition to using the pseudohaploid study genotypes in PCA, we also
performed this procedure for the imputed study genotypes as a quality assessment for the imputation
(discussed in the imputation validation section).

Visual representation of PCA. The same principal component analysis was used in all genotype-based
PCAs in main and supplement figures (Figs. 2, 3, S14, S15, S17-20). Generally, the PC space shown in
full in Figure S14 is cropped to be centered on the study samples from central Italy. Furthermore, modern
day populations used to create the PC space are not necessarily those that are labeled (other than in Fig.
S14). Select modern and (sometimes ancient) populations are labeled for simplicity and relevance.
Furthermore, to reduce visual clutter, populations (other than the ancient Italian samples) are represented
either as the 2 standard deviations along each PC (a cross) or a polygon encompassing member
individuals. A version of the PCA plot in Fig. 2 of the main text is shown with all ancient Italian samples
labeled (Fig. S15).

Variation in principal components and admixture proportions for study individuals in the same
time period. To illustrate the spread of samples across the PC space for each time period, we plotted the
standard deviation for the first two principal components for the population at each time period (Fig.
S16). The first PC roughly mirrors variation along the north to south cline of Eurasia, while the second
PC roughly mirrors variation along the east to west cline. The standard deviations of these components in
each time period can be thought of as how diverse the population was in this dimension of genetic
variation. Populations in the top right corner of the plot, with high SD(PC1) and high SD(PC2), are the
most spread out in the PC space, while ones in the bottom left form tighter clusters. Exact locations of
Late Antiquity and Imperial Rome samples are dependent on whether outliers are included in the
calculation of standard deviation. Regardless, both periods have the highest standard deviations of PC1
and PC2 compared to any other time period.

The standard deviations of ADMIXTURE proportions follow similar trends over time as the standard
deviations in PC1 and PC2, although ADMIXTURE proportions are not clearly correlated with either of
the first two PCs. The lowest amount of variation across all components (sum of standard deviations) is
seen in Mesolithic population, followed by the Copper Age, and then Neolithic. The remaining historic
periods (Iron Age onward) have higher overall variation, with the peak being around Late Antiquity.
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Across the historic periods the most variation is seen in the Iranian Neolithic component, followed by the
Steppe Eneolithic component.

Test for significant principal component variation by archaeological sites. To assess whether
variation in the first two principal components could be explained by variation among the archaeological
sites, we performed a two-way ANOVA (Analysis of Variance) test of the form C; + C, ~ Period +
Site, where Crepresents principal component. Since most sites have individuals from a single period*,
time period (Period) was also considered as an independent variable on the right-hand side. The order of
variables in the regression (i.e., period followed by site) insures that variance in C;and C,is first
attributed to time period and then to site. The results of this test show that Period is significant with a p-
value <2 x 10716, while Site is not significant (p-value > 0.10). This test indicates that, conditional on
the time period, archaeological site does not explain additional variation observed in the first two
principal components.

*The only two sites with individuals from more than one time period are Marcelino & Pietro (Imperial
Rome and Late Antiquity) and Grotta Continenza (Mesolithic, Neolithic, Copper Age).

Diversity of Roman population peaks in Imperial Rome and Late Antiquity in the first two
principal components. The average ancestry of Rome went through a series of shifts in different time
periods, due to gene flow from a variety of sources. In principle, such ancestry shifts could occur through
short pulses of immigration but with the population being well-mixed at most times.

But instead our results emphasize Rome as a highly cosmopolitan population. Within all time periods
from the Iron Age onward, our samples include diverse ancestries: especially from the eastern
Mediterranean, Europe, and occasionally north Africa, reflecting Rome’s extensive trade networks as well
as forced movement of people across Europe and the Mediterranean. The extent of variation in ancestry
peaks in the Imperial period and Late Antiquity, and declines again toward the present (Fig. 4C; Fig.
S16). This indicates high rates of immigration from elsewhere in the empire, and potentially persistent
population structure within Rome (as may be the case in Imperial Isola Sacra, where isotope analysis
suggests that the individuals of different ancestry may have grown up locally).

Ancient Italian individuals reported in this study and contemporary ancient populations in PCA.
To visually depict contemporary ancient populations, we show them omitting modern day populations,
including those that form the reference PC space upon which all ancient samples are projected. Due to the
high missingness and varying genotyping approaches used in published ancient samples, performing a
principal component analysis with only ancient samples would be biased towards technical artifacts, such
as genotyping differences and sample quality. Shown here are prehistoric (Mesolithic through Copper
Age) study samples and historic (Iron Age onward) study samples projected with their prehistoric and
historic contemporaries, respectively (Figs. S17 and S18). To maximize visual distinction, not all
published ancient individuals were plotted. Those we found were relevant to our analyses (used in qpAdm
modeling or ADMIXTURE analysis) and from geographically relevant regions (e.g. around the
Mediterranean) were included.

Continuity of populations in PC space before and after the Imperial era. In some analyses in the
paper (e.g. PCA, gpAdm), where high quality ancient samples are unavailable or uninterpretable, we refer
to the reported ancient Italian study individuals as being “similar to” or “modeled in terms of” modern-
day populations. Comparing ancient individuals to modern day populations in this way raises two
questions:
1. Are these modern day populations representative or even remotely similar to their ancient
predecessors we attempt to approximate?
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2. When we observe genetic similarities between the Imperial Roman population (in the city of
Rome) and modern day populations, how do we know we this similarity is not due to the genetic
influence of ancient Romans or the predecessors of these modern populations.

To investigate this question with the principal component space, we looked at the pre- and post- Imperial-
era populations for several regions relevant to this study. We chose to look at Bronze Age populations for
the pre-Imperial representation since 1) they post-date the major transitions (Neolithic and Steppe) in
Eurasia and 2) there are very few samples available between Bronze Age and Imperial Rome (~900 BCE
to 27 BCE). To represent the post-Imperial population, we use present-day populations, with the
exception of Germany where we used Medieval German samples since there is no appropriate data for
present day.

Indeed, for several regions we do observe discontinuity between pre-Imperial and post-Imperial
(generally modern-day) (Fig. S19). However, the shift is not generally in the direction of the Roman era
population nor are the shifts large (beyond other populations of the same subcontinental region). Given
this, we expect that comparison of ancient Roman samples to modern populations (when ancient ones are
not available) can be a reasonable proxy for their recent (last ~3000 years) ancestors.

Consistency of imputed and pseudohaploid genotypes in ADMIXTURE and
PCA

Supervised ADMIXTURE for imputed genotypes. To check the integrity of the imputed genotypes for
the reported samples, we compared ADMIXTURE and Principal Component Analysis (PCA) between
pseudohaploid and imputed genotypes. The same ADMIXTURE procedure described above (see
ADMIXTURE section) was performed on imputed genotypes of the reported samples. As with the
pseudohaploid analysis, 675 eurasian ancient and modern samples were included with 480,712 snps. This
was run on the full imputed genome, as well as only the odd chromosomes and even chromosomes (for all
samples included in the analysis), for 20 repetitions (with varying random seeds). The repetition with the
highest log likelihood was chosen to represent the imputed ADMIXTURE analysis. Overally,
ADMIXTURE proportions were highly correlated and qualitatively the same (a) between pseudohaploid
and imputed runs and (b) across odd and even chromosomes and the full genome (Fig. S21). Between the
pseudohaploid and imputed full genome runs for the ancient Italian samples, correlations were >0.99
within source populations and when samples are subsetted by time periods.

Principal component analysis for imputed genotypes, compared to pseudo-haploid genotypes. PCA
was also performed as described previously (see PCA section) by projecting the imputed genotypes onto
the same PC space that the pseudo-haploid genotypes were projected onto. A small shift along PC1 and
PC2 from imputed to pseudo-haploid samples is noted (Fig. S22). However, this shift does not negate any
inferences made about the genetic affinities of samples to other populations or samples as the relative
positions of the imputed samples to each other and to the reference space remains the same.

Calculation of f-statistics

We measured shared drift between two groups (or individuals) using the outgroup f3 statistic (9), which
measures the length of shared branch between a pair of groups (i.e., shared genetic drift) from outgroup
on the phylogenetic tree.

We used the admixture f3 statistic and the f statistic to detect evidence of gene flow between populations
(9). In brief, the admixture f; statistic tests for “treeness” of the phylogenetic tree, and rejection of the null
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model suggests presence of “loop structure” in the tree that represents genetic flow between the tested
populations. The f« statistic of the form f«(groupl, group2; test, outgroup) detects admixture by examining
the symmetry between groupl and group2 with regard to the test population in terms of genetic distance,
and significant asymmetry suggests genetic exchange between the test population and the closer group
(groupl if the f« statistic is positive, and group 2 if negative), despite uncertainty in the direction of gene
flow.

Since the f« statistic is often used as a test for symmetry, technical differences (methods, coverage, and
quality) in assaying genotypes of groupl and group2 may lead to bias or even artificial signals in the
results. For this consideration, we primarily used the f# statistic to contrast two groups within our study,
using it to detect ancestry shifts between time periods, or between groups from different archaeological
contexts (such as Etruscan vs. Latin).

We computed the f-statistics based on pseudo-haploid genotypes of our samples, using qp3Pop (with
“inbreed: YES” unless otherwise specified) and gpDstat (with “f4mode: YES”) in the ADMIXTOOLS
package (https://github.com/DReichLab/AdmixTools) (9). We excluded SNPs at CpG sites to reduce
errors in variant calling due to post-mortem damage of methylated cytosines (which cannot be removed
by UDG treatment and would appear as T alleles in sequencing).

African Introgression

One particular usage of the f-statistics in our study is to test for African introgression for each of the
Italian samples with f3(Test sample; CEU, Yoruba) and f« Test sample, CEU; Yoruba, Onge). The f3
statistic tests whether across the genome, the allele frequency of the test sample is intermediate between
those of Finnish and Yoruba, which is unexpected if the test sample, presumably of primarily European
ancestry, forms a clade with Finnish with regard to Yoruba in the phylogenetic tree at all genomic loci.
Therefore, a significantly negative f3 statistic provides evidence for African ancestry in the test sample.
(In this particular application, we used the imputed diploid genotype data without the “inbreed: YES”
option, because qp3Pop cannot calculate f3 when (1) the target is a single individual and (2) the “inbreed:
YES” option.) For the f statistic described above, under the assumption that chimpanzee is an outgroup, a
significant positive score suggests more allele sharing between the ancient Italian individual (test sample)
and Yoruba than between CEU and Yoruba, thus pointing to African introgression in the Italian
individual. This test alone does not exclude the possibility of gene flow in the reverse direction, i.e., from
the Italian sample to Yoruba, but this alternative scenario is unlikely given current knowledge about the
demographic history of Yoruba and does not produce a significant f3 statistic as formulated above. Taken
together, significant signals in both tests provide strong evidence for African introgression, which is
observed for 8 of the 127 Italian samples, including R475 from Iron Age, R80 and R132 from Imperial
period (Fig. S23). We obtained qualitatively similar results by substituting Yoruba by Mota (an ancient
African found in Ethiopia dated to ~2500 BCE) or Morocco_Iberomaurusian (hunter-gatherers from
Morocco dated to 13,000-10,000 BCE) for the African population, and Onge by Papuan for the outgroup.
We note that using Yoruba, Mota or Morocco hunter-gatherers as the representative African population is
conservative for detecting more recent North African ancestry. We are using conservative estimates, since
data is not available from relevant, contemporaneous (e.g. Iron Age and Imperial) populations, such as
Carthagians. For instance, gpAdm analysis using Late Neolithic individuals from Morocco models R475
as approximately 53% Late Neolithic Moroccan, 30% Italian Copper Age and 16% Steppe Eneolithic,
whereas the estimates below show Morocco Iberomaurusian and Yoruban to be around 8 - 10% ancestry
proportion for this individual.

The Afican introgression signal we observe in the time series may reflect increased seafaring in the
Mediterranean prior to Iron Age. Phoenician seafaring prowess had resulted in a network of colonies
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across North Africa, engaged in trans-Mediterranean trade. Carthage, which began as a Phoenician trade
colony in 1234 BCE, became the dominant naval state in the Mediterranean, with territory spanning
North African, Sardinia, Sicily, and Iberia (26). Egypt had been involved in trans-Mediterranean and
trans-Saharan trade networks for over a millennium by the start of the Iron Age. And trans-Saharan trade
routes, made easier by a greener, less arid Sahara than today, connected the states and communities of
North Africa and the Mediterranean with their Saharan and Sub-Saharan counterparts (86).

Admixture modeling with gpAdm

As an extension to the f statistic, gpAdm (10, 87) evaluates the goodness of a proposed admixture model
(with a small p-value indicating a poor fit) and estimates the admixture proportions in a regression
framework. This method relies on the rationale that if a target population can be modeled as a mixture of
several source populations, the f7 statistic of this target population with regard to any outgroup
populations can be expressed as a linear combination of the f« statistics of the source populations to the
same outgroup populations. More formally, gpAdm tests whether the matrix of f« statistics between a
specified set of “left” populations (the target and all proposed source populations) and a set of diverse
“right” populations (i.e., the outgroup populations) has a rank lower than the number of proposed source
populations and, if so, whether the estimated mixture proportions from regression are biologically
possible (i.e., between 0 to 1).

We carried out gpAdm analyses on pseudo-haploid genotypes (except for modern samples) using gpAdm
in the ADMIXTOOLS package (10, 87) with the option “allsnps: YES”. Similar to fs-statistics
calculation, we excluded SNPs at CpG sites to avoid genotyping errors. We consider models with p-
values>0.05, which indicates a small deviation of data from the model expectation, to be consistent with
the data. We caution that the p-values are not comparable across models, because different source
populations differ in sample size and coverage (i.e., the number of SNP sites covered by at least one
read), so there is differential power to evaluate the goodness of the model fit. In other words, a working
model with a greater p-value is not necessarily better or more likely than another working model with
p>0.05.

We performed admixture modeling of ancient Italians for each time period separately. For each time
period, we performed two or more rounds of admixture modeling. We first tested 1-way models with only
one source population, where the source is an ancient population earlier than or of the same age as the
target samples. We then tested two-way admixture models with the Italian samples in the preceding
period as one source and another ancient population as the other source. If any of the proposed source
populations were already in the pre-defined “right” (outgroup) set, we removed them from the “right” set
and used the remaining populations as the outgroup populations. This modeling strategy assumes
continuity in the genetic makeup of Italians since the Mesolithic Age and greatly reduces the search
space. Although other two-way models which do not involve the preceding local population may also
provide good fits, we consider them to be biologically unlikely and thus did not test those models.

As the gpAdm analysis results depend on the selection of the outgroup populations, we tested the
robustness of the admixture models by using two different sets of outgroup panels for each analysis (see
below for more details). Unless otherwise specified, we consider a model to be acceptable if it has p>0.05
with both the “right” sets. Although a very small p-value strongly indicates that a model is poorly fit and
should be rejected, the threshold for acceptance is somewhat arbitrary; we occasionally also consider
models with 0.01<p<0.05 to be marginally acceptable.

1 From the Mesolithic to the Iron Age
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We first defined a set of 13 “right” populations (ANC13) that are genetically diverse and most of which
predate our Italian samples. This ANC13 “right” set includes (with the sample size indicated by the
number in the parentheses): Anatolia_ N (25), CHG (2), EHG (4), EIMiron (1), Iran_Ganj_Dareh N (3),
Jordan PPNB (1), MA1 (1), Mbuti (10), Natufian (6), Ust Ishim (1), Vestonicel6 (1), WHG (6),
Russia_Yamnaya Samara (9).

To increase the power to differentiate between models, we expanded this “right” set to 17 ancient
populations (ANC17):

Anatolia N (25), CHG (2), EHG (4), EIMiron (1), GoyetQ116-1 (1), Iran_Ganj Dareh N (3),
Jordan PPNB (1), Kostenkil4 (1), MA1 (1), Morocco_Iberomaurusian (6), Mota (1), Natufian (6),
Ust_Ishim (1), Vestonicel6 (1), Italy Villabruna (1), WHG (6), Russia_Yamnaya Samara (9).

For each analysis, we fitted models with both ANC13 and ANC17 as the “right” set, and reported the
results under ANC17 for working models (generally p>0.05) under both “right” sets. Numbers in
parentheses following each population indicate the number of individuals included in the group and the
number of SNP sites with data available. Populations with fewer than 50,000 SNPs available for analysis
are not considered for gpAdm modeling, due to lack of power to reject the admixture models.

1.1 Mesolithic (10,000-6,000 BCE)

Potential source populations considered: CHG, China Tianyuan, EHG, EIMiron,

France Ranchot88 published, France Rigneyl published, GoyetQ116-1, Italy Continenza,

Italy Villabruna, KO1, Kostenkil4, LaBranal, Latvia HG, Lithuania_Mesolithic, MAL,
Morocco_Iberomaurusian, Mota, Natufian, Norway Mesolithic.SG, Norway N HG.SG,

NW_ Iberla Meso, Romania_Iron_Gates HG, SE Iberia_Meso, Serbia_Iron Gates HG,

Sicily OrienteC_HG published, Sweden Mesolithic.SG, Sweden_Motala HG, Switzerland Bichon.SG,
Ukraine Mesolithic, Ust Ishim, Vestonicel6, WHG, WHG

Although PCA and supervised ADMIXTURE indicate that Mesolithic hunter-gatherers in central Italy
can be modeled as 100% WHG, one-way models with the hunter-gatherer from Villabruna in north Italy
(dated to 12,230-11,830 calBCE) (/5) or western hunter-gathers (WHG) from Luxembourg (/2), France
or Germany (/5) as a group provide poor fits to the data (p<le-12). This suggests subtle but significant
genetic differentiation between hunter-gatherers in central Italy and other WHG groups.

Interestingly, based on one-way gpAdm modeling, our three hunter-gatherers form a clade with a
previously reported hunter-gatherer from Grotta de Continenza (dated to 8,920-8,750 calBCE) (70) and
with a hunter-gatherer from Grotta d’Orient in Sicily (dated to 14,776-9,873 BCE) (/4). The also project
closer to each other in PCA, indicating genetic similarity between hunter-gatherers from southern and
central Italy. However, both of these two samples have very low coverages (5,077 and 21,669 SNPs
respectively), which limits our power to detect genetic differentiation.

1.2 Neolithic (6,000-3,500 BCE)

Potential source populations considered: Anatolia_ N, Anatolia N_Boncuklu.SG,

Anatolia_ N_Kumtepe.SG, Anatolia N _Tepecik Ciftlik.SG, Austria LBK _EN,
Bulgaria_Dzhulyunitsa N, Bulgaria Krepost N, Bulgaria. MP_N, Bulgaria N, Bulgaria Varna ENI,
Bulgaria_Varna EN2, Bulgaria Varna EN3, CHG, China_Tianyuan, Croatia_Cardial N,
Croatia_Impressa_EN, Croatia_Sopot MN, Croatia_Starcevo EN, Croatia Starcevo LN, Czech N,
Denmark LN.SG, Denmark MN B.SG, EHG, ElMiron, England N, Estonia Comb_Ceramic N.SG,
Estonia EMN Narva, Estonia MN_CCC, France_ MN, France Ranchot88 published,

France Rigneyl published, Germany MN, GoyetQ116-1, Greece N, Greece Peloponnese N,
Greece Peloponnese N out, Hungary_ALPc_Tlszadob_MN Hungary LBK MN,

Hungary Lengyel LN, Hungary Starcevo EN, Iberia EN, Iberia MN, Iran_Ganj_Dareh N,
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Iran_Tepe Abdul Hosein N.SG, Iran Wezmeh N.SG, Ireland MN.SG, Israel PPNB, Italy Continenza,
Italy Iceman MN.SG, Italy Villabruna, Jordan PPNB, KO1, Kostenkil4, LaBranal, Latvia HG,
Latvia LN_CW, Latvia MN, Latvia MN_Comb_Ware.SG, Lithuania EMN_Narva,

Lithuania LBA.SG, Lithuania LN, Lithuania_Mesolithic, MA1, Macedonia N, Morocco EN,
Morocco_Iberomaurusian, Morocco LN, Mota, Natufian, NE_Iberla_MLN N_Iberia MLN,

Norway Mesolithic.SG, Norway N HG.SG, NW_Iberia Meso, NW_Iberia. MLN, Poland BKG.SG,
RMPR ME, Romania EN, Romania Iron Gates HG, Russia_Shamanka EN.SG, SE Iberia Meso,

SE Iberia MLN, Serbia_EN, Serbia Iron Gates HG, Serbia_N, Serbia_Starcevo EN,

Sicily OrienteC_HG published, Sweden LN.SG, Sweden_Mesolithic.SG, Sweden Motala HG,
Switzerland Bichon.SG, Ukraine_Mesolithic, Ust Ishim, Vestonicel6, WHG

We found two one-way models fit the data of Neolithic individuals: Serbia_Starcevo EN (p=0.19) and
Anatolia N Boncuklu (p=0.06), indicating relatively high genetic similarity between these populations
and Neolithic Age central Italians.

We also found several two-way admixture models that can explain the Mesolithic-to-Neolithic transition
in central Italy by adding to the local population 93-97% ancestry of Neolithic population from central
Anatolia (Boncuklu) (80), northern Greece (including three samples from Kleitos, Paliambela, Revenia)
(17), or the Balkans (Croatia, Macedonia, Serbia) (/4)(Table S7).

By contrast, Neolithic central Italians are poorly modeled (p<le-5) as a mixture between the local
Mesolithic population (RMPR_ME) and farmers from northwestern Anatolia (Anatolia_N), nor can they
be modeled as two-way admixture of WHG (from Luxembourg, France or Germany) and Anatolia N
(p<le-5), although the latter model fits well for early farmers from central Europe (p>0.09 in our gpAdm
analysis). The admixture modeling results, together with the excess Iran N component in Neolithic
Italians in supervised ADMIXTURE, support additional or alternative source populations with the spread
of agriculture into the Italian peninsula.

The significant nested p-values for the RMPR_ME component in the working two-way models suggest
that adding hunter-gatherer ancestry significantly improves the model fit. In other words, there is
significant evidence for persistence of hunter-gatherer ancestry in central Italy during the Neolithic
transition. In fact, the amount of WHG ancestry gradually increased with time among our Neolithic
samples (dated to 6,100-5,100 BCE): later individuals shifted towards WHG compared to earlier
individuals in both PCA and shown by f statistics in the form of f«(test sample, Chimp.REF; WHG,
Anatolia_N) (Fig. S24). Similar rebound of hunter-gatherer ancestry was previously reported in central
Europe, Iberia and the Balkans (10, 13,17, 19, 88).

1.3 Copper Age (3,500-2,300 BCE)

Potential source populations considered: Anatolia C, Anatolia N, Anatolia N Boncuklu.SG,

Anatolia N_Kumtepe.SG, Anatolia N Tepecik Ciftlik.SG, Armenia_C, Austria LBK EN, Bulgaria C,
Bulgaria_Dzhulyunitsa N, Bulgaria Krepost N, Bulgaria. MP N, Bulgaria N, Bulgaria Varna ENI,
Bulgaria Varna EN2, Bulgaria Varna EN3, CHG, China Tianyuan, C Iberia CA, C Iberia CA Afr
C Iberia CA_Stp, Croatia_Cardial N, Croatia Impressa EN, Croatia Sopot MN,

Croatia_Starcevo EN, Croatia_Starcevo LN, Czech N, Denmark LN.SG, Denmark MN_B.SG, EHG,
ElMiron, England CA_EBA, England N, Estonia_ Comb Ceramic_N.SG, Estonia EMN Narva,
France Bell Beaker C, France MN, France Ranchot88 published, France Rigneyl published,
Germany MN, GoyetQ116-1, Greece N, Greece Peloponnese N, Hungary ALPc Tiszadob MN,
Hungary Baden LCA, Hungary_LBK MN, Hungary Lengyel LN, Hungary Starcevo EN, Iberia C,
Iberia_EN, Iberia_ MN, Iran_Ganj Dareh N, Iran_Seh Gabi_C, Iran_Tepe Abdul Hosein N.SG,

Iran Wezmeh N.SG, Ireland MN.SG, Israel C, Isracl PPNB, Italy Continenza, Italy Iceman MN.SG,
Italy Villabruna, Jordan PPNB, KO1, Kostenkil4, LaBranal, Latvia HG, Latvia LN CW, Latvia MN,
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Latvia. MN Comb Ware.SG, Lithuania EMN Narva, Lithuania LBA.SG, Lithuania LN,
Lithuania_Mesolithic, MA1, Macedonia N, Morocco EN, Morocco Iberomaurusian, Morocco LN,
Mota, Natufian, NE_Iberla_CA NE Iberia. MLN, N _Iberia_CA, N_Iberia MLN,

Norway Mesolithic.SG, Norway N HG.SG, NW _Iberia CA Stp, NW_Iberia Meso, NW_Iberia MLN,
Poland BKG.SG, RMPR_ME, RMPR NE, Romania_C, Romania EN, Romania Iron Gates HG,
Russia_Shamanka EN.SG, Scotland CA_EBA, SE Iberia_ CA, SE Iberia_Meso, SE Iberia. MLN,
Serbia EN, Serbia_Iron_Gates HG, Serbia N, Serbia_Starcevo EN, Sicily OrienteC_HG published,
Steppe Eneolithic, Sweden LN.SG, Sweden Mesolithic.SG, Sweden Motala HG, SW_Iberia CA,
Switzerland Bichon.SG, Ukraine_Mesolithic, Ukraine Trypillia Eneolithic, Ust Ishim, Vestonicel6,
WHG

For Copper Age individuals in central Italy, the one-way model with Bulgaria Dzhulyunitsa N as the
single source provides marginally acceptable fit (Table S8). In addition, we found that the nine
Copper/Bronze Age individuals from Sardinia collected in this study form a clade with the three Copper
Age individuals from central Italy, at a borderline acceptance level (Table S8). This result, in conjunction
with the lack of significant results from f4 tests for any test population in the form of f (RMPR_CA,
RMPR CA_Sardinia; test, Onge), suggests that Copper Age individuals from central Italian Peninsula
and Sardinia are genetically highly similar.

Based on admixture f3 and f7 tests (Tables S9 and S10), there is significantly more WHG ancestry in the
Copper Age individuals compared to in the Neolithic Age. Consistent with this, we found numerous
working two-way admixture models that involve ~6-9% ancestry of a WHG group (or individual) and the
preceding local Italians in Neolithic Age. Alternatively, the Copper Age individuals can also be modeled
as an admixture of local Neolithic population with 30-80% ancestry of Neolithic groups from various
European regions, such as Ireland, Iberia, Germany, France, Poland, and Romania. To discriminate
between these models, we adopted a “model competition” approach that was first introduced in (87) and
also used in (22). Specifically, we added each of the potential source populations to the “right” set and
tested the fits of models with other proposed source populations. Because the actual source population
shares extra drift with the target population, moving it to the “right” set will lead to poor fits (e.g.,
p<0.05) for models with surrogate source populations (i.e., populations that are close to the actual source
populations). By performing this analysis, we found that admixture with any “pure” WHG populations
cannot explain the data, as the p-values drop below the acceptance threshold, when a group of
Middle/Late Neolithic individuals from north Iberia (N_Iberia MLN) are added to the “right” set. In
contrast, models with Neolithic and Copper Age populations from Iberia, Sardinia, and Ireland survive
the “model competition” (Table S11), suggesting that the rebound of WHG ancestry in Copper Age is
likely due to admixture with farmer populations with higher amounts of WHG ancestry rather than
directly with hunter-gatherer groups.

We did not detect any significant differences between the Copper Age individuals (n=3) from central Italy
and those from Sardinia (n=7) with f statistics in the form of fA(RMPR_CA, RMPR_CA_Sardinia; test
population, Onge).

1.4 Iron Age (900-27 BCE)

Potential source populations considered: Anatolia_ C, Anatolia EBA, Anatolia IA.SGI,
Anatolia_IA.SG2, Anatolia._ MLBA.SG, Armenia_C, Armenia_EBA, Armenia_LBA,
Armenia_LchashenMetsamor.SG, Armenia MBA, Bulgaria C, Bulgaria EBA, Bulgaria IA,

Bulgaria MLBA, C Iberia BA, C Iberia CA, C Iberia CA Afr, C Iberia CA_Stp, Croatia Early IA,
Croatia_ MBA, Croatia_Vucedol, Czech_Bell Beaker, Czech Corded Ware, Czech EBA,
Czech_Protounetice EBA, Czech_Starounetice EBA, Czech Unetice EBA, Denmark BA.SG,
Denmark LBA.SG, Egypt Late Period, Egypt New_Kingdom, E Iberia_IA, England Bell Beaker,
England Bell Beaker EBA, England CA EBA, England EMBA, England IA.SG, England LBA,
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England MBA, Estonia_Corded Ware.SG, France Bell Beaker C, Germany Bell Beaker,
Germany Corded Ware, Germany LBK EN, Germany Unetice EBA, Greece Crete Armenoi,
Greece Minoan Lassithi, Greece Minoan Odigitria, Greece_Mycenaean, Greenland Saqqaq.SG,
Hungary BA, Hungary Baden LCA, Hungary Bell Beaker EBA, Hungary LBA,

Hungary Prescythian IA.SG, Iberia_ BA.SG, Iberia_Bell Beaker, Iberia_C, Iran_IA.SG,

Iran_Seh Gabi C, Ireland BA.SG, Israel C, Israecl MLBA, Italy Bell Beaker,

Italy Remedello BA.SG, Jordan EBA, Latvia BA, Lebanon Canaanite MBA.SG, Lithuania BA,
Moldova_ Cimmerian.SG, Moldova_Scythian.SG, Montenegro LBA.SG, NE Iberia BA,

NE Iberia CA, NE Iberia_Greek, NE Iberia Hel, Netherlands BA, Netherlands Bell Beaker,
N_Iberia BA, N _Iberia CA, N_Iberia IA, NW_Iberia_ CA_Stp, Phoenician_IA, Poland Bell Beaker,
Poland EBA, Poland_Globular Amphora, Poland Unetice. EBA.SG, RMPR_CA, RMPR_CA_Sar,
Romania C, Russia_Afanasievo.SG, Russia Alan.SG, Russia_Aldy Bel IA, Russia Andronovo.SG,
Russia_Early Sarmatian IA, Russia IA.SG, Russia_Karasuk.SG, Russia_Late Sarmatian.SG,
Russia_Okunevo BA.SG, Russia_Poltavka, Russia Sarmatian.SG, Russia_Shamanka EBA.SG,
Russia_Sintashta MLBA, Russia_Srubnaya, Russia Srubnaya Alakul.SG, Russia Tagar.SG,
Russia_Yamnaya Kalmykia.SG, Russia_Yamnaya Samara, Russia_Zevakino Chilikta IA.SG,
Scotland_Bell Beaker, Scotland CA_EBA, Scotland LBA, Scotland MBA, SE Iberia BA,

SE Iberia CA, Sicily Bell Beaker, Steppe Eneolithic, Sweden BA.SG, Sweden IA.SG,
SW_Iberia BA, SW_Iberia BA_ Afr, SW_Iberia CA, SW_Iberia_IA, Switzerland Bell Beaker,
Turkmenistan IA.SG, Ukraine Scythian.SG, Ukraine Trypillia Eneolithic

The only well-fit one-way model is with an Iron Age individual from Croatia dated to 805-761 calBCE,
suggesting that this individual form a clade with Iron Age central Italians, with respect to all the
populations in the “right” set (ANC17). This result, together with those for Neolithic and Copper Age
individuals, points to tight connections between Italy and the Balkans from Neolithic to Iron Ages.

For the Copper Age to Iron Age transition in central Italy, admixture f3 and f# tests both point to ancestry
input that can be ultimately traced back to west Eurasian Steppe (Tables S13 and S14). This is also
supported by admixture modeling results with gpAdm: most potential source populations in working two-
way models are Bronze or Iron Age populations directly from the Pontic-Caspian Steppe, with one
exception being an Iron Age Pre-scythian individual (Scythian is a nomadic culture complex inhabiting in
vast areas of the west Eurasian Steppe and north to the Black sea) from Hungary.

In consideration of the inter-individual heterogeneity in this period in PCA and ADMIXTURE, we also
performed admixture modeling for each sample separately. Based on the gpAdm results for all Iron Age
samples collectively, we started by testing a two-way model with RMPR CA and

Russia_Yamnaya Samara as the source populations and found that it provides reasonable fits (p>0.05)

for eight of the 11 Iron Age individuals (Table S16) but can be rejected for R437, R850 and R475. We
therefore tested for these three individuals alternative one-way, two-way and three-way models, if none of
the simpler models fits.

Based on one-way gpAdm modeling, R437 forms a clade with an individual from Croatia dated to the
early Iron Age. In contrast, R850 forms a clade with an individual from Copper Age Anatolia. These two
individuals both came from Latin archacological context, together with four other samples, who can be
modeled as two-way mixtures of Copper Age central Italian and Steppe-related ancestries.

Two two-way models fit well for R437 and R850: RMPR_CA + Armenia LBA and RMPR CA +
Anatolia TA.SG. In both models, the incoming source population is temporally proximate to the Iron Age
Italian samples, and their geographic locations point to ancestry input from the Near East. Strikingly,
R437 and R850 both carry more ancestry from the incoming source than the preceding local population,
highlighting the substantial influence of this “eastern” influence on the genetic makeup of central Italians
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in Iron Age. Furthermore, the influence of this “eastern” ancestry is not limited to R437 and R850, as
R1016 and R1015 can also be modeled as RMPR_CA + Anatolia_IA.SG, and R1016 (but not R1015) as
RMPR CA + Armenia LBA

The location of R475 in PCA indicates that she (biological sex inferred based on sex chromosome and
autosome coverages) carries more Neolithic Anatolian or African ancestry than her contemporaries.
Further fz analysis reveals that R475 shares more alleles with Moroccan hunter-gathers and less alleles
with Anatolia farmers, compared to other Italian Iron Age individuals. We were not able to model R475
with any one-way models or as any two-way mixtures with one source being the Copper Age location
population, but two three-way models with an African population as one of the sources provide
reasonable fits (p>0.03): RMPR CA + Russia Yamnaya Samara + Mota and RMPR CA +
Russia_Yamnaya Samara + Mota.

Interestingly, although Iron Age individuals were sampled from both Etruscan (n=3) and Latin (n=6)
contexts, we did not detect any significant differences between the two groups with f« statistics in the
form of f{RMPR_Etruscan, RMPR _Latin; test population, Onge), suggesting shared origins or extensive
genetic exchange between them.

2 From Imperial period onward

To further increase the power to find best fit models for samples in Imperial era and later in gpAdm
analysis, we defined an additional “right” (outgroup) population set consisting of 18 diverse modern
populations (MOD18) (with the sample size indicated by the number in the parentheses):

Ami (10), Basque (29), BedouinB (19), Biaka (20), Bougainville (2), Chukchi (20), Eskimo Naukan (12),
Han (43), Iranian (38), Ju-hoan_North (5), Karitiana (12), Mbuti (10), Papuan (14), Russian (22),
Sardinian (27), She (10), Ulchi (25), Yoruba (30).

As for earlier time periods, we performed gpAdm admixture modeling for Italian individuals sampled in
Imperial era and later in a stepwise fashion. Having observed the high inter-individual ancestry diversity
in Iron Age and after, we did not test one-way models, as a positive result (p>0.05) would only indicate
that the average ancestries of the sampled individuals from the two populations happened to be similar.
Instead, we tested two-way models for individual in each time period, proposing the two sources to be
preceding Italian samples in last period and another ancient population (Iron Age onward) or a modern
population. We considered a model to be acceptable if it has p>0.05 with both ANC17 and MOD18 as the
right set, and reported the results under MOD18, unless otherwise noted.

2.1 Imperial period (27 BCE to 300 CE)

Potential source populations considered: Anatolia_C, Anatolia EBA, Anatolia IA.SG1,

Anatolia TA.SG2, Anatolia. MLBA.SG, Armenia C, Armenia EBA, Armenia LBA,
Armenia_LchashenMetsamor.SG, Armenia MBA, Bulgaria C, Bulgaria EBA, Bulgaria IA,
Bulgaria MLBA, C Iberia BA, C Iberia CA, C Iberia CA Afr, C Iberia CA_Stp, Croatia Early IA,
Croatia_ MBA, Croatia_Vucedol, Czech_Bell Beaker, Czech Corded Ware, Czech EBA,
Czech_Protounetice EBA, Czech_Starounetice EBA, Czech Unetice EBA, Denmark BA.SG,
Denmark LBA.SG, Egypt Late Period, Egypt New Kingdom, E Iberia_IA, England Bell Beaker,
England Bell Beaker EBA, England CA EBA, England EMBA, England IA.SG, England LBA,
England MBA, England Roman_MiddleEast.SG, Estonia_Corded Ware.SG, France Bell Beaker C,
Germany_Bell Beaker, Germany Corded Ware, Germany LBK EN, Germany Unetice EBA,
Greece Crete Armenoi, Greece Minoan_Lassithi, Greece Minoan Odigitria, Greece Mycenaean,
Greenland Saqqaq.SG, Hungary BA, Hungary Baden LCA, Hungary Bell Beaker EBA,
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Hungary LBA, Hungary Prescythian IA.SG, Iberia BA.SG, Iberia_Bell Beaker, Iberia_C, Iran_IA.SG,
Iran_Seh Gabi C, Ireland BA.SG, Israel C, Israel MLBA, Italy Bell Beaker,

Italy Remedello BA.SG, Jordan_EBA, Latvia BA, Lebanon_Canaanite. MBA.SG, Lithuania BA,
Moldova Cimmerian.SG, Moldova_Scythian.SG, Montenegro LBA.SG, NE_Iberia_BA,

NE Iberia CA, NE Iberia Greek, NE Iberia Hel, Netherlands BA, Netherlands Bell Beaker,

N Iberia BA, N Iberia CA, N Iberia IA, NW _Iberia CA_Stp, Phoenician IA, Poland Bell Beaker,
Poland EBA, Poland Globular Amphora, Poland Unetice EBA.SG, RMPR CA, RMPR CA Sar,
RMPR_IA, Romania_C, Russia_Afanasievo.SG, Russia_Alan.SG, Russia_Aldy Bel IA,
Russia_Andronovo.SG, Russia_Early Sarmatian IA, Russia IA.SG, Russia_Karasuk.SG,

Russia_Late Sarmatian.SG, Russia_Okunevo BA.SG, Russia Poltavka, Russia_Sarmatian.SG,
Russia_Shamanka EBA.SG, Russia_Sintashta MLLBA, Russia_Srubnaya, Russia_Srubnaya Alakul.SG,
Russia_Tagar.SG, Russia_Yamnaya Kalmykia.SG, Russia_Yamnaya Samara,
Russia_Zevakino Chilikta IA.SG, Scotland Bell Beaker, Scotland CA EBA, Scotland LBA,
Scotland MBA, SE Iberia BA, SE Iberia_CA, Sicily Bell Beaker, Steppe Eneolithic,

Sweden BA.SG, Sweden IA.SG, SW_Iberia BA, SW_Iberia BA Afr, SW_Iberia CA, SW_Iberia IA,
Switzerland Bell Beaker, Turkmenistan IA.SG, Ukraine Scythian.SG, Ukraine Trypillia_Eneolithic

Unlike Iron Age individuals that mostly fall close to western Europeans and northern Italians in PCA
(Figs 2A and 3C), most of our central Italian individuals in the Imperial period project onto eastern
Mediterranean or Near Eastern populations, such as Greek, Maltese, Cypriot, and Syrian. This shift in
mean ancestry toward eastern Mediterranean populations is also evidenced by f« statistics (Table S20) and
admixture f3 statistics (Table S21).

Only one two-way model, RMPR _IA + Cypriot, provides robust fit (p-value>0.20) to Imperial Italian
samples and estimates an admixture proportion of ~80% for Cypriots under both ANC17 and MOD18
outgroup sets (Table S22). This result, at face value, can be easily mis-interpreted as indicating 80% of
the inhabitants in Imperial central Italy were immigrants from Cyprus, but this interpretation is
problematic for several reasons. First, the genetic makeup of modern Cypriots may not represent how it
was 2000 years ago. In particular, if migration became increasingly prevalent in pre-modern era, which
seems plausible, modern populations would become more genetically similar than they were in the past,
leading to an overestimated admixture fraction. Second, genetic data of ancient populations in late Iron
Age and early Imperial period are sparse, which precludes tests for most of potential source populations
based on historical records or geographic proximity. Furthermore, the active commodity and slave trades
in the Imperial period may have brought diverse ancestries into the city of Rome from various regions,
within or even beyond the empire’s territories. The high inter-individual genetic heterogeneity in Rome is
supported by the spread the samples in PCA (Fig. 2A) as well as the presence of individuals in five
distinct clusters in the ChromoPainter results (Fig. 4). In the scenario of multiple incoming populations,
the relatively good fit of the RMPR 1A + Cypriot model should be interpreted as that modern Cypriots
closely resemble the (weighted) average of ancestries of all incoming source populations.

In addition to RMPR_IA + Cypriot, two other two-way models featuring Anatolia. MLBA and Iraqi_Jew,
respectively, give relatively good but less robust fits (i.e., p>0.01 under MOD18 but not under ANC17).
For similar reasons as elaborated above, the precise identity of the source populations and the admixture
fractions should not be interpreted literally. Nonetheless, these relatively well-fit models all support a
strong genetic influence of the eastern Mediterranean populations on the genetic composition of the city
of Rome in the Imperial period.

2.2 Late Antiquity (300-700 CE)

Potential source populations considered: Anatolia Ottoman1.SG, Anatolia Ottoman2.SG, Bulgaria IA,
Canary Islands Guanche mummy.SG, Croatia_Early IA, Egypt Late Period, Egypt New_ Kingdom,

E Iberia_IA, England IA.SG, England Roman_MiddleEast.SG, England_Saxon.SG,
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Germany Early Medieval.SG, Hungary Langobard, Hungary Langobard.SG,

Hungary Prescythian IA.SG, Iran_IA.SG, Italy Langobard, Lebanon MP,

Lithuania_Late Antiquity.SG, Moldova_Cimmerian.SG, Moldova_Scythian.SG, NE_Iberia_c.6-
8CE_ES, NE Iberia_c.6CE_PL, NE Iberia_c.8-12CE, NE Iberia_Greek, NE Iberia_Hel, N_Iberia IA,
Phoenician_IA, RMPR IA, Russia_Alan.SG, Russia_Aldy Bel IA, Russia Early Sarmatian IA,
Russia TA.SG, Russia Late Sarmatian.SG, Russia_Sarmatian.SG, Russia Tagar.SG,

Russia Zevakino Chilikta IA.SG, SE Iberia c.10-16CE, SE Iberia c.10-16CE_Afr, SE Iberia c.10-
16CE_Afr2, SE Iberia c.3-4CE, SE Iberia_c.5-8CE, Serbia_Medieval Gepidian.SG,

South Africa 1200BP.SG, South Afrlca 400BP.SG, Sweden IA.SG, Sweden_Viking.SG,
SW_Iberia IA, Turkmenistan IA.SG, Ukraine Scythian.SG

In this time period, the average ancestry of our Italian samples shifts substantially toward mainland
Europe and starts to approximate that of present-day Italians, as illustrated in PCA (Fig. 3D) and formally
tested by f« statistics (Table S23). Consistent with these findings, the Late Antiquity individuals can be
modeled as a two-way mixture of the preceding local ancestry (RMPR_IR) and 41% ancestry from late
Imperial German or 38% ancestry from modern Basque (Table S24).

Additionally, our Italian samples in Late Antiquity can be approximated by two-way mixtures of
preceding Imperial samples and one of several modern populations from central and northern Italy
(p>0.04). These results can be loosely interpreted as the genetic makeup of Late Antique individuals
being intermediate between those of Imperial and modern individuals. In other words, there are both
continuity and consistent shifts in the ancestry of central Italians since the Imperial period.

2.3 Medieval period and onward (700-1700 CE)

Potential source populations considered: Anatolia Ottomanl.SG, Anatolia_Ottoman2.SG, Bulgaria IA,
Canary Islands Guanche mummy.SG, Croatia_Early IA, Egypt Late Period, Egypt New_ Kingdom,
E Iberia_IA, England IA.SG, England Roman_MiddleEast.SG, England_Saxon.SG,
Germany Early Medieval.SG, Hungary Langobard, Hungary Langobard.SG,

Hungary Prescythian IA.SG, Iran IA.SG, Italy Langobard, Lebanon MP,
Lithuania Late Antiquity.SG, Moldova Cimmerian.SG, Moldova Scythian.SG, NE Iberia c.6-
8CE_ES, NE Iberia ¢.6CE PL, NE Iberia c.8-12CE, NE Iberia Greek, NE Iberia Hel, N Iberia IA,
Phoenician_IA, RMPR 1A, Russia_Alan.SG, Russia_Aldy Bel IA, Russia_Early Sarmatian IA,
Russia IA.SG, Russia_Late Sarmatian.SG, Russia_Sarmatian.SG, Russia_Tagar.SG,

Russia Zevakmo Chilikta TA.SG, SE Iberia c.10-16CE, SE Iberia c.10-16CE_Afr, SE Iberia c.10-
16CE_Afr2, SE Iberia c.3-4CE, SE_Iberia_c.5-8CE, Serbia_Medieval Gepidian.SG,

South Africa 1200BP.SG, South Africa 400BP.SG, Sweden IA.SG, Sweden Viking.SG,

SW _Iberia IA, Turkmenistan IA.SG, Ukraine Scythian.SG

Illustrated in PCA, the ancestry shifts of central Italians toward European populations continue into
Medieval and early modern periods. Although these shifts are no longer significant by f« statistics,
admixture f3 statistics show clear introgression signals for ancient and modern central/northern European
populations (Table S25). Consistently, multiple two-way admixture models fit well the data of central
Italian individuals dated to 700 CE and afterward: the target population can be modeled as mixtures of
local central Italians in Late Antiquity and ~15-29% ancestry from one of the ancient European
populations below: English in Roman or Saxon periods (50-900 CE) (89), Langobards from Hungary
(400-600 CE) (35), an individual from Lithuania (50-650 CE) (90), individuals from Pla de I’Horta (but
not L'Esquerda) in northeastern Iberia dated to the 6t century (/8), Late Antiquity/Medieval individuals
from Germany (350-1500 CE) (91), or Swedish Vikings (780-1200 CE) (92)(Table S26). Alternatively,
many modern central/northern European populations also serve as reasonable source populations in two-
way admixture models. Although we lack the resolution to differentiate these working models and take
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caution in interpreting the results, it is clear that the genetic makeup of central Italians continues to
approach Europeans and pull away from eastern Mediterraneans in the Middle Ages.

Detection of genetic outliers by f« statistics

With the substantial ancestry shifts throughout time in mind, we aim to detect genetic outliers for each
time period relative to the overall ancestry of the corresponding population. To achieve this, we took a
recursive procedure to identify the most significant outlier sequentially: (1) in each round, we calculated
the 1« statistics for each sample in the form of f«(Test individual, contemporaries; ancient source, Onge),
where “contemporaries” represents all other (n-1) samples in the same period as the test individual, and
“ancient source” is one of five distinct ancient populations that represent typical ancestries: WHG,
Anatolia_ N, Morocco_Iberomaurusian, Russia_Yamnaya Samara, Iran_Ganj Dareh N, Natufian; (2) we
then identified the most significant f4 statistic among all #*6 tests based on the z-scores and calculated its
p-value after Bonferroni correction; (3) if the corrected p-value is below 0.001, we considered the
corresponding test individual a genetic outlier and removed them from the time period; (4) we repeated
steps (1)-(3) until none of the remaining samples in one time period had a significant f7 statistic (i.e.,
corrected p-value<0.001). The Bonferroni correction and significance threshold are overly stringent on
purpose to avoid calling outliers who only differ subtly from the other individuals in the same period. By
this approach, we identified a total of 11 outliers in five time periods (Table S27) and then modeled their
ancestries by gpAdm with one-way or two-way models (contemporary non-outliers + another ancient or
modern population)(Table S28).

ChromoPainter analysis

Observing the high levels of inter-individual ancestry heterogeneity in Imperial Rome (Fig. 3C,D), we
sought to characterize the fine-scale genetic structure of the population by assessing haplotype-sharing,
using ChromoPainter (v 2.1.3) (/7). In detecting subtle population structure, ChromoPainter is more
sensitive than allele frequency-based methods such as PCA. For each target individual, ChromoPainter
infers the most closely related individuals at each genomic locus based on shared haplotype segments
(“chunks™).

We performed this analysis across 475 individuals:
e 134 ancient Italian individuals (127 central Italians and Romans reported in main paper and 7
ancient Sardinians)
e 341 present-day individuals from 31 modern Mediterranean, Eurasian, and North African
populations, with 11 individuals each, from the Globetrotter dataset (53)

A set of 997,710 non-missing snps were used. Default parameters were used for EM iterations and
estimation (slemits:10, sIminsnps:10000, slsnpfrac:0.1, slindfrac:1). Running the main ChromoPainter
software results in a co-ancestry matrix with 475 rows and 475 columns (Fig. S25), where individuals
defining columns are “donors” and individuals defining rows are “recipients”. Each value in the matrix
describes copying of haplotype segments from the donor to the recipient. To reduce the effects of phasing
errors in this analysis, we use the total length of the shared haplotype segments rather than the number of
segments.

Principal component analysis (PCA) was performed on the co-ancestry matrix (Fig. S27). Individuals

with similar haplotype donating and receiving profiles cluster closely together. The PCA of the co-
ancestry matrix has a high concordance with the PCA previously described, where pseudo-haploid
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genotypes of ancient individuals are projected onto a reference PC space created by present-day
individuals (Fig. 2).

We measured the genetic affinity between an ancient Italian individual and a present-day population by
summing the total length of the haplotype segments “copied” from individuals of the present-day
population to the recipient ancient individual.

Allele frequencies for alleles of functional importance

Genomic time-series can be useful in understanding how the frequencies of functional alleles change in a
population, which can potentially be used to detect signals of natural selection. However, the
identification of selection signals must account for ancestry changes (e.g. by migration) occurring in the
population. In this study, we only looked at the genotypes for individuals across our time-series for alleles
that have prior evidence for selection and functional importance (/3). Therefore, this is not intended to
demonstrate selection on alleles in the Roman population.

Social Status in Imperial Rome

While ancient Rome was a highly stratified and hierarchical society, mobility between status groups and
the shared use of necropolises across classes limits our ability to use status as a factor in analyses.

During the Imperial period, it is thought that slaves comprised roughly a third of the city’s population (93)
with freed slaves and non-elites (arranged into a number of social hierarchies) making up the majority of
the remaining population. While the aristocracy constituted only a small percentage of the population, they
are overrepresented in historical accounts, as they controlled political, military and cultural institutions
(making them highly visible to contemporaneous writers and also allowing them to commission inscriptions
and texts, such as Virgil’s Aeneid, commissioned by Augustus) (94). However, archaeological,
bioanthropological and biomolecular approaches, including this study, have allowed researchers to examine
the population of Rome beyond the aristocracy.

Even within this highly stratified society, mobility between groups was possible, and wealth was not
directly linked with status. For instance, the opulent tomb of Marcus Vergilius Eurysaces the Baker
belonged to a wealthy freed slave. Additionally, the Roman elites and non-eiltes were often buried in the
same necropolises, limiting our ability to infer social status based on burial context. For many of the
individuals in this study, we do not have direct information (such as burial inscriptions) about individuals’
identities.

Given the confounding factors mentioned above, we could not analyze status as a factor in this study, but

we do believe that these individuals represent a diverse range of ancient Roman society, as they were
sampled from a variety of contexts (in Rome itself, as well as rural, agricultural, and maritime contexts).
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Supplementary Site and Archaeological Details

ANAS (Azienda Nazionale Autonoma delle Strada)

Date range: 100 - 300 CE
Individuals: R66, R67, R68, R69, R70, R71, R72, R73

The ANAS necropolis is situated in a southern suburb of Rome and was uncovered during road building
(by the Azienda Nazionale Autonoma delle Strada, ANAS) in the area of the present day Acilia (Rome).
The necropolis consists of 8 individuals, mostly adults, and is dated to the II-1II century CE. The graveyard
was associated with a small rural center of farmers and possibly with a nearby villa. Paleodietary analysis
of the inhumated has been previously studied (95). The human osteological material is currently stored at
the Museo delle Civilta in Rome.

Ardea

Date range: 800 BCE - 500 BCE
Individuals: R850, R851

Located 4 kilometers from the Tyhrennian coast, Ardeatine territory consists of a large flat area with a
maximum height of about 80-90 m s.l.m., which descends towards the sea with a series of successive
terraces (96, 97). The area was once the main urban center of the Rutuli, a population belonging to the
"Latin lineage", as featured in the Aeneid (7.409-411) (94) .

Past archaeological research campaigns, as well as those in progress, carried out by the Superintendency
for the Archaeological assets of Lazio, and by F. Di Mario direct, have allowed the discovery of sites,
structures and finds of considerable importance, demonstrating how the Ardeatine territory is still
extraordinarily rich in historical and artistic elements: their study

is starting to provide interesting data for more knowledge of this part of the ancient Lazio (97-101). Early
evidence for the town’s inhabitation dates back to the late Bronze Age (102, 103). Ardea was part of the
Latin League confederation and first became a Roman colony in the 5n century BCE. It is mentioned in
the first Roman-Carthaginian treaty (3.22.24) as Ardea was one of the towns that refused to aid Rome in
the Second Punic Wars (/04).

The skeletal materials come from a necropolis (Campo del Fico) and from the area of the sanctuary, and
are dated VIII and VI century BCE. The location of the site is not far from the sea and in connection with
an important seaport, Castrum Inui, which gave Ardea a strategic role in controlling coastal routes in the
pre-Roman Lazio region (102).

The two excavation campaigns conducted in 1981 and 1982 by E. Tortorici and L. Crescenzi brought to
light 24 buried individuals (11 males 10 females and 3 infants) in both the necropolis area and the cult
area (101).

Boville Ernica

Date range: 700 BCE - 600 BCE
Individuals: R1021
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Boville Ernica, known in the past as “Bauco”, is situated on a steep hill overlooking the surrounding Liri,
Cosa and Sacco valleys (105, 106). Pre-Roman occupation of the site is evidenced by Italic
archaeological findings and Pelasgic walls, characteristic of the people of the Bronze Age Aegean (107,
108). The name of the city refers to the nearby temple on Monte Fico thought to be dedicated to the
agricultural deity Bove, where votive statuettes featuring oxen have been found.

Cancelleria - The Basilica of San Lorenzo in Damaso

Date Range: 771 calCE - 1411 calCE
Individuals: R1219, R1220, R1221, R1224, R1283, R1285, R1290, R1287, R1288, R1289, R1286

The Basilica of San Lorenzo was erected by Pope Damaso (366-384 CE) in south-western Campo
Marzio, reusing part of an architectural complex in which it is possible to recognize the buildings of the
factio prasina, one of the four factions of the circus (/09—111). The Basilica, with three naves, occupied a
large area largely coinciding with that of the courtyard of the Palazzo della Cancelleria, in one of the most
central areas of Rome, halfway between Piazza Farnese and Piazza Navona.

Probably as early as the sixth century CE there are numerous burials (subsequently reworked several
times) that are carried out in the area of the church, in particular in a vast environment located close to the
south side of the building (/12).

A radical transformation of the Basilica is recorded in the second quarter of the 11th century CE
following a fire, of which extensive traces have been found. In addition to conspicuous transformations of
a structural nature, the floor of all the sections of the Basilica was raised by about 1 m. In the church,
starting from this date until its destruction, numerous burials were built including several masonry
ossuaries. New changes to the structure of the church were made during the second half of the fifteenth
century. The numismatic artifacts found have allowed us to date, at the beginning of the last quarter of the
fifteenth century, a large mass grave in which hundreds of burials were deposited (SU17, SU30 and
SU471). In the way of organizing the burials it is likely to recognize the effects of a plague epidemic
which we know to have struck the city between 1476 and 1479 CE, a hypothesis that would also be
confirmed by the study of skeletal remains. In 1489 CE the building of the Palazzo della Cancelleria
begins and the church is totally destroyed. The population of this necropolis covers most of the Middle
Ages and is representative of the population of Rome of this period.

Casale del Dolce
Date range: 1 CE - 400 CE
Individuals: R123, R125, R126, R128

The archaeological site of Casale del Dolce is located on the southern border of Anagni, positioned on a
limestone formation terrace on the eastern bank of the Sacco river.

In this area, there is little data regarding the production economy and its transformation from the fifth
millennium to the third century BCE. This site is a fundamental reference point due to the breadth of the
investigated area and the multiplicity of structural remains.

The presence of a prehistoric settlement in the area was reported by 1. Biddittu (1976-1977; 1990), who in

Mola Santa Maria had recovered archacological materials, later published by Guidi and Pascucci (113),
probably coming from a burial in the cave and from the remains of a village 500 meters further east (174).
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A short distance from the excavated area, in Vadolargo and in Sgurgola -Valle Anagnina, other Eneolithic
burials have been identified.

Archaeological investigations that began in November 1995 and concluded in February 1997 have
allowed us to investigate an area of 2 hectares and led to the identification of the necropolis (/15). This is
relevant to the last phase of occupation of the site and consists of tombs located mainly in area A: 6
funerary structures have been identified, two of which are isolated while the other 4 are adjacent. An
additional 7 are completely isolated at the northern end of the town near area C. The funerary structures
presented multiple burials layered over time.

The site in fact presents, as the materials show, an occupation that goes from the Eneolithic to Late
Antiquity (/76). The four individuals from Casale del Dolce reported in this study date back to the
Imperial / Late Antique period (1 - 400 CE) and come from the excavations of area C. One individual,
who is not part of this study, was identified with leprosy (117). Isotopic analysis shows a relatively low
amount of meat consumption at the site, with a few outlier individuals who appear to be consuming high
amounts of marine resources (/18).

Castel di Decima

Date range: 900 BCE - 700 BCE
Individuals: R1016

The necropolis of Castel di Decima is located along the Via Pontina (SS48) between approximately 18
and 20 km, on the southern outskirts of Rome, after Tor dei Cenci, along the route of the ancient Via
Laurentina which connected Rome to Lavinio (//9, 120). It was identified in 1953, with the recovery of
partially damaged funerary objects, then a rectification of the path of the road and partially explored in a
systematic way from 1971 to the end of the 1990s. On the occasion of the doubling of the road and the
construction of houses the site was subject to archaeological protection. The excavations in the necropolis
were directed by the two archaeological Superintendencies of Ostia Antica and Rome, competent for the
territory, respectively to the west and east of the Via Pontina.

The excavations at Castel di Decima returned about 400 pit inhumations, dating back to a period of time
between the beginning of the eighth century BCE and the end of the seventh century BCE. Apart from
some tombs found devoid of objects or previously disturbed, they have all provided funerary objects of
particular interest, among which some of considerable wealth emerge, attributable to figures of
aristocratic rank and their family groups which characterize the Lazio and Tyrrhenian societies in general
from the Orientalizing period (1/21).

The type of argillaceous-ferrous soil has not generally allowed the preservation of the skeletal remains of
which only the teeth are preserved and traces of the long bones and skull, except for rare cases in which
the outline of almost the entire skeleton is preserved, but with the bones which, while retaining their
shape, are completely decalcified and very crumbly, especially in the distal parts. In these cases, the
skeleton was recovered inside the blocks of earth that contained them. The gender of individuals is
therefore almost always has been determined by the composition of funerary objects. The materials
recovered by the Superintendency of Ostia Antica are kept at the EUR Civilization Museum, those
recovered by the Superintendency of Rome at the National Museum of Terms in Rome.
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Celio

Date range: 400 CE - 600 CE
Individuals: R35, R36

The excavations inside the Military Hospital of Celio (Rome), conducted by the Archaeological
Superintendence of Rome, took place above all from 1986 to 2000 and were of a preventive nature,
compared to a wide-ranging project of building and functional renovation of the nineteenth-century hospital
(122, 123).

The excavations have revealed archaeological elements whose chronology extends from the archaic age up
to the 7th century CE. However, the most numerous testimonies regard the phases of occupation that are
concentrated between the first century of the empire until the V-VI century CE.

Structures attributable above all to dwellings with ground-floor shops, complexes with storage and market
functions and large aristocratic domus (also equipped with private baths) have been identified and partly
excavated. These residences were built in the age of the Antonine emperors (in the second half of the II
century CE), were then restructured in the IV century (when they were bought by families of the high pagan
aristocracy) and finally abandoned around the second half of the V century CE, like many others of the
structures mentioned above.

The main discovery, and the only building investigated in full in the hospital area, is the Basilica Hilariana,
schola (home) of the religious college of the Dendrophori and place of worship of Cibele and Attis. The
complex visible today, located at a slightly higher level, dates back to the time of Antoninus Pius and has
a series of building and stratigraphic phases that last until the end of the 4th century CE.

The schola was taken from the Dendrophores around 415 CE, due to the imperial measures that hit the still
active pagan religious corporations, and was then partially occupied by precarious manufactures between
the middle of the Sth and the middle of the 6th century CE. The final abandonment and collapse occurred
around the beginning of the seventh century CE.

Centocelle Necropolis, Rome (Suburbium)

Date Range: 1 CE - 400 CE
Individuals: R50, R49, R51, R47

The area of the ancient Centumcellae, in a south-eastern suburb of Rome, next to the Via Labicana (within
modern day Centocelle, Rome), extends for more than 30 hectares and preserves a rich archaeological
record ranging from the 6th century BCE to the 6th century CE. Among the many monuments and sites so
far investigated, the necropolis of Centocelle is associated with a Roman imperial Villa (Ad Duas Lauros)
and is dated to the IV-V century CE.

The necropolis consists of 61 inhumations and the individuals possibly pertained to the inhabitants of the
Villa. The preliminary bioarchaeological survey is published in (/24-127). Dietary analysis of the
inhumated through compound specific isotope analyses (CSIA) performed on single amino acids is
currently in progress. The human osteological material is currently stored at the Museo delle Civilta in
Rome.

33


https://paperpile.com/c/SdpZNh/Q91u+xMp6
https://paperpile.com/c/SdpZNh/Q91u+xMp6
https://paperpile.com/c/SdpZNh/Q91u+xMp6
https://paperpile.com/c/SdpZNh/Q91u+xMp6
https://paperpile.com/c/SdpZNh/Q91u+xMp6
https://paperpile.com/c/SdpZNh/gU06+7zD2+r11X+B0ua
https://paperpile.com/c/SdpZNh/gU06+7zD2+r11X+B0ua
https://paperpile.com/c/SdpZNh/gU06+7zD2+r11X+B0ua
https://paperpile.com/c/SdpZNh/gU06+7zD2+r11X+B0ua
https://paperpile.com/c/SdpZNh/gU06+7zD2+r11X+B0ua

Civitanova Marche

Date range: 27 BCE - 300 CE
Individuals: R835, R836

The skeletal remains come from the excavation carried out in the mid-1970s by the Archaeological
Superintendency of the Marche of the ancient Roman city of Cluana (/28). There is no archaeological
publication of the excavation, the information comes from the anthropological study of this necropolis
published in an article together with the study of three other contemporary necropolises. The tombs are
dated to the 4th century AD. The particular characteristic that they have is that of the presence in each
tomb of several individuals, even if the dimensions of the tomb were always constant and independent of
the number of skeletons they contained. The 35 tombs contained 181 individuals, of whom 119 adults and
62 sub-adults. The tombs had very poor grave goods.

Civitavecchia

Date Range: 700 BCE - 600 BCE
Individuals: R473, R474, R475

La Mattonara is an Iron Age Etruscan necropolis near the coastal town of Civitavecchia, on the
Tyrrhenian Sea (129, 130). Archaeological evidence, such as storage rooms for traded goods and pits for
salting and preserving seafood, suggests the economy of this and other coastal Etruscan towns was based
on long-distance trade and the exploitation of marine resources (/37). Civitavecchia later served as a
major Roman port (built between 103 and 110 CE) and was known at the time as Centum Cellae.

Crypta Balbi

Date Range: 400 CE - 600 CE
Individuals: R105, R106, R107, R108, R109, R110, R104

The area of the Crypta Balbi is a significant sector of the current historic center of Rome flanked by the
modern via delle Botteghe Oscure (/32—134). Extended about one hectare, the area contains the remains of
a public building of the Augustan age (Crypta Balbi) attached to a theater. In medieval times the ancient
ruins were transformed into a castle (Castrum aureum) where a church was built (S. Maria domine Rose).
During the late Middle Ages the perimeter of the area was gradually occupied by private settlements (houses
and vegetable gardens), until it hosted a monastery in the Renaissance with a new church (S.Caterina dei
Funari), which still exists today. During the twentieth century the monastery was demolished and later even
the houses were abandoned. Archaeological excavations started in 1981 led to the opening of the new
Crypta Balbi Museum annexed to the archaeological site.

During the excavations some areas have been identified that have received funerary depositions of burials
referable to the centuries of late antiquity and the Middle Ages.

Grotta Continenza
Date Range: 10100 BCE - 2877 calBCE
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Individuals: R11, R7, R15, R2, R3, R8, R10, R9, R6, R4, RS

The Continenza Cave is located in the territory of the former Fucino Lake, at 713 meters above sea level
and has returned a sequence of 9 meters thick. The upper levels are from the Roman period, below which
there are levels of the Copper Age, of the ancient Neolithic to imprinted ceramics (6,590 to 6,170BP),
followed by mesolithic (Castelnovian) levels, so far unknown in central Italy (7,230 BP), and Sauveterrian
(9,650 BP). The sequence ends with levels of the final epigravettian in which it is possible to recognize
several phases thanks to the variations of the faunas and the size of the lithic industries (10,200 to 12,831
BP)(135, 136).

Numerous burials have been found in the cave: those of the ancient Neolithic were upset by clandestine
excavators but it was possible to establish the presence of over 40 individuals including male and female
adults, young people, children and fetuses. Exceptional is the discovery of a cremation complex with two
vessels containing the burnt-in remains of two children covered by the remains of a woman, a phenomenon
known in Italy only in very few other cases. Human remains were also found in the Castelnovian levels and
a part of the female burial was present in the Sauveterrian ones(/37).

In the sequence of the final epigravettian two male tombs in a circle of stones were discovered, one of
which was stretched out with the belly and the face down and headless, and various other human remains.
Numerous combustion pits and structured hearths, flint processing areas and meal waste clusters were also
found, for which various functions of the cave, dwellings and funerals can be seen (138).

In addition to the abundant lithic industry, there were numerous bone and shell ornaments, and bones
decorated with geometric motifs as well as painted pebbles.

Isola Sacra necropolis

Date Range: 1 CE - 400 CE
Individuals: R42, R39, R37, R38, R40, R41, R43, R44, R45

The Imperial port town of Portus Romae is located approximately 23 km southwest of Rome, and was a
key trading center for the city during the Roman Empire. Portus was the port of Rome, and the uninhibited
flow of goods into the metropolis, first and foremost grain, but also other vital foodstuffs, was the highest
priority of the imperial government. The prosperity of Portus was tied up with that of the imperial city. The
inhabitants of Portus were buried in the necropolis of Isola Sacra, which extends approximately 1.5 km
along the road between Ostia and Portus Romae, and was in use from the 2nd to the late 3rd-early 4th
centuries CE. People buried in the Isola Sacra were engaged in commerce and business, frequently
themselves descended from slaves. The population, those sections of it that are 'visible', was, or appears,
relatively egalitarian, in comparison with other Italian towns. There is a missing 'tranche' in the social
hierarchy, at the top, where one would expect to locate an aristocracy of office and social prestige (33).

Over 2000 individuals have been recovered to-date from the necropolis and are currently stored at the
Museo delle Civilta in Rome. The bioarchaeology of the odontoskeletal collection of Isola Sacra was
intensely investigated and a number of contributions has been published, exploring demography (139, 140),
diet (34, 95, 141, 142), occupational markers (/43), stress of the infant segment (/44-146), and
paleopathology (19, 147—149).
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Marcellino & Pietro

Date Range: 136 calCE - 500 CE
Individuals: R132, R130, R133, R134, R136, R137

The catacombs of Santi Marcellino e Pietro (Saints Marcellinus and Peter) are located about 3 kilometers
south of Rome and named after the early Christian martyrs who were thought to be buried there in the 3rd
century CE. The catacombs are comprised of roughly 4.5 kilometers of underground tunnels(/50).

The burials in this study were excavated in 1958 and 1993 and the paleopathology and bioarchaeology of
these two excavations (from galleries 17, 18, 19, I11, and Z4) studied as part of a combined report (/57—
153). In this group there is a large number of infants and children (over 20%). The low presence of
individuals in old age, together with low values of stature, when compared to the contemporary groups, as
well as the high incidence of enamel hypoplasia, suggest that there as the individuals were subjected to
widespread metabolic and/or nutritional stress during childhood (/57).

Martinsicuro

Date range: 930 cal BCE - 839 calBCE
Individuals: R1

Martinsicuro is a coastal site located on the border of Le Marche and Abruzzo on central Italy’s Adriatic
coast. It is a proto-Villanovan village, situated on a hill above the Tronto river, dating to the late Bronze
Age and Early Iron Age(/54). Excavations at the site have been limited, but during an excavation in
preparation for road construction, a single post-built structure was excavated which contained a rich
archaeological deposit of ceramics (/55). These finds from the site indicate an affinity with contemporaries
in the Balkans, suggesting direct trade contacts and interaction across the Adriatic. In particular, the practice
of decorating ceramics with bronze elements was shared between the Nin region in Croatia and Picene
region of Italy, including Martinsicuro (/56). These finds also show the conservation and preservation (e.g.
as artifacts) of ceramics from the earlier Middle Bronze Age into the Late Bronze Age and Early Iron Age.

Mausoleo di Augusto

Date Range: 300 CE - 700 CE
Individuals: R31, R30, R32, R33, R34

Between 2007 and 2011, the Capitolina Superintendency for Cultural Heritage conducted preventive
investigations in the area of the Mausoleum of Augustus, in the center of Rome, as part of a project to
redevelop the monument and the surrounding square.

During the excavation in the sector to the south of the Mausoleum, the staircase and the other structures
relating to the arrangement of the 1950s were demolished, 20 burials in primary lying in the earth pit were
found, to which 2 depositions in secondary position are added. These burials, characterized by an extreme
variety and irregularity in the preparation, did not return funerary objects (/57).

They belong to the already well-known burial ground of the Mausoleum of Augustus, partly excavated in

the years 1950-51, on the occasion of the works of arrangement of the area outside the Mausoleum. On that
occasion, 23 "cappuccina tombs" were identified, for a total - to date - of 45 depositions. The graves for the
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depositions are excavated inside caves that obliterated the paving of the imperial age; at a first examination
of the materials, these bays are not prior to the second half of the 5th century CE This chronological
indication provides the terminus post quem for the dating of the burial ground. It can therefore be said that
the cemetery complex found in the area of the Mausoleum of Augustus is, due to its characteristics, an
example of the spread, between the second half of the 6th and the 7th century, of vast cemeteries within the
Aurelian Walls, in a territory characterized by the alternation of built-up areas and abandoned areas (/58—
160).

Mazzano Romano, Necropolis of Monte Agnese

Date range: 1 CE - 400 CE
Individuals: R1543, R1544, R1545

The necropolis of Mazzano Romano, on Monte Agnese, is located about 50 north of Rome on the border
with the Province of Viterbo (/67). The necropolis is from the Roman imperial period which come from a
chamber tomb that has undergone severe remixing due to violations both in ancient and recent times. In
total the chamber tomb has returned the remains of at least 20 individuals, of which 16 are adults and 4 sub-
adults (/162—164).

Monterotondo

Date range: 26 BCE - 300 CE
Individuals: R1551, R1547, R1548, R1549, R1550

A town located northwest of Rome along the Via Salaria, making it an important defensive position for
Rome (765). Early evidence for habitation of the site dates back to the late Bronze Age and it has been
suggested that it is heir to the Sabine town of Eretum, mentioned by Virgil in the Aeneid and other
ancient writers (94). The individuals in the study from Monerotonodo are from Roman occupation of the
site in the Imperial period (166).

Monte San Biagio

Date range: 3500 BCE - 2500 BCE
Individuals: R1014

Monte San Biagio is a Eneolithic site located in southern Lazio at foothill of Monti Ausoni about 120 km
south of Rome near the Tyhrennian coast (/67). Archaeological finds from the site belong to the Gaudo
and the Rinaldone material cultures and indicate a mixed farming economy with small scale polyculture,
as well as the development of copper metallurgy and increased specialization of craft production (768,
169). Similarities between the Gaudo culture and Aegean groups suggest ongoing contact between these
regions in the Eneolithic.

Palestrina (Antina, Colombella, Selciata)

Date range: 600 BCE - 200 CE
Individuals: R435, R436, R437
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Praeneste, modern-day Palestrina, located south of Rome, was one of the largest ancient cities in Iron Age
Latium and home to the Praenesti tribe. Praeneste was originally part of the Latin League, a consortium of
cities allied for mutual protection, but left to form an alliance with Rome. After Rome was sacked by the
Gauls in the 4th cen BCE, Praeneste switched sides again and fought against Rome in the Latin Wars.
After defeat by the Roman, Praeneste was incorporated into the growing Roman territory (/70).

Archaeological evidence attests to the strong trade links Praeneste had across the Mediterranean. One
striking example is the silver bowl (Fig. S30) from an Iron Age tomb at Praeneste dating to the 8th/7th
century BCE (3). Based on stylistic elements, art historians have attributed the bowl to a Carthaginian or
Phoenician origin. Interestingly, the hieroglyphic characters serve as a design motif rather than as textual
characters. They do not spell anything, perhaps suggesting that the bowl was created for a market that
valued their aesthetic, rather than inscriptive, value.

Ripabianca di Monterado

Date range: 5465 calBCE - 5214 calBCE
Individuals: R16, R17, R18, R19

The Ripabianca di Monterado site belongs to the Middle-Adriatic Impressed Ware phase located in a sub-
coastal area a few kilometers north of Ancona in the Marche region (/71). The site was excavated in the
early 1960s and returned three primary burials over further fragmentary remains (/72, 173). The
calibrated dates of the site place it between 5500 and 4900 BC. These dates have been confirmed by those
made, in the present study, directly on the skeletons. The ceramics of the site also presents some
characters of originality, revealing evident influences coming from contemporary cultural aspects, it also
lends itself perfectly to analyze the contact made, around the second half of the sixth millennium-
beginning of the fifth century BC, between the Marche area, Central and inland Tyrrhenian Italy and
northern Italy referable to the aspect of linear Ceramics (171, 174). These relationships were probably
linked to the trade in raw materials, first of all obsidian (175, 176).

S. Ercolano Necropolis, Ostia (Suburbium)

Date range: 400 CE - 600 CE
Individuals: R117, R118, R120, R121, R122

In the perimeter of the small modern sanctuary of S. Ercolano, in the south-eastern suburb of ancient Ostia,
two excavation campaigns, in 1988 and 1989 made it possible to awaken interest in an area funerary only
previously glimpsed, especially with earthworks completed in the nineteenth century, which then brought
to light cremation and burials from the early imperial age to late antiquity, including Christian inscriptions
(177, 178).

At the present state of research, it is not possible to have the certainty of the existence of a church before
the modern age; in the same way we have for the first time, in the modern age, the mention of the
Hagiotoponym of Ercolano (for the small shrine currently visible), certainly a Christian martyr, attested in
the 4th century CE (Depositio martyrum), remembered as buried in nearby Portus.

The burials excavated in 1988 and 1989 belong to late antiquity and the early Middle Ages (based on

stratigraphic and typological analysis), in a period ranging from the 4th century to the High Middle Ages
(178). As in the case of the nearby area of Pianabella, it cannot be ruled out that such a densely occupied
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cemetery may be linked to one of the suburban ostiense burial churches, indicating an occupation of part
of the space of the ancient city that remains to be identified in its configuration housing. The anthro-
archaeological study is fundamental in this case and should guide, with the association to the burials from
which the bone finds come, the planning of future investigations.

Tivoli Palazzo Cianti

Date range: 1600 CE - 1700 CE
Individuals: R969, R970, R973

An elaborate palace built in Tivoli by the bishop of the Marsica, Giuseppe Cianti in the 1600’s. It also
functioned as the seat of a Monte di Pieta (mountain of plenty) and a Monte Frumentario (mountains of
grain). These institutions were both operated through the Catholic Church - the former to provide loans to
parishioners and the second to provide wheat and barley to farmers for sowing. This site was excavated
by a team lead by Dr. Mauro Rubini in 2009.

Veio Grotta Gramiccia

Date range: 900 BCE - 800 BCE
Individual: R1015

The site of Veio (Veii in English, Veio in Italian) is a large Etruscan city, located about 18 kilometers
north of Rome (/79). Veio’s territories spanned not only the plateau on which was located, but extended
from the Tiber River in the south to Monte Sabatini (/80, 181). It was one of the most powerful Etruscan
city-states and its proximity to Rome resulted in conflicts between the two cities in the Iron Age and
Republican periods, until Rome’s victory over Veio in 396 BCE (/82).

Research by the South Etruria Survey and Tiber Valley Project have documented Veio and it’s territory.
These surveys mapped roads connecting Veio to other important regional cities, such as Rome and
Tarquinia, and identified Veientine necropoli (often located along these roads) (183—185). One of these,
Grotta Gramiccia contains over 800 tombs (/87). Located on the road between Veio and Tarquinia and
Vulci, it is one of the earliest cemeteries of Veio, with tombs dating from the 9th to 7th centuries BCE
(179, 181, 186).

While the burial in this study from Grotta Gramaccia has not been published previously, material finds
from elsewhere in the necropolis, as well as other domestic and industrial contexts in Veio offer insights
into daily life in Veio and its contacts with other Etruscan groups and the world beyond.

Via Paisiello Necropolis

Date range: 1 CE - 200 CE
Individuals: R111, R113, R114, R115, R116, R131

During the works of preventive archaeology (2014 - 2016) in a building located in Via Paisiello, a vast
funeral area with a very long life was found, ranging from the 1st century to BCE. to the IV sec. CE
(180). The necropolis is located in northern Rome, near Villa Borghese, where in the Roman age the
immense Necropolis Salaria extended, of the size of 24 hectares (187, 188). In this excavation many pit
graves have been found, tombs with niches, shaped tombs, primary incinerations (busta sepulchra),
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secondary incinerations inside o/lae and inside amphorae. The remains of real mausoleums and a
columbarium in opus reticulatum, hypogea and perhaps a ustrinum have also been identified. The vast
area found, connected to an important ancient road system, the Salaria vetus, highlighted the skeletal
remains of 88 individuals, whose osteological remains are in poor condition. 18 incinerations were also
found, of which 6 primary (busta sepulchra) and 12 secondary. The cremated individuals are all adults
and mostly female.

The inhumation burials represent almost 80% of the examined sample and are almost all primary, the
bodies, often supine and North-South oriented, were probably wrapped in a shroud. There are also 7
prone positions. The burials contain a larger number of older adults than sub-adults, and males than
females.

Viale Rossini Necropolis

Date range: 1 CE - 200 CE
Individuals: R75, R76, R78, R80, R§1

During some urban archaeology works, for the laying of a long water pipeline, carried out in 2008, a
necropolis of about 90 individuals was found near Viale G. Rossini, between the intersections of Via G.
d'Arezzo and Via A. Bertoloni and a portion of a columbarium in via G. Puccini (/89). In the necropolis
of viale G. Rossini various funerary types are attested including “cappuccine”, both single and multiple,
earthy pits, depositions in formae and amphora incineration. The excavation of the necropolis has yielded
individual depositions and burials in buildings of probable family character. The presence of amphorae
and ollas attests the use of both incineration and inhumation rituals, with a strong prevalence of the latter
over the former. Among the funerary structures, two had depositions in_formae inside, another building
had both inhumations and incinerations, while in the section other smaller structures could be
distinguished, perhaps due to small monuments. The structures had NW / SE orientation and assumed an
ancient road network of the same direction. The path of this ancient road is recognized by the scholars
Quilici - Quilici Gigli in the direction of the ancient city of Antemnae following the route from Porta
Pinciana, along the homonymous street and continuing towards via G. Paisiello, via E. de Cavalieri, viale
Romania and via di S. Filippo Martire up to the Antemnae hill.

Villa Magna

Date range: 820 CE - 1430 CE
Individuals: R52, R53, R54, R55, R56, R57, R58, R59, R60, R61, R62, R63, R64, R65

The 14 individuals from Villamagna derive from the archaeological excavation, conducted between 2006
and 2010, of the Monastery of San Pietro in Villamagna, Anagni (FR) (41.683246, 13.111812) that saw
the identification, unearthing and study of 491 individuals (of which 421 were articulated primary burials
and 70 were identified through laboratory analysis of loose bone from specific contexts of known
chronological attribution) dated from the 8th to the 14th century CE. Though unevenly distributed in the
different chronological phases (15 early medieval, 80 Central Medieval, 382 late medieval and 14 of
uncertain attribution), somewhat fragmentary and at times incomplete, the samples were well preserved
and proved apt for morphological study, isotope analysis and aDNA extraction (190, 191).

Occupation of the site is attested from the beginning of the first century with a succession of at least two

Roman Villas; one of which an Imperial one of extreme prestige (1/92). The estate was reoccupied in the
9th Century and in the 10th it was donated by some land owners of Anagni to the monastic order. The
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monastery grew in power, as also testified by the addition of a cloister, a porch, a new apse and a grand
cosmatesque pavement, only to be suppressed by Bonifacio VIII in 1297. The monks consequently left
but occupation of the site continued, as did its funerary use. It was then transformed into a castrum under
the control of the cathedral of Anagni and local noble families and once again abandoned in 1478 (193,
194)

The stable isotope analysis conducted on 125 of the 491 individuals from the medieval cemetery at
Villamagna showed wide variation in isotopic ratios and slightly higher d13C and d15N values in the
Central Medieval individuals. Though this may in part be consequence of the demographic distribution
observed (the Central Medieval phase, the one associated to the Monastery and possibly the one that
includes the remains of the monks that died at Villamagna, shows a male to female sex ratio of 1.29), it
could also reflect differences in diet, status or mobility (/90).
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Fig. S1. Locations and time periods of archaeological sites. (A) Date ranges for time periods and
average dates for samples. The average date for each sample is shown along with ranges for each time
period. Sample points are colored based on the time period to which it was assigned regardless of position
in time period range. (B) Sites locations in Italy, colored by corresponding time period to which the site
belongs, with the exception of Grotta Continenza which represents three time periods: Mesolithic (n=3),
Neolithic (n=6), Copper Age (n=2); and Marcelino & Pietro which represents two time periods: Imperial
Rome (n=1) and Late Antiquity (n=5). (C) Zoomed in version of full Italy map to show the province of
Lazio.
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Fig. S2. Genotype calling and imputation compared by genotype accuracy and number of sites. A
22x genome (NE1) (54) was downsampled to coverage levels from 0.1x to 5x and imputed at lower
coverages. (A) The consistency of imputed and called genotypes with the true genotype is shown for
heterozygous, homozygous alternate, and homozygous reference genotypes. (B) The number of sites are
shown for imputed and called genotypes corresponding to the assessment in panel A.
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Fig. S3. Imputed genotype consistency with a 1% holdout set of reads. A genome (NE1) sequenced
22x (54)was downsampled to coverage levels of 0.5x to 3x. 1% of reads were held out prior to

to

imputation. Imputed genotypes at sites where reads were held out were assessed for consistency with the
true reads. Results are stratification by minor allele frequency (MAF) of the global imputation panel and

for heterozygous, homozygous alternate, and homozygous reference genotypes. (A) Consistency of

genotypes by imputation (solid lines). As a comparison we show the accuracy that would be achieved by
naively using the most common European genotypes (dashed lines) in the imputation reference panel. (B)

The number of sites evaluated in the holdout assessment are shown.
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Conditional Heterozygosity
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Fig. S6. Conditional heterozygosity for ancient individuals reported in this study. Conditional
heterozygosity was calculated per individual at sites that are segregating in a single San Khomani
individual with a read-based method (74, 87). Colors represent the time period to which that individual
has been assigned. High or low heterozygosity individuals of interest are labeled with their sample ID.
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Fig. S7. Examples of long runs of homozygosity (ROH) in three ancient Italian individuals reported
in this study. ROH segments are detected by a read-based approach: each dot represents a SNP site
covered by at least two reads, and the y-axis is the probability of seeing two different alleles, if exactly
two reads are randomly sampled. In blue is the LOESS curve describing the average probability of seeing
different alleles in a chromosomal window, so the parts overlapping with the y=0 line indicate ROH
segments, with a few dots with estimated heterozygosity>0 potentially due to untrimmed DNA damage or
sequencing errors.
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Fig. S8. Cross-validation for unsupervised ADMIXTURE analysis for K=2 to K=9. Unsupervised
ADMIXTURE was performed with ancient and modern populations at K=2 to K=9, with 5-fold cross-
validation, and 5 repetitions (with varying random seed). Each point (jittered) represents one repetition at
a K value.
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Fig. S9. Unsupervised ADMIXTURE for K=2 to K=8. Runs of unsupervised ADMIXTURE with
lowest cross validation error are shown. Only ancient and present-day Eurasian populations were included
in all runs. Select published ancient populations with the highest average proportions for a single cluster
and with a sample size > 1 are shown across all K. For reference, ancient samples from central Italy and
Rome are shown on the right, along with published present-day central Italians. Colors for each cluster
are only relevant within each K, although colors/cluster numbers were aligned across runs if possible.
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Fig. S10. Unsupervised ADMIXTURE timeline at k=5. Unsupervised ADMIXTURE was performed
with ancient and modern populations. Each bar represents the ADMIXTURE proportions for an
individual. Each thumbnail includes ADMIXTURE profiles of individuals from that region (column) and
date range (row). Time periods and date ranges are based on those used in this study for Rome and Italy.
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Fig. S11. Unsupervised ADMIXTURE timeline at k=6. Unsupervised ADMIXTURE was performed
with ancient and modern populations. Each bar represents the ADMIXTURE proportions for an
individual. Each thumbnail includes ADMIXTURE profiles of individuals from that region (column) and
date range (row). Time periods and date ranges are based on those used in this study for Rome and Italy.
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Fig. S12. Supervised ADMIXTURE timeline. Supervised ADMIXTURE was performed with ancient
and modern populations and with five source populations: Western Hunter-Gatherers, Northwestern
Anatolian Neolithic, Iranian Neolithic, Moroccan Hunter-Gatherer (Morocco Iberomaurusian) and Steppe
Eneolithic (denoted by black boxes around corresponding samples). Each bar represents the
ADMIXTURE proportions for an individual. Each thumbnail includes ADMIXTURE profiles of
individuals from that region (column) and date range (row).
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A. Supervised ADMIXTURE B. Correlation of ADMIXTURE
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Fig. S13. Consistency of Supervised ADMIXTURE proportions across odd and even chromosomes.
Supervised ADMIXTURE was run on both odd and even chromosomes of pseudohaploid genotypes for
the study samples (127 ancient Romans and 7 ancient Sardinians) and reference samples (varying
genotyping methods, but consistent across both runs). (A) Admixture proportions are shown for only
study samples for simplicity. (B) Corresponding ADMIXTURE proportions (for same sample and source
population) across the two runs are shown with points for study samples colored by time period, and
published samples in gray.
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Fig. S14. Modern reference space for principal component analysis. Modern populations used to
create the principal component (PC) space for projection of ancient samples are represented by 2 standard
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A. Principal Component Analysis
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Fig. S15. PCA and ADMIXTURE analysis for ancient individuals in the time series. This figure is
the same as Fig. 2 of the main paper except that all study samples are labeled. (A) Ancient Italian
samples, some modern samples, and five previously reported ancient populations were projected onto a
PC space determined by modern samples shown in Fig. S14. Color labels of ancient populations
correspond to colors in the panel (B). Colors of study samples correspond to each time period shown in
panel B. (B) Supervised ADMIXTURE analysis for ancient study samples.
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A. Standard deviation of principal components B. Standard deviation of ADMIXTURE Proportions
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Fig. S16. Ancestry diversity within each time period measured by standard deviation across
individuals in PCA. (A) Standard deviation of PC coordinates from the analysis shown in Figs. 2 and 4
is plotted for each time period group in the study population and for present-day Italian populations.
Arrows depict temporal order for samples from mainland central Italy. (B) Standard deviation of
ADMIXTURE proportions (x-axis) at each time period (y-axis) is shown for the source populations used
in supervised ADMIXTURE in Fig. 2.
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Fig. S17. PCA with ancient Individuals from central Italy and published prehistoric populations.
Prehistoric ancient samples were projected onto a PC space created with select modern-day populations
(Fig. S14). Polygons encompass all individuals from a given published ancient population. Published
populations with n < 2 are denoted with small circular points. Study samples are shown by large, solid,
labeled points. Colors represent the general time period to which the individuals and populations belong.
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Fig. S18. PCA with ancient Individuals from central Italy and published historic populations
labeled. Historic (Iron Age onward) samples from central Italy and published post-Neolithic ancient
individuals were projected onto a PC space created with select modern-day populations (Fig. S14).
Polygons encompass all individuals from a given published population. Study samples are shown by

large, solid, labeled points. Colors represent the general time period to which the individuals and
populations belong.
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Fig. S19. PCA highlighting geographical regions for which samples from pre- and post-Imperial
Rome are available. Where data was available, pre-Imperial (Bronze Age) and post-Imperial (Modern
day, with the exception of Early Medieval for Germany) samples are shown for seven regions. Arrows are
drawn from the approximate center of the pre-Imperial to the center of the post-Imperial population for a
given region to highlight lack or presence of continuity in the PC space. Light gray points represent
ancient Italian samples from Imperial to Late Antiquity for reference. All samples were projected onto
the same PC space shown in Fig. S14.
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A. Isola Sacra B. Crypta Balbi C. Villa Magna
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Fig. S20. Sites of interest in principal component analysis. Sites mentioned in the text, and individuals
belonging to those sites, are shown in principal component analysis. Ancient individuals (points with
sample IDs) are projected onto a principal component as in Fig. S14. Pseudo-haploid genotypes are used
for ancient samples. Colors correspond to ancient Roman time periods used elsewhere in the study. (A)
Isola Sacra was the necropolis of port town of Portus Romae, which was a key trading center for Rome in
the Imperial Period. (B) The Late Antique burials from Crypta Balbi are contemporaneous with finds of a
metal workshop producing belt buckles, seals and jewelry found in Lombard burials elsewhere in Italy
(195). (C) The burials from Villa Magna in this study are from the Medieval period, when the site former
Imperial villa housed a monastery and lay community.
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A. Supervised ADMIXTURE for

imputed genotypes
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Fig. S21. Consistency of ADMIXTURE proportions for imputed and pseudohaploid genotypes.
Supervised ADMIXTURE was run for 127 ancient Italian samples with either imputed diploid genotypes
or pseudohaploid genotypes. All other samples (published ancient and modern) remained the same in both
runs. (A) Admixture proportions are shown for Italian samples only for simplicity. (B) Corresponding
ADMIXTURE proportions (for same sample and source population) across the two runs are shown with
points for Italian samples colored by time period, and published samples in gray. Correlation was > 0.99
for the Italian samples across all proportions.
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A. Comparison of principal component analysis of projected imputed and pseudo-

haploid genotypes for newly reported samples
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Fig. S22. Comparison of imputed and pseudohaploid genotypes by principal component analysis.
(A) Imputed and pseudohaploid genotypes for 13 reported samples (127 ancient Romans and 7 ancient
Sardinians) were projected onto the same principal coordinate space (Fig. S14). Line segments are drawn
between a given sample’s two data points (pseudohaploid and imputed genotypes). (B) Distributions of
the differences between imputed and pseudohaploid coordinates for principal components 1-6 are shown.
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C. ADMIXTURE proportions using African source populations
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Fig. S23. Tests for African introgression in the ancient Roman population. Results from f3(Test
sample; CEU, Yoruba) and f«Test sample, CEU; Yoruba, Onge) tests and proportions from
ADMIXTURE in panels (A), (B), and (C), respectively, are shown for each sample (time ordered on the
x-axis). Individuals considered to confidently have African ancestry based on having a Z-score < -3 for
the f test and Z-score > 3 for the f4 test are labeled with their sample ID and highlighted yellow across the
three panels.
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Fig. S24. Rebound of WHG ancestry in later Neolithic and Copper Ages illustrated by fx(test
sample, chimpanzee ; WHG, Anatolia_N). Horizontal bars represent two times standard deviation in
the fs-statistic evaluated by jackknife (roughly corresponding to 95% confidence interval); vertical bars
denote the upper and lower bounds of the estimated age by radiocarbon dating. Compared to early
Neolithic individuals (e.g., R2, R8, R3), later Neolithic individuals (e.g., R16, R17, R18, R19, R5) and
Copper Age individuals (R4, R5, R1014) significantly shifted towards WHG and away from Anatolia
farmers, suggesting an increase in WHG ancestry with time.
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Fig. S25. Haplotype sharing between all modern individuals and ancient individuals from central
Italy analyzed by ChromoPainter. Imputed and phased genotypes from eleven individuals for each of
32 present-day populations in Europe, the Mediterranean, the Levant, the Caucuses, and North Africa
along with 134 ancient Italians (127 Roman/mainland Italy + 7 Sardinian) were analyzed for haplotype
sharing. The resulting co-ancestry matrix displays all 475 donor individuals (columns, labeled on bottom)
and 475 recipient individuals (rows, labeled on left side), along with an annotation bar for the time period
of the individual. Each tile in the matrix represents the total length (cM) of haplotype segments “copied”
from a donor individual to a recipient individual. K-means clustering was performed on the rows
(recipients). For clarity, recipient clusters containing ancient individuals are enlarged on the right hand
side.
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Fig. S26. Haplotype sharing between modern populations and ancient individuals from central
Italy. Individual-level haplotype sharing represented in the co-ancestry matrix (Fig. S22) was
summarized by summing the total length of copied haplotypes from individuals in a present-day
population (rows, labeled on left side) to study ancient individuals (columns, labeled on bottom). Each
tile in the matrix represents the total proportion of the ancient individual’s haplotypes that are copied from
that population. K-means was performed on the columns and rows of the resulting matrix. The time
period of ancient individuals is shown by the annotation bar on the bottom. This figure is identical to Fig.
4A, except that it includes the sample labels and dendrogram.
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Fig. S27. Principal component analysis of haplotype sharing between modern populations and
ancient individuals from central Italy. PCA was performed on the full co-ancestry matrix (total length
of haplotypes copied from donor to recipient) shown in Fig. S25 with the exception of 8 outliers (2
Tunisian, 2 Iraqi Jew, 1 Mozabite, 1 Egyptian). The first two principal components are shown for all
individuals on the left side and a zoomed in portion is shown on the right. Present-day individuals
(colored points) and populations labels are shown in color. Study individuals are represented only by their

numeric sample IDs or by small black points.
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Fig. S28. Correlation of haplotype sharing for odd and even chromosomes. Total shared haplotype
length between an ancient individual and a modern population across even and odd chromosomes . Each
point represents shared haplotype length for one ancient individual and one modern population. Linear
fits are shown for each time period. Points and lines are colored based on the ancient individual’s time
period. Correlations between odd and even chromosomes are shown in the table inset.
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Fig. S29. Allele frequencies for alleles of functional importance. Imputed genotypes for alleles
previously shown to be of functional importance (and under selection), denoted by putative function,
associated gene, variant ID, and derived allele, are shown for study individuals from central Italy, ordered
by time on the x-axis. For reference, the population allele frequency for three present-day populations in
the 1000 Genomes Project (British/GBR, Finnish/FIN, Spanish/IBS) are designated by the first letter of
the population name. Sample points for study individuals are colored by their time period. For each
variant, a LOESS (locally weighted smoothing line) is plotted all points excluding the three modern
populations.
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Fig. S30. Silver bowl excavated from the Bernardini Tomb at Praeneste dating to the 8th/7th
century BCE.
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Supplementary Tables

Table S1. Archaeological site information (Excel file)
Table S2. Sample information (Excel files)
Table S3. Radiocarbon Dating and deltaC and deltaN Measurements (Excel files)

Table S4. Published samples used in this study (Excel files)
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Table S5. Y-chromosome haplogroups of individuals in Mesolithic period to Iron Age

CTS8591, P310

Period ([Sample |Site Date Y-chr Characteristic Other ancient individuals belonging to
ID Haplogroup |derived allele(s) [the haplogroup (earlier or around the
carried same time)
ME R11 Grotta 10100 - 9816 [I-M436 L503, P217 Falkenstein (Germany 7460-7040
Continenza |[calBCE (I2a2) calBCE)
15401 (Serbia 7076-6699 calBCE
calBCE)
14596 (Latvia 6061-5990 calBCE)
ME R7 Grotta 8821 - 8642 |I-M223 L503, M436, Falkenstein (Germany 7460-7040
Continenza |calBCE (I12a2a) M223 calBCE)
14881 (Serbia 6570-6255 calBCE
calBCE)
14596 (Latvia 6061-5990 calBCE)
ME R15 Grotta 7284 - 7065 (I-M223 M438, L460, Falkenstein (Germany 7460-7040
Continenza |calBCE (I2a2a) P217,P223 calBCE)
14881 (Serbia 6570-6255 calBCE
calBCE)
14596 (Latvia 6061-5990 calBCE)
NE R9 Grotta 5607 - 5485 |G-L91 P15, PF3177, L91, |11583 (Turkey 6426-6236 calBCE)
Continenza calBCE (GZazalaz) 76177 10698 (Bulgarla 6000-5900 BCE)
Kleil0 (Greece 4230-3995 calBCE)
Otzi (Ttaly 3484-3104 calBCE)
NE R19 Ripabianca di [5345 - 5221 |J-L26 L134, 1228, KK1 (Georgia 7940-7600 calBCE)
Monterado  |calBCE (12al) M410, L27 10708 (Turkey 6221-6073 calBCE)
15078 (Croatia 4692-4546 calBCE)
15207 (Austria 5500-4500 BCE)
NE R17 Ripabianca di 5324 - 5223 |J-M304 M304, PF4622 N.A.
Monterado  [calBCE J)
NE R6 Grotta 5242 -5177 |R-M343 M306, M343 Villabruna (Italy 12230-11830 calBCE)
Continenza calBCE (R]b) 15235 (Serbla 9221-8548 calBCE)
15411 (Romania 7000-6300 BCE)
14630 (Latvia 7465-7078 calBCE)
15890 (Ukraine 5286-5062 calBCE)
10410 (Spain 5294-5066 calBCE)
CA R1014  |Monte San {3500 - 2500 [H-L901 M2936 10867 (Israel 7300-6200 BCE)
Biagio BCE (H) 10745 (Turkey 6374-6227 calBCE)
12520 (Bulgaria 3336-3028 calBCE)
CA R4 Grotta 2950 - 2880 [G-F1193 CTS9605, Bon004 (Turkey 8300-7952 BCE)
Continenza |calBCE (G2a2b2b1)  |CTS2488, PF3359 | 12532 (Romania 5715-5626 calBCE)
10676 (Macedonia 5979-5735 calBCE)
12521 (Bulgaria 5619-5491 calBCE)
11314 (Spain 3363-1903 calBCE)
1A R1016 [Castel di 900-700 BCE |R-M269 P238, M343, 10429 (Russia 3339-2918 calBCE)
Decima (R1bla2) M269, CTS8591 | TV32032 (Portugal 1750-1510
calBCE)
1A R850 Ardea 800-500 BCE |T-L208 M70, L299, 10700 (Bulgaria 5800-5400 calBCE)
(Tlala) L905 10797 (Germany 5500-4850 BCE)
1A R851 Ardea 800-500 BCE |R-P311 P238, 1278, 10443 (Russia 3300-2700 BCE)
(Rlbla2ala) | M269, RISE563 (Germany 2572-2512

calBCE)
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RISES66 (Czech 2279-2033 calBCE)
RISE98 (Sweden 2275-2032 calBCE)

TV3831 (Portugal 1750-1510 calBCE)

1A R1021  (Boville 700-600 BCE [R-PF7589 M207, P238, 10439 (Russia 3321-2921 calBCE)
Ernica (R1bla2alb) PF6505, 10805 (Germany 2467-2142 calBCE)
PF6509, RISE47 (Denmark 1499-1324
CTS5981 calBCE)
1A R474 Civitavecchia [700-600 BCE |J-M12 M172, M12, 14331 (Croatia 1631-1521 calBCE)
(J2b) M314
IA R435 Palestrina  |600-200 BCE |R-P312 M173, P238, 10443 (Russia 3300-2700 BCE)
Colombella (R1bla2ala2) | L278,M269, RISES63 (Germany 2572-2512
CTS8591, P311, | calBCE)
P312 RISE566 (Czech 2279-2033 calBCE)
RISE98 (Sweden 2275-2032 calBCE)
TV3831 (Portugal 1750-1510 calBCE)
IA R437 Palestrina  [400-200 BCE |R-P312 M207, P238, 10443 (Russia 3300-2700 BCE)
Selciata (R1bla2ala2) | M173, M269, RISES63 (Germany 2572-2512

CTS8591, P311,
P312

calBCE)

RISE566 (Czech 2279-2033 calBCE)
RISE98 (Sweden 2275-2032 calBCE)
TV3831 (Portugal 1750-1510 calBCE)
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Table S6. Summary of ROH segments of 5SMb or longer in ancient Italian individuals

Sample ID |Total length of ROH (Mb) |Length of the longest ROH (Mb) Number of ROH >5Mb

R7 256.6 24.8 26
R1015 157.0 15.4 21
R473 85.2 324 7
R474 47.8 8.8 6
R15 442 7.6 7
R11 322 7.8 5
R1286 12.0 12.0 1
R973 11.0 5.6 2
R2 10.0 10.0 1
R80 9.6 9.6 1
R3 8.2 8.2 1
R121 7.4 7.4 1
R1 7.0 7.0 1
R435 6.8 6.8 1
R18 6.0 6.0 1
R56 5.8 5.8 1
R65 5.6 5.6 1
R110 5.4 5.4 1
R10 5.0 5.0 1
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Table S7. Working 2-way admixture models for Neolithic individuals from central Italy (RMPR NE)

INested p-value
Prop.1 Prop.2 for RMPR_ME
Target Source 1 Source 2 dof |Chisq p-value |(SE) (SE) component
RMPR_NE RMPR_ME [Greece N 0.043 0.957
(10, 402871) (3, 402697) (3,398289) 15 11.78410.695 (0.007) (0.007) 4.84E-10
Croatia_Starcevo
RMPR_NE RMPR ME |LN 0.028 0.972
(10, 402871) (3, 402697) (1,294565) 15 14706 (0.473 (0.011) (0.011) 0.0147
Anatolia N Bonc
RMPR_NE RMPR_ME  [uklu.SG 0.030 0.970
(10, 402871) (3, 402697) (4, 383699) 15 16.202 [0.369 (0.010) (0.010) 0.00252
RMPR_NE RMPR_ME [Macedonia N (I, 0.073 0.927
(10, 402871) (3, 402697) 343544) 15 |17.727 [0.277 (0.009) (0.009) 5.28E-14
RMPR_NE RMPR_ME |Serbia EN 0.035 0.965
(10, 402871) (3, 402697) (5,382370) 15 ]23.358 0.077 (0.007) (0.007) 3.23E-06
RMPR_NE RMPR_ME |Serbia N 0.032 0.968
(10, 402871) (3, 402697) (1, 74328) 15 |24.141 [0.063 (0.007) (0.007) 1.28E-05
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Table S8. Working 1-way models for Copper Age individuals from central Italy (RMPR CA)

Target Source 1 dof Chisq p-value
RMPR CA Bulgaria_Dzhulyunitsa N

(3,402376) (1,94162) 16 26.613 0.046
RMPR_CA RMPR_CA_Sar

(3, 402376) (7,399185) 16 26.889 0.043
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Table S9. Significant admixture signals for Copper Age individuals from central Italy based on tests in
the form of 3(RMPR_CA; RMPR _NE, test population). A significant negative f3 statistic indicates
admixture signal with the test population.

Test population

13

SE

Z-score

Number of sites
used

p-value after Bonferroni
correction

RMPR_ME

-0.006492

0.001532

-4.238

254634

0.00262
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Table S10. Significant results in f# tests in the form of f(RMPR _CA, RMPR NE; test population, Onge).
A significant positive f# statistic indicates that Copper Age central Italians share more alleles with the test

opulation than Neolithic A

e individuals do.

p-value after

Number of |Bonferroni
Test population | f+ SE z-score |BABA ABBA (sites used [correction
RMPR_ME 0.002251 0.000369 6.108 21953 21048 402201|1.170e-07
WHG 0.001851 0.000370 5.002 21706 20963 400947|6.582¢-05
LaBranal 0.001936 0.000401 4.826 18847 18170 34958410.000162
Serbia_Iron_Gates_ HG 0.001291 0.000283 4.564 21726 21208 401096]0.000582
Italy_Villabruna 0.001878 0.000420 4.467 18579 17939 340751{0.000920
Latvia_ HG 0.001246 0.000298 4.183 20813 20333 385356(0.00334
NW_Iberia_Meso 0.001610 0.000395 4.078 19139 18568 354891(0.00527
Romania_Iron_Gates_ HG 0.001286 0.000318 4.051 21625 21109 400783]0.00592
KOl 0.001748 0.000433 4.038 15662 15160 28707310.00625
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Table S11. Working 2-way admixture models for Copper individuals from central Italy (RMPR_CA)

under model competition with N Iberia MLN added to the “right” set.

Prop.1 Prop.2

Target Source 1 Source 2 dof Chisq p-value (SE) (SE)
RMPR CA
(3, 402376) RMPR_NE NE Iberia CA 0.618 0.382

(10, 402871) (1, 242452) 16 13.884 0.607 (0.048) (0.048)
RMPR CA RMPR NE Iberia C 0.625 0.375
(3,402376) (10, 402871) (40, 404079) 16 16.982 0.387 (0.040) (0.040)
RMPR _CA RMPR NE N_Iberia CA 0.672 0.328
(3, 402376) (10, 402871) (7, 368546) 16 18.068 0.320 (0.036) (0.036)
RMPR_CA RMPR _NE RMPR_CA_Sar 0.267 0.733
(3, 402376) (10, 402871) (7,399185) 16 18.727 0.283 (0.094) (0.094)
RMPR CA RMPR NE Ireland MN.SG 0.476 0.524
(3,402376) (10, 402871) (1,404027) 16 22.529 0.127 (0.091) (0.091)
RMPR CA RMPR NE SE Iberia MLN 0.539 0.461
(3,402376) (10, 402871) (1, 358265) 16 23.441 0.102 (0.054) (0.054)
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Table S12. Working 1-way models for Iron Age individuals from central Italy (RMPR IA)

Target Source 1 dof Chisq p-value
RMPR_IA Croatia_Early ITA
(11, 402869) (1,292206) 16 20.427 0.202
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Table S13. Significant admixture signals for Iron Age individuals from central Italy based on tests in the
form of f3(RMPR_IA; RMPR_CA, test population). A significant negative f3 statistic indicates admixture

signal with the test population.

Number of [p-value after Bonferroni
Test population f3 SE z-score sites used  |correction

Russia Yamnaya Samara -0.009213| 0.000714 -12.897 294241 5.80E-36
Russia_Okunevo BA.SG -0.009637| 0.000771 -12.500 304967 9.26E-34
Russia_Yamnaya Kalmykia.SG -0.009471| 0.000831 -11.399 281374 5.24E-28
Steppe_Eneolithic -0.010791| 0.001151 -9.375 196980 8.58E-19
Russia_IA.SG -0.006878| 0.000940 -7.320 285973 3.07E-11
Germany Corded Ware -0.005242| 0.000740 -7.087 289918 1.70E-10
Estonia_Corded_Ware.SG -0.005145| 0.000817 -6.297 281969 3.76E-08
Greenland Saqqaq.SG -0.008079| 0.001289 -6.266 270816 4.59E-08
Moldova Cimmerian.SG -0.006507| 0.001134 -5.740 185291 1.17E-06
England Bell Beaker -0.003214| 0.000565 -5.687 309761 1.60E-06
Czech_Corded Ware -0.006159| 0.001086 -5.669 219778 1.78E-06
Poland EBA -0.004547| 0.000836 -5.441 283880 6.57E-06
Turkmenistan IA.SG -0.006711| 0.001267 -5.298 232626 1.45E-05
Netherlands Bell Beaker -0.003600| 0.000724 -4.971 265969 8.26E-05
Ukraine Scythian.SG -0.004792| 0.001016 -4.715 266281 3.00E-04
Lithuania BA -0.005543| 0.001203 -4.608 155271 5.04E-04
Latvia BA -0.003209| 0.000722 -4.447 288506 0.0011
Scotland CA EBA -0.003295| 0.000771 -4.275 259220 0.0024
Armenia LBA -0.004836| 0.001186 -4.077 138438 0.0057
Armenia_LchashenMetsamor.SG -0.004425| 0.001139 -3.884 208824 0.0127
Ireland BA.SG -0.003207| 0.000857 -3.744 286883 0.0225
Armenia C -0.002895| 0.000797 -3.635 268736 0.0345
Bulgaria MLBA -0.004573| 0.001261 -3.628 204533 0.0354
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Table S14. Significant results in f2 tests in the form of fA(RMPR _IA, RMPR_CA,; test population, Onge).
A significant positive f# statistic in this test indicates that Iron Age central Italians share more alleles with
the test population than Copper Age individuals do.

p-value after
Number of  |Bonferroni

Test population | f+ SE Z-score BABA ABBA sites used correction
Russia_Okunevo BA.SG |0.001098 0.000235  [4.679 21048 20607 402263 0.000357
Steppe Eneolithic 0.001641 0.000359 |4.577 15342 14881 280992 0.000585
Russia_Yamnaya Samar
a 0.000987 0.00026 3.794 21751 21357 399270 0.0184
Russia_Yamnaya Kalmy
kia.SG 0.001035 0.000286 |3.616 21299 20894 391193 0.0371
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Table S15. Working 2-way models for Iron Age individuals from central Italy (RMPR IA)

Prop.1 Prop.2
Target Source 1 Source 2 dof |[Chisq p-value ((SE) (SE)
RMPR [A RMPR CA Turkmenistan IA.SG 0.575 0.425
(11, 402869) (3,402376) (1,337292) 15 17.451 0.292 (0.019) (0.019)
RMPR_TA RMPR_CA Russia_Afanasievo.SG 0.649 0.351
(11, 402869) (3,402376) (2,205779) 15 18.143  [0.255 (0.014) (0.014)
RMPR _TA RMPR_CA Moldova_Scythian.SG 0.289 0.711
(11, 402869) (3,402376) (7, 382478) 15 19.06 0.211 (0.027) (0.027)
RMPR_IA RMPR_CA Russia_Yamnaya Kalmykia.SG 0.700 0.300
(11, 402869) (3, 402376) (6,392837) 15 19.672  [0.184 (0.011) (0.011)
RMPR_IA RMPR_CA Russia_Late Sarmatian.SG 0.621 0.379
(11, 402869) (3,402376) (5,388147) 15 20.623  10.149 (0.014) (0.014)
RMPR TA RMPR _CA Hungary Prescythian IA.SG 0.472 0.528
(11, 402869) (3,402376) (1,273636) 15 21.814 [0.112 (0.025) (0.025)
RMPR T1A RMPR_CA Russia_Poltavka 0.698 0.302
(11, 402869) (3, 402376) (4,396233) 15 22.013 [0.107 (0.012) (0.012)
RMPR TA RMPR CA Russia_Yamnaya Samara 0.693 0.307
(11, 402869) (3, 402376) (9, 400976) 14 21.285 ]0.0945 (0.013) (0.013)
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Table S16. gpAdm modeling of each Iron Age individual as mixture of preceding Copper Age ancestry
pe-related ancestry (Russia_Yamnaya Samara

(RMPR CA) and Step

Prop.1 Prop.2
Target |Source 1 Source 2 dof Chisq p-value (SE) (SE)
RMPR CA Russia_Yamnaya Samara 0.729 0.271
R1015  |(3,402376) (9, 400976) 14 8.436 0.865 (0.030) (0.030)
RMPR_CA Russia_Yamnaya Samara 0.757 0.243
R851 (3, 402376) (9, 400976) 14 13.684 0.474 (0.029) (0.029)
RMPR CA Russia_Yamnaya Samara 0.664 0.336
R474 (3, 402376) (9, 400976) 14 14.176 0.437 (0.029) (0.029)
RMPR _CA Russia_Yamnaya Samara 0.650 0.350
R1 (3,402376) (9, 400976) 14 17.325 0.239 (0.027) (0.027)
RMPR_CA Russia_Yamnaya Samara 0.712 0.288
R473 (3,402376) (9, 400976) 14 18.807 0.172 (0.037) (0.037)
RMPR CA Russia_Yamnaya Samara 0.749 0.251
R1016 |(3,402376) (9, 400976) 14 20.848 0.106 (0.033) (0.033)
RMPR CA Russia_Yamnaya Samara 0.715 0.285
R1021  |(3,402376) (9, 400976) 14 20.983 0.102 (0.031) (0.031)
RMPR_CA Russia_Yamnaya Samara 0.624 0.376
R435 (3, 402376) (9, 400976) 14 21.062 0.100 (0.030) (0.030)
RMPR CA Russia_Yamnaya Samara 0.725 0.275
R437 (3, 402376) (9, 400976) 14 38.376| 4.55E-04 (0.028) (0.028)
RMPR CA Russia_Yamnaya Samara 0.704 0.296
R850 (3, 402376) (9, 400976) 14 60.787| 8.53E-08 (0.028) (0.028)
RMPR_CA Russia_Yamnaya Samara 0.754 0.246
R475 (3,402376) (9, 400976) 14 107.992| 1.37E-16 (0.027) (0.027)
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Table S17. Working 1-way and 2-way models for Iron Age individual R437

Prop.1 Prop.2
Target Source 1 Source 2 dof |Chisq p-value (SE) (SE)
R437 Croatia_Early IA
(1,326478)  |(1,292206) - 16 |21301  |0.167 - -
R437 RMPR _CA Armenia LBA
(1, 326478) (3, 402376) (5, 199919) 15 15.225 0.435 0.467 0.533
R437 RMPR _CA Anatolia TA.SG (2,
(1,326478)  |(3,402376) 196601) 15 22.29 0.100 0.396 0.604
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Table S18. Working 1-way and 2-way models for Iron Age individual R850

Prop.1 Prop.2
Target Source 1 Source 2 dof Chisq p-value (SE) (SE)
R850 Anatolia C
(1, 228460) (1, 208021) -- 16 25.541 0.0608 -- --
R850 RMPR CA Armenia LBA
(1, 228460) (3, 402376) (5, 199919) 15 16.524 0.348 0.373 0.627
R850 RMPR _CA Anatolia TA.SG (2,
(1, 228460) (3,402376) 196601) 15 22.234 0.102 0.237 0.763
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Table S19. Working models for Iron Age individual R475

Prop.1 Prop.2 Prop.3
Target Source 1 Source 2 Source 3 dof |Chisq |p-value [(SE) (SE) (SE)
Russia_Yamnay
R475 RMPR CA [|a Samara Morocco LN 0.309 0.161 0.531
(1,304539) |(3,402376) |(9,400976) (3,96211) 13 23.112 |0.0404 |(0.048) (0.023)  [(0.053)
Russia_Yamnay
R475 RMPR CA [|a Samara Mota 0.699 0.109 0.192
(1,304539) |(3,402376) |(9,400976) (1,403973) 12 121.974 ]0.0378 |(0.026) (0.031) [(0.023)
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Table S20. Significant results in f# tests in the form of f((RMPR IR, RMPR _IA; test population, Onge).
A significant positive f statistic in this test indicates that Imperial individual from central Italy share more

alleles with the test population than Iron Age individuals do.

p-value after

Number of |Bonferroni
Test population | f+ SE Z-score BABA |(ABBA sites used |correction
Jordan_EBA 0.000724 0.000171  |4.225 17980 17749 320398 0.000741
South_Africa 2000BP.SG 0.000599 0.000172  |3.481 22613 22371 402857 0.0155
Yemenite_Jew 0.000600 0.000144  |4.179 22466 22224 402868 0.00211
Yemeni 0.000524 0.000133  13.950 22365 22153 402868 0.00563
BedouinA 0.000473 0.000126  |3.740 22403 22212 402868 0.0132
BedouinB 0.000492 0.000136  |3.627 22452 22254 402868 0.0206
Balochi 0.000434 0.000121 3.601 21890 21715 402868 0.0228
Saudi 0.000493 0.000140 |3.513 22429 22230 402868 0.0319
Iranian 0.000423 0.000122  |3.457 22211 22040 402868 0.0393

Italic fonts indicate modern populations.
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Table S21. Significant admixture signals for Imperial individuals from central Italy based on tests in the
form of f3(RMPR_IR; RMPR IA, test population). A significant negative f3 statistic indicates admixture
signal with the test population.

Test population

Number of sites

p-value after Bonferroni

f3 SE z-score used correction
Jordan_EBA -0.002309 0.000393 -5.868 266647 1.37E-07
South_Africa 2000BP.S
G -0.002125 0.000507 -4.190 353608 0.000865
Lebanon_Canaanite MB
A.SG -0.001231 0.000334 -3.691 334355 0.00692
Iran_IA.SG -0.002184 0.000633 -3.449 290910 0.0174

90




Table S22. Working 2-way models for central Italians in the Imperial Rome period (RMPR IR)

Prop.1 |Prop.2 Outgroup

Target Source 1 Source 2 dof |Chisq p-value ((SE) (SE) set

RMPR IR RMPR _TA Cypriot 0.178 0.822

(48,402898) [(11,402869) (8,404087) 15 19.136 0.208 (0.031) 1(0.031) ANC17
RMPR IR RMPR TA Cypriot 0.210 0.790

(48,402898) [(11, 402869) (8,404087) 16 |19.36 0.250 (0.022) |(0.022) MOD18
RMPR IR RMPR TA Anatolia. MLBA.SG 0.197 0.803

(48,402898) [(11,402869) (5, 387406) 16  16.277 0.433 (0.034) 1(0.034) MODI18
RMPR IR RMPR _TA Iraqi_Jew 0.424 0.576

(48,402898) [(11,402869) (10, 404087) 16 |28.752 0.0257 (0.015) 1(0.015) MOD18
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Table S23. Significant results in f2 tests in the form of f(RMPR_LA, RMPR_IR; test population, Onge).
A significant positive f statistic in this test indicates that Late antiquity individuals from central Italy
share more alleles with the test population than Imperial individuals do, and vice versa for negative f
statistics.

p-value after

Number of [Bonferroni
Test population f4 SE z-score |BABA ABBA ([sites used |correction
Sweden_Viking.SG 0.000531 0.000097 5.449 22402 22188 (402881 1.570e-06
England_Saxon.SG 0.000531 0.000100 5.283 22409 22196  |402877 3.940e-06
England Roman.SG 0.000541 0.000103 5.232 22417 22199 (401960 5.198e-06
E Iberia IA 0.000521 0.000112 4.656 20178 19991 |359597 9.9957e-05
Germany_Early Medieval.SG 0.000443  0.000097 4.566 22348 22169 |402779 0.000154
Russia_Tagar.SG 0.000428  0.000101 4.237 21802 21631 (400967 0.000702
England IA.SG 0.000473  10.000114 4.138 22406 22216 (402720 0.00109
NE_Iberia_c.6-8CE_ES 0.000558  [0.000135 4.137 13910 13771 1249106 0.00109
Hungary Langobard 0.000367  |0.000095 3.855 21992 21847 (394303 0.00359
N_Iberia IA 0.000500  {0.000132 3.795 19023 18853  [339230 0.00458
Hungary Langobard.SG 0.000347  {0.000098 3.537 22374 22234 402885 0.0125
Sweden_IA.SG 0.000545  ]0.000157 3.463 13658 13523  |247116 0.0166
NE_Iberia_c.6CE_PL 0.000409  10.000120 3.408 17505 17377 |313146 0.0203
Ukraine_Scythian.SG 0.000426  |0.000129 3.296 21143 20981 379887 0.0304
Lithuanian 0.000611  {0.000094 6.514 22379 22133 (402889 5.269¢-09
Norwegian 0.000589  10.000094 6.287 22427 22189 [402889 2.330e-08
Finnish 0.000541 0.000089 6.066 22169 21951 (402889 9.442¢-08
Icelandic 0.000571 0.000095 6.032 22406 22176 (402889 1.166e-07
Estonian 0.000551  ]0.000095 5.790 22339 22117 402889 5.068e-07
Orcadian 0.000529  {0.000094 5.622 22411 22198 (402889 1.359¢-06
Russian 0.000493  {0.000092 5.381 22217 22018 |402889 5.333e-06
British 0.000477  |0.000089 5.356 22335 22143 (402889 6.126e-06
Mordovian 0.000501 0.000094 5.306 22245 22044 (402889 8.068e-06
Belarusian 0.000484  0.000096 5.057 22346 22151 |402889 3.067e-05
Ukrainian 0.000477  {0.000095 5.042 22367 22175 (402889 3.317e-05
French 0.000441 0.000090 4913 22445 22268 (402889 6.458e-05
Basque 0.000429  {0.000092 4.670 22501 22329 1402889 0.000217
Spanish_North 0.000467  |0.000102 4.571 22494 22306 402889 0.000349
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Czech 0.000425  10.000095 4.498 22425 22254 (402889 0.000494
Hungarian 0.000402  10.000091 4.416 22409 22247 (402889 0.000724
Chuvash 0.000331 0.000090 3.681 21893 21760 (402889 0.0167
Croatian 0.000333 0.000095 3.514 22401 22267 (402889 0.0318
Spanish 0.000313 0.000090 3.459 22449 22323 402889 0.0390
Palestinian -0.00031 0.000090 -3.434 22312 22437 (402889 0.0428

Italic fonts indicate modern populations.

Table S24. Working 2-way models for central Italian individuals in Late Antiquity (RMPR LA)

Prop.1 Prop.2
Target Source 1 Source 2 dof Chisq p-value ((SE) (SE)
RMPR LA RMPR IR Germany Late Roman.SG 0.593 0.407
(24, 402894) (48, 402898) (1,379470) 16 21.219 ]0.170 (0.030) (0.030)
RMPR LA RMPR IR Central Italy 0.157 0.843
(24, 402894) (48, 402898) (50, 404087) 16 19.075  [0.265 (0.034) (0.034)
RMPR_LA RMPR_IR Basque 0.625 0.375
(24, 402894) (48, 402898) (29, 404087) 15 19.45 0.194 (0.016) (0.016)
RMPR_LA RMPR_IR Bergamo 0.465 0.535
(24, 402894) (48, 402898) (12, 404087) 16 26.468 0.0478 (0.024) (0.024)
RMPR LA RMPR IR Northern_Italy 0.445 0.555
(24, 402894) (48, 402898) (147, 404087) 16 26.812  0.0436 (0.021) (0.021)

Italic fonts indicate modern populations.
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Table S25. Significant admixture signals for Medieval and early modern individuals from central Italy
based on tests in the form of 3(RMPR_LA; RMPR_MD, test population). A significant negative f3
statistic indicates admixture signal with the test population.

number of sites

p-value after Bonferroni

Test population f3 SE z-score used correction
Sweden_Viking.SG -0.000707 0.000197 -3.594(337198 0.0101
Hungary Langobard.SG -0.000711 0.000198 -3.587(334776 0.0104
England_Saxon.SG -0.000692 0.000218 -3.174(333848 0.0466
Finnish -0.000867 0.000157 -5.505(347306 2.658¢-06
Chuvash -0.000947 0.000191 -4.952(342236 5.289¢-05
British -0.000672 0.000136 -4.924(345825 6.105e-05
Estonian -0.000931 0.000189 -4.924(338273 6.105e-05
Russian -0.000694 0.000164 -4.237(344568 0.00163
Lithuanian -0.000797 0.000189 -4.223(337945 0.00174
Icelandic -0.000659 0.000184 -3.580(338435 0.0247

Italic fonts indicate modern populations.
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Table S26. Working 2-way models for central Italian individuals in the Middle Ages and later

(RMPR MD)

Prop.1 Prop.2
Target Source 1 Source 2 dof Chisq p-value ((SE) (SE)
RMPR_MD RMPR_LA Germany_Early Medieval_refine 0.806 0.194
(28, 402895) (24,402894) |d (17,402345) 16 6.464 0.982 (0.020) (0.020)
RMPR_MD RMPR_LA Germany_Early Medieval.SG 0.775 0.225
(28, 402895) (24, 402894) |(27,403968) 16 6.734 0.978 (0.022) (0.022)
RMPR_MD RMPR_LA Sweden_Viking.SG 0.845 0.155
(28, 402895) (24,402894) [(22,404073) 16 7.825 0.954 (0.015) (0.015)
RMPR MD RMPR LA England Saxon.SG 0.817 0.183
(28, 402895) (24,402894)  [(8, 404065) 16 8.670 0.926 (0.018) (0.018)
RMPR MD RMPR LA Hungary Langobard refined (11, 0.819 0.881
(28, 402895) (24, 402894) 1404079) 16 8.894 0918 (0.018) (0.018)
RMPR MD RMPR LA Hungary Langobard.SG 0.756 0.244
(28, 402895) (24, 402894)  [(9, 404070) 16 9.673 0.883 (0.024) (0.024)
RMPR _MD RMPR LA England Roman.SG 0.811 0.189
(28, 402895) (24,402894) [(6,403143) 16 9.747 0.880 (0.019) (0.019)
RMPR_MD RMPR LA Sweden_Viking_ refined (5, 0.858 0.142
(28, 402895) (24,402894) [386951) 16 10.148  ]0.859 (0.015) (0.015)
RMPR_MD RMPR LA Italy Langobard refined (9, 0.810 0.190
(28, 402895) (24, 402894) |392345) 16 11.019 [0.808 (0.020) (0.020)
RMPR_MD RMPR_LA NE _Iberia_c.6CE_PL 0.712 0.288
(28, 402895) (24,402894) [(9,314121) 16 11.673  ]0.766 (0.034) (0.034)
RMPR _MD RMPR LA Orcadian 0.806 0.194
(28, 402895) (24,402894) [(13,404087) 16 6.250 0.985 (0.019) (0.019)
RMPR_MD RMPR LA Czech 0.808 0.192
(28, 402895) (24, 402894) |(10, 404087) 16 6.853 0.976 (0.019) (0.019)
RMPR_MD RMPR_LA Lithuanian 0.872 0.128
(28, 402895) (24, 402894) |(10, 404087) 16 7.143 0.970 (0.013) (0.013)
RMPR_MD RMPR LA Norwegian 0.823 0.177
(28, 402895) (24,402894) [(11,404087) 16 7.356 0.966 (0.017) (0.017)
RMPR MD RMPR LA Icelandic 0.826 0.174
(28, 402895) (24,402894) [(12,404087) 16 8.761 0.923 (0.017) (0.017)
RMPR_MD RMPR_LA Scottish 0.817 0.183
(28, 402895) (24, 402894) |(1,403205) 16 8.94 0916 (0.022) (0.022)
RMPR _MD RMPR LA Hungarian 0.786 0.214
(28, 402895) (24, 402894) [(20, 404087) 16 9.248 0.903 (0.021) (0.021)
RMPR_MD RMPR LA Estonian 0.874 0.126
(28, 402895) (24,402894) [(10,404087) 16 9.466 0.893 (0.013) (0.013)
RMPR MD RMPR LA Croatian 0.748 0.252
(28, 402895) (24, 402894) |(10, 404087) 16 9.791 0.877 (0.025) (0.025)
RMPR_MD RMPR_LA British 0.801 0.199
(28, 402895) (24, 402894) (92, 404087) 16 9.791 0.877 (0.019) (0.019)
RMPR_MD RMPR_LA French 0.759 0.241
(28, 402895) (24, 402894) [(54, 404087) 16 10.383  ]0.846 (0.023) (0.023)
RMPR _MD RMPR LA Belarusian 0.857 0.143
(28, 402895) (24,402894) [(10,404087) 16 11.608 10.770 (0.015) (0.015)
RMPR_MD RMPR_LA Ukrainian 0.844 0.156
(28, 402895) (24,402894) |(10,404087) 16 11.611 0.770 (0.016) (0.016)
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RMPR_MD RMPR LA Bulgarian 0.621 0.379
(28, 402895) (24,402894) [(10,404087) 16 15436 [0.493 (0.040) (0.040)
RMPR_MD RMPR LA Finnish 0.887 0.113
(28, 402895) (24, 402894)  [(99, 404087) 16 22.654 ]0.123 (0.012) (0.012)
RMPR _MD RMPR LA Russian 0.910 0.090
(28, 402895) (24, 402894) [(22,404087) 15 23.837  {0.0679 (0.016) (0.016)
RMPR _MD RMPR LA Mordovian 0.884 0.116
(28, 402895) (24, 402894) [(10,404087) 16 28.373  [0.0285 (0.014) (0.014)

Italic fonts indicate modern populations. Groups with the label “refined” represent subsets of the original samples,
who form more genetically homogenous populations (based on PCA location).
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Table S27. Significant genetic outliers for each time period identified by f« statistics

p-value after

Bonferroni
Time period Sample ID |Site Ancestry Z-score |correction
Neolithic R6 Grotta Continenza WHG 4.656 1.93E-04
Iron Age R475 Civitavecchia Morocco_Iberomaurusian 5.257 9.66E-06
Imperial R37 Isola Sacra WHG 9.347 <1E-12
Imperial R116 Via Paisiello WHG 7.750 2.57E-12
Imperial R8O Viale Rossini Morocco_Iberomaurusian 7.494 1.84E-11
Imperial R132 Marcellino & Pietro Morocco_Iberomaurusian 7.517 1.51E-11
Late Antiquity R31 Mausoleo di Augusto WHG 6.280 4.88E-08
Late Antiquity R104 Crypta Balbi Anatolia N 5.807 8.78E-07
Late Antiquity R106 Crypta Balbi WHG 5.589 3.01E-06
Medieval and early
modern R64 Villa Magna WHG -5.627* 2.57E-06
Medieval and early
modern R1286 Cancelleria Natufian -4.564* 8.13E-04

* A negative z-score indicates that the test sample carries less of the corresponding ancestry than their

contemporaries do.
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Table S28. Working

ipAdm models for genetic outliers in each time period

Time Prop.1  (Prop.2
period Sample ID |Source 1 Source 2 dof Chisq |p-value (SE) (SE)
Imperial 5133239 591) RMPR IR core Algerian 0.543 0.457
’ (44, 402895) (7,404087) 16 23.333 |0.105 (0.035)  [(0.035)
RMPR IR core Mozabite 0.545 0.455
(44, 402895) (21, 404087) 16 26.008 0.054 (0.034)  ((0.034)
RMPR_IR_core Tunisian 0.499 0.501
(44, 402895) (8,404087) 16 26.331 ]0.050 (0.038)  [(0.038)
Canary_Islands_Gua
RMPR IR core nche mummy.SG 0.477 0.523
(44, 402895) (5, 401795) 16 17.685 0.343 (0.039)  ((0.039)
RMPR IR core C Iberia CA Afr 0.501 0.499
(44, 402895) (1, 244679) 16 19.315 [0.253 (0.040)  [(0.040)
Imperial ﬁgg 63278) [RMPRIR core  |Moroceo LN 0453 |0.547
’ (44, 402895) (3,96211) 16 9.658 10.884 (0.060)  [(0.060)
RMPR IR core C Iberia CA_Afr 0.684 0.316
(44, 402895) (1,244679) 16 15.468 0.491 (0.036)  [(0.036)
Canary_Islands_Gua
RMPR IR core nche mummy.SG (5, 0.694 0.306
(44, 402895) 401795) 16 22.719 10.121 (0.034) ((0.034)
Imperial |R116 French
(1,291967) |(54,404087) - 17 11.421 [0.834 1 --
Imperial |R37 Basque
(1,271897) |(29, 404087) - 16 11.062 [0.806 1 --
Late R106 French
Antiquity (1, 291306) |54 404087 - 17 25144 [0.092 1 -
Scottish
(1, 403205) - 17 19.586 [0.296 1 --
British
(92, 404087) - 17 22.674 10.160 1 --
RMPR_LA core |Icelandic 0.258 0.742
(21, 402893) (12, 404087) 16 17.718 0.341 (0.066)  [(0.066)
RMPR_LA core |Orcadian 0.193 0.807
(21, 402893) (13, 404087) 16 19.749 [0.232 (0.072)  [(0.072)
RMPR LA core 0.200 0.800
(21, 402893) Czech (10, 404087) (16 21.278 |0.168 (0.075)  [(0.075)
RMPR_LA core |Norwegian 0.273 0.727
(21, 402893) (11, 404087) 16 25.105 |0.068 (0.066)  [(0.066)
Late R31 Scottish
Antiquity |(1, 366364) |(1,403205) - 17 13.283 [0.717 1 --
British
(92, 404087) - 17 21.378 10.210 1 --
Czech
(10, 404087) - 17 23.447 |0.135 1 --
Orcadian
(13, 404087) - 17 26.043 |0.074 1 --
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Late R104 Sardinia

Antiquity (1, 258740) | 5} "404087) — 17 20.637 [0.243 1 -
Sardinian
(27, 404087) - 17 21.058 ]0.176 1 --

Medieval |R64 Italian_South

and early |(1,365079) (4, 403969) - 17 17.854 10.398 1 -

modern
Southern_Italy
(72, 404087) - 17 24.888 0.097 1 --
RMPR_MD core |Cypriot 0.577 0.423
(26, 402895) (8, 404087) 16 19.474 10.245 (0.090)  [(0.090)
RMPR MD core |Druze 0.685 0.315
(26, 402895) (39, 404087) 16 21.470 |0.161 (0.068)  [(0.068)
Croatian

Medieval |R1286 (10, 404087) - 17 15433 [0.564 1 -

and early |(1, 293660) -

modern Hungarian
(20, 404087) - 17 17.978 [0.390 1 --
French
(54, 404087) - 17 16.784 10.469 1 --
RMPR_MD core |Norwegian 0.364 0.636
(26, 402895) (11, 404087) 16 9.383  |0.897 (0.083)  [(0.083)
RMPR MD core |Scottish 0.297 0.703
(26, 402895) (1, 403205) 16 10.083 [0.862 (0.110)  [(0.110)
RMPR MD core [Orcadian 0.305 0.695
(26, 402895) (13, 404087) 16 12.824 10.686 (0.097)  [(0.097)
RMPR MD core |Icelandic 0.385 0.615
(26, 402895) (12, 404087) 16 12.946 [0.677 (0.082)  [(0.082)
RMPR_MD core |British 0.270 0.730
(26, 402895) (92, 404087) 16 13.626 0.627 (0.099)  [(0.099)
RMPR_MD core |Czech 0.323 0.677
(26, 402895) (10, 404087) 16 14.687 10.548 (0.096)  [(0.096)
RMPR MD core |Lithuanian 0.590 0.410
(26, 402895) (10, 404087) 16 17.990 10.324 (0.059)  [(0.059)
RMPR MD core [Estonian 0.600 0.400
(26, 402895) (10, 404087) 16 18.385 10.302 (0.057)  [(0.057)
RMPR MD core |Ukrainian 0.493 0.507
(26, 402895) (9, 404087) 16 20.456 0.200 (0.075)  [(0.075)
RMPR_MD core (Belarusian 0.543 0.457
(26, 402895) (10, 404087) 16 21.337 ]0.166 (0.068)  [(0.068)
RMPR_MD core |Finnish 0.644 0.356
(26, 402895) (99 404087) 16 21.779 10.150 (0.052)  [(0.052)
RMPR MD core |Mordovian 0.631 0.369
(26, 402895) (10, 404087) 16 25.968 10.054 (0.058)  [(0.058)
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