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SUMMARY

It has been unclear how Roman and later Germanic political control shaped the demography of Iberia and how
it differed from other parts of Europe. We report genetic data from 243 ancient individuals dating to 100–800 CE,
analyzed alongside 58 previously published individuals. In Roman times, we document an influx of people with
ancestry from the Eastern Mediterranean and an influx of North Africans, especially in the center and south.
Beginning in the 5th century, Germanic and Alan (Sarmatian) groups assumed political control. Although we
identify individuals with Central-Northern European-associated ancestry, including siblings buried →725 km
apart, the Hispano-Roman population remained continuous in Iberia. These demographic patterns contrast
sharply with those in Britain, where major demographic change followed Rome’s collapse, and with those in
the central Mediterranean, where both periods were associated with profound transformations. Together,
these findings highlight regional variation in admixture and continuity across post-Roman Europe.

INTRODUCTION

Rome became a Mediterranean power by the 3rd century BCE.
At its peak, it controlled the entire Mediterranean coastline and

significant territories on three continents.1 One of Rome’s
earliest major conquests was the Iberian Peninsula. Because
of its unique geographic position next to Africa, on the main
connection between the Atlantic and Mediterranean, and its
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rich natural resources, the peninsula held long-standing stra-
tegic importance. It attracted earlier civilizations, including the
Phoenicians, Greeks, and Carthaginians, who had established
trading colonies on its eastern shores.2

The Romans arrived in Iberia in the late 3rd century BCE dur-
ing the Second Punic War, while the last independent tribes in
the northwest submitted to Roman rule during Augustus’s Can-
tabrian Wars.3 The Romans heavily exploited the peninsula’s
resources, including especially metal and minerals, as well as
agricultural products and manpower.1 Roman control weak-
ened during the migration period of the 5th century CE,4,5

with Alans (Sarmatians), Vandals, and Suebi arriving by 409
CE. The Suebi established a kingdom in 411 CE in the north-
west, which lasted until 585 CE,4,5 while the Romans recovered
some control over the peninsula in 429 CE after the Vandals
and Alans crossed the Strait of Gibraltar into North Africa.
The Visigothic kingdom, established by 507 CE, ruled until
the Muslim conquests of the 8th century,6 and it exerted an

enduring influence on the Hispanic kingdoms’ identity during
the medieval period.

The era of Roman control profoundly changed linguistic, cul-
tural, religious, and legal landscapes.1 With the exception of
the Proto-Basque language, all the Paleohispanic languages
became extinct by the first century CE7 and were replaced by
Latin, whose daughter languages are still widely spoken in the
region. Hispania became a core province within the Roman
Empire, producing several Roman emperors, including Trajan,
Hadrian, and Theodosius I. Germanic kingdoms during late an-
tiquity (ca. 5th–8th centuries CE) sometimes portrayed them-
selves as the inheritors of Roman rule, and aspects of Roman
administration and governance continued to function under the
new rulers; for instance, the Visigothic kingdom created a hybrid
legal system deeply influenced by Roman law.6

Whether the profound cultural and political transformations
associated with Roman rule and the migration period were
accompanied by major population shifts remains debated.
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Ancient DNA studies in the city of Rome,8 the central Italian re-
gion,9 the British Isles,10 and the Danubian Balkans11 have re-
vealed substantial mobility from the Eastern Mediterranean
(where most major urban centers were located) during the impe-
rial period.8,9,11 By contrast, Iberia remains sparsely sampled for
this period,12,13 preventing a systematic genetic analysis of how
these processes unfolded at the western edge of the Roman
world.12 While historical estimates suggest that Germanic
groups arrived in relatively limited numbers in the peninsula (es-
timates have been proposed for ca. 100,000 Visigoths and
20,000 Vandals, Alans, and Suebi,14 compared with a proposed
local Iberian population of ca. 4 million15,16), their demographic
impact has not been evaluated using genomic data.

Here, we present new genome-wide data from 243 ancient in-
dividuals spanning four regions of the Iberian Peninsula. This
dataset allows us to access population structure and mobility
in Iberia between the Roman and late antique periods,
quantifying the demographic imprint of these transformative
centuries.

RESULTS

Data generation
We generated genome-wide data from 243 ancient individuals
(Table S1A; Data S1, section 2) through in-solution hybridization
enrichment with either the ‘‘1240k’’ panel of →1.2 million single-
nucleotide polymorphisms (SNPs)17,18 or the ‘‘Twist’’ panel, which
targets →1.4 million SNPs.19

The newly reported individuals were excavated from 31 archae-
ological sites (totaling 33 necropolises) (Figure 1A) dating from the
2nd to the 8th century CE (Figure 1B) and located in four main areas:
the southeastern coastal region of the peninsula, the northeastern
region around theancient provincial capital of Tarracoand the Ebro
River basin, the central Iberian plateau, and the ancient provincial
capital of Augusta Emerita in the southwestern interior (Figure 1A).
The sites span regions with varying degrees of Romanization and
diverse social contexts, including rural/urban, coastal/interior, and
cultural affiliations such as Hispano-Roman or Germanic. We high-
light 30 individuals from Corralón de Los Blanes at the Roman col-
ony and provincial capital Augusta Emerita (Figure 1A, location 20),
including 5 Roman-period and 25 Suebian or post-Suebian indi-
viduals, when the site briefly served as the Suebian capital (440
CE). We also analyzed 36 individuals from the late antique site of
Pla de l’Horta (Figure 1A, location 6) with possible Germanic mate-
rial influences20 and 32 dated to the Roman period from Cortijo
Coracho (Figure 1A, location 5), an early Christian basilica site in
Iberia.21

For genome-wide analysis, we retained 212 newly reported in-
dividuals who yielded more than 15,000 SNPs with overlapping
sequencing data and without signals of contamination: cytosine
deamination at the terminal nucleotide above 3%; a ratio of Y to
combined X + Y chromosome sequences below 0.03 or above
0.35; for male individuals with sufficient coverage, an X chromo-
some contamination estimate below 1.1% in the lower bound of
the 95% confidence interval; and an upper-bound rate for the
95% confidence interval for the rate to the consensus mitochon-
drial sequence above 5%. We generated 35 new radiocarbon
dates and retrieved an additional 32 from the literature.

A turn to extreme ancestry heterogeneity in the Roman
period
To qualitatively assess the genetic affinities of Roman and late
antique populations, we performed principal component anal-
ysis (PCA). We projected the newly reported ancient individuals
onto the two main principal components (PC1 and PC2)
computed based on patterns of genetic variation among 1,036
present-day West-Eurasian (WE) individuals (Figures 1C–1F)
genotyped on the Affymetrix Human Origins array.

Populations of Iberia became highly genetically heterogeneous
in the Roman period, as shown by their broad dispersal in PCAs
(Figures 1C–1F). Their high ancestry heterogeneity contrasts
with that of the previous Iberian Iron Age (IA) populations (n =
24)13,22–25 (Figures 1C–1F, blue polygon, and 2A; Table S1B).
Although IA genomes from Iberia are limited due to the predomi-
nance of cremation practices (see Limitations of the study), we
included all available high-quality individuals from this period
(n = 24) (Table S1B; Data S1, section 5.1), spanning non-Indo-Eu-
ropean-speaking east/south regions, Indo-European-speaking
north/west regions, and contact zones26 (Figures 1A, blue
asterisks, and S7; Data S1), capturing broad IA genetic diversity.
Previous studies indicate genomic continuity with late Bronze
Age populations, with perhaps an increased Central European
signal in Indo-European-speaking areas.13,25 The increased het-
erogeneity in IA versus Roman and late antique populations
(Figures 2A and 2B) is statistically significant. We computed
Euclidean distances of individuals (>20,000 SNPs, 1240k panel)
to their group centroid in PC1-PC2 WE space (Figures 2A
and 2B) and applied a Fligner-Killeen test for homogeneity of
variances, revealing significant differences in dispersion (p =
3.18 ↑ 10-5), indicating that the spread of genetic variation
differs between IA and Roman samples. We further compared dis-
tances of Roman-period individuals to IA versus Roman
centroids and observed a significant difference (Wilcoxon test,
p = 3.21 ↑ 10-6), consistent with an ancestry shift after Roman
colonization examined in subsequent sections. To test continuity,
we modeled the Roman population using the IA population as the
sole ancestry source (Data S1, section 5); the model showed an
extremely poor fit (p = 1.49 ↑ 10-179), rejecting direct genetic
continuity.

The increase in genetic heterogeneity remains evident when
the analysis is performed regionally and extended to include
late antique individuals. Specifically, three of the four sampled
regions (the Ebro River basin, southeast Iberia, and the central
Iberian plateau) show statistically significant increases in hetero-
geneity when comparing pre-Roman to Roman and late antique
individuals (p = 1.43↑ 10-3, 5.11↑ 10-4, and 9.48↑ 10-5, respec-
tively) (Figure 1A). At Augusta Emerita, although the trend points
to increased dispersion in PCA space relative to the IA, the
p value remains just above the nominal significance threshold
(p = 0.064), likely reflecting limited sample size.

Ancestry modeling using qpAdm quantifies this shift. During the
Roman period, only 6 out of 66 individuals (excluding close rela-
tives) can be modeled using Iberian IA populations as the sole
ancestry source (Table S3A). However, IA Iberian ancestry is pre-
sent in admixed form in most individuals, and even in late antiquity,
we still find 11 individuals (out of 190 post-Roman Iberian
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genomes) whose genomes are consistent with deriving all their
ancestry from local Iberian populations (Table S3A).

Population structure during late antiquity is remarkably
similar to that of Roman Iberia, with comparable ancestry het-
erogeneity (Figures 2B and 2C). Euclidean distances to group-
specific centroids show no significant difference in genetic vari-
ance between the Roman and the late antique periods in the
Ebro River basin, southeast Iberia, and Augusta Emerita (p =
0.30, 0.79, and 0.09, respectively), suggesting similar intra-

A

C D

E F

B Figure 1. Outline of the newly reported
ancient Iberian samples in this study
(A) Geographic distribution of archaeological sites

analyzed in this study, grouped into four regional

subdivisions: the Ebro River basin (red dotted

line), the central Iberian plateau (blue dotted line),

the southwestern city of Augusta Emerita (green

dotted line), and the southeastern coast (yellow

dotted line). Site numbers correspond to their

entries in Data S1. The main Roman roads are

shown in gray. Archaeological sites of the pub-

lished IA Iberian populations (Table S1B) used as a

local source in f-statistics analyses (Data S1,

section 5) are marked with cyan asterisks.

(B) Chronological distribution of all individuals

analyzed, dated by archaeological context or

direct radiocarbon dating and grouped by region.

Key historical events linked to Germanic migra-

tions are marked: the arrival of the Alans, Suebi,

and Vandals (green dotted line); the establishment

of the Suebian kingdom (orange); and the forma-

tion of the Visigothic kingdom (black).

(C–F) PCA of West-Eurasian (WE) genetic diversity

showing newly reported individuals projected

onto a reference panel, color-coded by region of

burial: (C) northeast Iberia and the Ebro River ba-

sin (red shades), (D) central Iberian plateau (blue),

(E) Augusta Emerita (green), and (F) southeast

Iberia (yellow). Previously published Andalusi-

period individuals (8th–15th centuries CE) are

marked with asterisks.13 Polygons indicate PCA

positions of ancient reference populations

(Table S1B) used in f-statistics analysis (Data S1,

section 5): blue, Iberia IA; purple, Roman and

Byzantine individuals from West Anatolia; yellow,

North African Punics; green, CNE individuals from

the early medieval period. Present-day pop-

ulations are shown as light gray circles, with pre-

sent-day Iberians in darker gray.

See Data S1 and Figure S4B for full PCA context.

group diversity across time in these re-
gions. The central Iberian plateau could
not be evaluated for temporal change
due to the absence of Roman-period
samples. However, comparing all Ro-
man-period individuals from other re-
gions with those from the central plateau
shows no significant difference in ge-
netic variance (p = 0.79). Thus, although
overall genetic heterogeneity remains
elevated relative to the IA and does not

differ significantly between the Roman and late antique periods,
we observe a significant shift in population PCA position. Spe-
cifically, late antique individuals are significantly closer to their
own centroid than to the Roman centroid (Wilcoxon test, p =
7.49 ↑ 10-3), indicating a directional change in ancestry
composition rather than changes in within-group variance.
This pattern is consistent with the introduction of additional
ancestry components during late antiquity into an already het-
erogeneous Roman population.
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Eastern Mediterranean ancestry as a major contributor
during the Roman period
Ancestry analysis of Roman-period individuals reveals signifi-
cant ancient Eastern Mediterranean-related ancestry presence
(Figures 2E–2H, purple polygon) modeled using Roman and
Byzantine West Anatolian groups,27 which occupy an intermedi-
ate position in the WE PCA between present-day European and
Near Eastern populations (Data S1; Figure S4B). This signal cor-
responds to an ancestry characteristic of the ancient Eastern
Mediterranean peoples, particularly from the Western Anatolian
coast, and is associated with major Roman imperial centers such
as Ephesus, Pergamon, Smyrna, or Antioch. Overall, 55 out of 66
(83%) Roman-period Iberian individuals carry this ancestry,
consistently observed across all three regions with Roman sam-

ples. In Augusta Emerita, proportions range from none to 13.8%
(mean: 4.12% ± 2.6%); in the Ebro River basin, the mean is
28.9% ± 7.3%, detected as early as the 1st century CE at Empor-
iae13; and in the southeastern coastal region, the mean is
34.6% ± 6.1% (Table S3A). This ancestry signal correlates with
the appearance of new Y chromosome lineages such as
J-L210, J-L26, and J-Z2177 (Table S1A), absent in Bronze and
IA Iberia but common in the ancient Eastern Mediterranean27

and present-day Near East.28

These patterns are consistent with those observed elsewhere in
the Roman Empire, including the imperial core in Rome and central
Italy8,9 and the Danubian region,11 all showing marked shifts to-
ward Eastern Mediterranean ancestry. While Iberia similarly
received this input, individuals typically carry it in admixed form,

A B C D

E F

G H

I

Figure 2. Shifts in ancestry in the Iberian Peninsula caused by Roman colonization and impact across time
(A–D) Evolution of ancient and modern individuals projected onto the PCA of West-Eurasian (WE) genetic variation: (A) IA, (B) Roman period, (C) migration period,

and (D) present-day individuals tagged ‘‘Spanish’’ in the Human Origins database.

(E–H) Ancestry composition of late antique and early medieval individuals across the four main Iberian regions, modeled as proportions of three components: IA

Iberia (blue labels in the bottom-left corner), West Anatolia Roman-Byzantine (purple label in the top), and North Africa Punic (orange labels in the bottom-right

corner). (E) Northeast Iberia and the Ebro River basin (red), (F) central Iberian plateau (blue), (G) Augusta Emerita (green), and (H) southeast Iberia (yellow). Shape

size reflects the genomic coverage of each individual (number of 1240k SNPs recovered; Table S1A).

(I) Temporal evolution of ancestry proportions among newly reported individuals. Each point represents one individual’s proportion of IA Iberia (blue), West

Anatolia Roman-Byzantine (purple), and North Africa Punic (orange) ancestry. Lines indicate best-fit temporal trends.
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in contrast to the fully Eastern Mediterranean-derived individuals
observed in Italy and at the Danubian-Balkan frontier. This differ-
ence may partly reflect a gap in our transect for the Republican
and early imperial periods (→200 BCE–200 CE), when mobility
may have peaked but cremation was common, limiting DNA re-
covery. As a result, our data cannot distinguish whether this
ancestry reflects direct migration from the eastern provinces,
movement via another region, especially the imperial core, or a
combination of both. Further integration of mobility proxies, partic-
ularly mobility-related isotopes, could help clarify these scenarios.

The latest individual modeled as unadmixed Eastern Mediter-
ranean (I20275) was buried at the Les Goges site (Ebro River
basin, northeastern Iberia) and dates from the late 7th century
CE, suggesting that some migratory links between Iberia and
the wider Mediterranean persisted after the decline of Roman
rule. This later connectivity was plausibly mediated by the
eastern Roman (Byzantine) Empire, which remained influential
in Iberian culture and economy, ruling the southeastern coast
down to→624 CE, or even by the expanding Umayyad Caliphate.

Disproportionate Eastern Mediterranean ancestry
relative to Italic ancestry
Italica was the first Roman settlement established in the Iberian
Peninsula, founded by Scipio in 206 BCE to accommodate veter-
ans of the Second Punic War and named after his Italic troops.29

Historical sources29,30 and epigraphic evidence31 indicate that
coloniae such as Italica and Augusta Emerita hosted substantial
migration from the Italian Peninsula. However, among the 269
newly reported and previously published individuals from Roman
and late antique Iberia with sufficient aDNA preservation for
genome-wide analysis, only eight show clear genetic ancestry
from the Italian Peninsula or the central Mediterranean region
(Tables S1A, S1B, and S3A; information compiled in Table S6). In-
dividual I26172, recovered from Malaca and dated to 126–232 CE,
derived all her ancestry from a Central Mediterranean source32

(Data S1, section 5.3). She was an elderly woman buried with
exotic grave goods, including a Levantine-style jug and multiple
oil lamps.33 Similarly, individual I37213 from Cortijo Coracho
Basilica necropolis (4th century CE) carried admixed ancestry,
with →30% traced to a central Italian source (Table S3A; informa-
tion compiled in Table S6). These are the only two Roman-period
individuals in the dataset with such ancestry. The remaining six in-
dividuals with Central Mediterranean or central Italian-related
ancestry30 derive from post-Roman contexts (Table S3A; informa-
tion compiled in Table S6).

A similar pattern has been observed in other heavily Romanized
regions of the empire. For instance, genomic analyses of the Ro-
man Balkans revealed negligible demographic impact from IA
Italian ancestry.11 Even in Rome and central Italy, Eastern Medi-
terranean ancestry predominated during the imperial period.8,9

Therefore, the limited Italic ancestry detected in our transect re-
flects a wider phenomenon, whereby Eastern Mediterranean
populations became the main demographic force behind the
increased mobility associated with imperial rule in these regions.

Large-scale gene flow originating from North Africa
In addition to Eastern Mediterranean influence, a North African
genetic signal becomes prominent in the Roman period, re-

flected by a shift toward PCA space occupied by ancient North
Africans (Figures 1C–1F, yellow polygon). As a surrogate for
this signal, we use ancient individuals with fully North African
ancestry excavated in Punic contexts32 (n = 4) (Figures 1C–1F,
yellow polygon; Table S1B; Data S1, section 5.1).

Previous work13 detected North African ancestry in four Ro-
man-period individuals from one site in Granada (southeastern
coast region). We now document this signal in 33 of 34 Ro-
man-period individuals, with an average ancestry of 26.9% ±
2.5% (Table S3A; information compiled in Table S6). These
individuals derive from three urban sites (coastal ancient Malaca
and Baria and inland Acinipo) and one rural inland site, Cortijo
Coracho Basilica, near present-day Lucena (Córdoba). This
ancestry is also present in nearly all individuals from the seven
late antique sites from this area, with the highest proportions
observed at coastal sites such as Baria, where one individual
(I18199; 432–551 CE) derives 94.7% of his ancestry from North
African sources, and Arroyo Vaquero near the Strait of Gibraltar.

North African ancestry is not restricted to southeastern Iberia
but is also detected elsewhere at lower proportions (Figures 2E–
2H). In the central Iberian plateau, it is present at six late antique
sites, ranging from 0% to 85% (average across sites: 15.5% ±
2.9%); only 7 of 31 individuals lack any North African signal
(Tables S1A and S3A; information compiled in Table S6). At Au-
gusta Emerita, out of 5 Roman-period individuals, one female
(I23773) is entirely North African, and two others also carry this
ancestry. In northeast Iberia, North African ancestry is present
in eight sites and in about two-thirds of Roman-period individ-
uals (n = 17 of 27), ranging from 0% to 25% (average: 6.6% ±
2.2%) (Table S3A; information compiled in Table S6), and more
intensively around Tarraco. As in Augusta Emerita, this hints
that the signal was linked to mobility attracted to the provincial
capitals.

Supporting the autosomal results, we find a significant in-
crease in uniparental lineages of likely African origin34 across
the four study regions, including mitochondrial haplogroups
L1, L2, and L3 and the North African-specific U6 (15 of 298
analyzed individuals in our transect versus two out of 442 individ-
uals before the Roman period13,35; chi-square test, p =
7.17 ↑ 10-5), or Y chromosome haplogroup E1b (8 of 130
analyzed males in our transect versus 2 out of 189 pre-Roman
males, excluding close relatives; chi-square test, p = 0.013)
(Table S1A), which reaches peak frequencies in present-day
northwest Africa.36 These lineages coexist with others associ-
ated with pre-Roman populations, such as R1b-P312, support-
ing the admixed nature of the Roman Iberian population.

Compared with other imperial regions, North African gene flow
into Iberia was significantly more intense and widespread, ap-
pearing in a large portion of individuals. On the Danubian frontier,
only 3 of 132 individuals harbor North African ancestry, and one
carried East African ancestry.11 Similarly, only 2 out of 48 individ-
uals in the greater Rome region during the imperial period show
substantial North African ancestry,8 despite the capital’s intensive
shipping links with North Africa and its demographic attraction.

While North African ancestry is absent in all available IA
individuals from indigenous contexts, some individuals from
Phoenician/Punic coastal colonies (n = 5 of 27) do display it.13,32

However, even when pooling both indigenous and colonial
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contexts as a pre-Roman baseline (n = 51) (Data S1, section 5.1;
Table S1B), the Roman and late antique periods display signifi-
cantly higher North African ancestry (p = 1.85↑ 10-6). The Roman
period thus marks the first widespread, large-scale North African
gene flow into Iberia.

Where Christianity entered the Iberian Peninsula remains
debated,6 with some scholars37 proposing its introduction via
North Africa. We present genomic data from 31 individuals exca-
vated at the Christian Basilica del Cortijo Coracho near Lucena
(southeastern Iberia), dated between the 4th and 5th centuries
CE. With one exception, all individuals with sufficient genomic
data (n = 30) carried North African ancestry (ranging 6%–76%;
average proportion: 25.0% ± 2.4%) (Table S3A; information
compiled in Table S6). Additionally, we reconstructed a four-
generation family network of 16 individuals (Figure S2), mostly
modeled with the three-way admixture profile typical of southern
Hispano-Roman populations, combining local Iberian, Eastern
Mediterranean Roman, and North African ancestries. Since
over half of the sampled individuals belong to this extended kin
group, with North African ancestry ranging from 0% to 32%
(average: 19.2% ± 2.3%), the community appears tightly knit
and highly integrated (Table S3A; information compiled in
Table S6). This provides a snapshot of a nascent Christian com-
munity with substantial North African ancestry, hinting that this
large-scale input might have involved cultural diffusion influ-
encing the religious landscape of late antique Iberia. Our data
thus provide genetic evidence for sustained links between Iberia
and North Africa during this period, complementing historical ev-
idence for rapid Christian spread through Eastern Mediterranean
diasporas and western imperial routes, particularly along ship-
ping routes between Carthage and Iberia.38 Carthage played a
pivotal role in translating Christian traditions into Latin, well
before Rome shifted from Greek to Latin liturgy in the 3rd–4th cen-
turies.38 In this light, the high North African genetic signal in this
Christian community may reflect migration that contributed to
Iberian cultural change via demic transmission.

Overall, Roman-period populations in Iberia can be character-
ized as a genetic mosaic formed through the admixture between
local IA groups and migrants from the Eastern Mediterranean
and North Africa. The high heterogeneity and the presence of un-
admixed individuals indicate a sustained migratory process
rather than a single event (Data S1, sections 2 and 5;
Tables S1A and S3A; information compiled in Table S6), resulting
in a population structure transformed relative to the IA and
shaping the demographic landscape of Iberian groups entering
the migration period.

Population-level emergence of Central-Northern
European ancestry during the migration period
During the migration period, northern and eastern European
groups moved into southern Europe, often replacing Roman im-
perial control with regional kingdoms under the rule of Germanic
kings. In Iberia, this included the arrival of the Suebi, Vandals,
Alans, and Visigoths,14 each with distinct origins, migration routes,
and interactions with other populations along the way.11,39,40 Their
presence is traced through Central-Northern European (CNE)-like
ancestry in autosomal ancestry and uniparental markers largely
absent in earlier Iberian populations.

Our genetic evidence reveals the sporadic presence of a CNE-
related ancestry in the Iberian Peninsula prior to the migration
period, much like other areas such as the Danubian frontier.11

Previous studies show that individuals from northeastern Iberia
already carry detectable CNE ancestry (Data S1, section 5.2),
indicating sporadic contact with populations beyond the north-
ern limits of Iberia before the large-scale migrations of the 5th

century CE.13 In total, 6 of 66 Roman-period individuals carry
CNE-like ancestry, corresponding to an average of 2.9% ±
0.7% (Table S3A; information compiled in Table S6). Four indi-
viduals come from Tarraco (n = 2, I19795 and I19798; with
68.5% and 14.1% CNE-like ancestry, respectively) and Empor-
iae (n = 2, I10866 and I8475; with 41.3% and 16.6% CNE-like
ancestry, respectively), major provincial hubs with strong trade
connections to southern Gaul41,42; only individual I10866 is
directly radiocarbon dated (44 BCE–61 CE). The remaining two
individuals (I37208 and I35942) with this ancestry were recov-
ered from Coracho Basilica (Table S3A) and dated by archaeo-
logical context. Out of these six individuals, five lack direct
radiocarbon dates, so their attribution to the pre-migration
period remains uncertain, and some may instead belong to the
early migration period stages; caution is therefore warranted in
interpreting them as firmly pre-migration.11,34

The scenario shifts during the migration and Visigothic pe-
riods, when 53 of 164 individuals (32%) across Iberia exhibit
CNE-like ancestry, with an increased average of 22.8% ±
2.6%. Comparing Roman (n = 66) and migration-period (n =
164) individuals using a Wilcoxon rank-sum test shows a signif-
icantly higher median CNE-like ancestry in the migration period
(p = 4.39 ↑ 10-5; means: 0.03 ± 0.007 versus 0.228 ± 0.026).
This is corroborated by a Kolmogorov-Smirnov test indicating
distributional differences (p = 1.41 ↑ 10-3). We also observe a
significantly higher frequency of individuals carrying CNE-like
ancestry in the migration versus the Roman period (chi-square,
p = 1.52 ↑ 10-3).

Archaeological contexts strongly associated with CNE
ancestry
We do not detect fully unadmixed CNE ancestry until individual
I22103, a high-status woman securely dated to the early 5th

century CE from the roadside site of Hostalot-Ildum (Ebro River
basin), marking the earliest clear archaeological context associ-
ated with unadmixed migration period ancestry in Iberia. From
the early 5th century CE onward, CNE ancestry becomes
more pronounced at some sites, consistent with the arrival
and settlement of Germanic groups during the migration period
(Figures 3C–3F). Germanic groups’ appearance in Iberia is well-
documented through historical and archaeological evidence
and is reflected in newly founded settlements and cultural ele-
ments. To investigate this process, we sampled several archae-
ological sites with cultural elements associated with Germanic
influences.

The site of Pla de l’Horta in the northeast Mediterranean region
consists of a Roman suburban villa43 that was reoccupied in
post-Roman times.20,44 Some of the grave findings from this
later phase have been associated with Germanic cultural ele-
ments.44 Among 26 individuals with high-quality data dating
from the 5th century onward, we detect 4 individuals (two males
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and two females) deriving 100% of their ancestry from CNE-like
sources and a further 9 individuals with 44%–72% of this
ancestry (Table S3A; information compiled in Table S6). Previous
work suggests that Goths who had inhabited the Dnipro River
plains (3rd–4th centuries CE) interbred with neighboring steppe
peoples (such as Sarmatians) before entering the Roman Balkan
Peninsula in the 4th century.11 However, we do not detect Sar-
matian-related ancestry among the 9 admixed individuals, sug-
gesting that some migration period groups were not affected
by this process. The remaining 16 individuals show no Ger-
manic-related ancestry, bearing instead varying proportions of
the three ancestries present in earlier Hispano-Roman popula-
tions. This suggests that arriving Germanic groups coexisted
with local populations in Iberia, even in contexts with Ger-
manic-associated archaeological material.

We also present data from 30 newly reported individuals from
the Los Blanes archaeological site at ancient Augusta Emerita,
the capital of Lusitania—5 from the Roman period and 25 from
the first generations of Germanic rule (Table S1A). Among the
latter are three women archaeologically associated45 with the

brief and poorly documented Suebian expansion into Augusta
Emerita. They died at a very young age, perhaps contemporane-
ously, and were buried with funerary assemblages that included
gold and silver objects originating from Pontic-Danubian-Elbe
regions.45 Their demise might be tied to the political upheavals
in Iberia’s tumultuous 5th and early 6th centuries, marked by
conflict between the Suebian and Visigothic kingdoms.46 The
necropolis displays cultural and chronological links with the
newcomer Vandals and Suebians—who crossed Gaul within 2
years, implying a different population history from the Goths,
who had entered the empire earlier through the Danubian
Limes11—and with the Visigoths.

Among the 25 individuals with enough aDNA preservation for
genome-wide analysis (Roman period, n = 5; migration period,
n = 20), we find a clear presence of CNE-like ancestry during
the migration period: 8 of 20 individuals derive 100% of their
ancestry from CNE-related sources and 7 carry 24%–80%.
However, unlike other migration period groups,11 we detect no
Steppe-like (Sarmatian) signal, notwithstanding historical infor-
mation that the Sarmatian-related Alans accompanied the

A B

C D E F

Figure 3. Long-distance mobility and Germanic ancestry in the Iberian Peninsula during the period of Germanic rule
(A) Projection of ancient samples on the PCA of present-day European genetic variation.

(B) Map showing Vilanova d’Alcolea (northeast Iberia) and Corralón de Los Blanes (Augusta Emerita, western Iberia), where two first-degree relatives (siblings)

were identified. The shortest route between the two sites, following the Roman road network, is indicated (→725 km). Also shown are Germanic-associated gold

pins of Danubian-Pontic typology recovered at both sites, highlighting shared cultural influences (scale bar included).

(C–F) Temporal evolution of CNE-like ancestry across the four Iberian regions: (C) northeast Iberia and the Ebro River basin (red), (D) central Iberian plateau (blue),

(E) Augusta Emerita (green), and (F) southeast Iberia (yellow). Dashed lines mark key historical events: the arrival of the Alans, Suebi, and Vandals (green dotted

line); the establishment of the Suebian kingdom (orange); and the rise of the Visigothic kingdom (black). These events frame the observed increase and regional

variability of Germanic ancestry through time.
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Vandals and Suebi entering Iberia in the early 5th century.46,47

The remaining five migration-period individuals lack any CNE-
like signal, showing limited initial permeation of the newcomers’
ancestry into the local gene pool, even in a settlement with rich
Germanic-associated grave goods,45 and suggesting local pop-
ulation continuity following the arrival of migrant groups. This
continuity is further reflected by two individuals with predomi-
nantly North African ancestry at Augusta Emerita, one from the
Roman period and one from the migration period, as well as an
unadmixed Eastern Mediterranean individual from the migration
period.

CNE ancestry across social contexts
Germanic migrations associated with the genesis of the Visi-
gothic kingdom were characterized primarily by elite dominance
and admixture with pre-existing populations, rather than large-
scale replacement. To assess the distribution of CNE-like
ancestry across social contexts, we examined its association
with burial material culture and inferred social status. Among
52 graves from necropolises featuring Germanic-associated ma-
terial culture (Pla de l’Horta, Hostalot-Ildum, and Los Blanes at
Augusta Emerita), 29 individuals (56%) exhibited CNE-like
ancestry, several with markers of elevated social status (Data
S1, section 2).

Including all of the analyzed migration-period individuals, we
detect 18 of 164 with 100% CNE-like ancestry and 35 admixed
individuals carrying varying amounts of this ancestry, alongside
118 individuals lacking it, who belonged to the same burial com-
munities (Table S3A; information compiled in Table S6). The
coexistence of Hispano-Roman individuals with Germanic-like
ancestry supports a scenario of gradual admixture rather than
large-scale population replacement. Indeed, 16 individuals har-
bor both CNE-like and Iberian IA-like ancestry, including one
(I23288) from the Los Blanes necropolis and three (I12033,
I20392, and I13572) from the Visigothic period phase of the Pla
de l’Horta necropolis, sites with Ponto-Caspian-style archaeo-
logical findings (Data S1, section 2). This indicates intermarriage
between the Germanic migrants and the local Hispano-Roman
population. Although substantial and clearly detectable, the de-
mographic impact of these migrant groups does not suggest a
population-wide replacement.

The Germanic newcomers had embraced Arian Christianity, a
doctrine initially favored by some Christian Roman emperors but
later condemned as heretical. This may have discouraged
unions between Hispano-Romans and Goths until Visigothic
King Reccared’s conversion to the Nicene (Catholic) faith in
589 CE, after which intermarriage between Visigoths and locals
was officially permitted. Using median date estimates, individ-
uals dating before Reccared’s reign show the highest proportion
of unadmixed CNE-related ancestry at 17% (15 of 90 individuals
with CNE-related ancestry), compared with 3 of 82 individuals
median-dated after 589 CE (chi-squared, p = 0.012). However,
the presence of admixed individuals median-dated before 589
CE (8 of 90 individuals, versus 15 of 82 individuals after 589
CE; chi-square test, p = 0.114) (Tables S1A and S3A; information
compiled in Table S6; Data S1, sections 2 and 5) suggests that
legal restrictions did not fully prevent the newcomers’ integration
into the broader population.

To mitigate bias from the overrepresentation of recent
migrants at these sites, we conducted additional analyses
excluding necropolises associated with Germanic material cul-
ture. We find that 23 out of 114 individuals in this subset carry
CNE-like ancestry, with a mean proportion of 60.0% ± 11.1%
among carriers. In the full subset, the overall average CNE-like
ancestry is 12.1% ± 2.2%, indicating notable admixture without
widespread population turnover. Although significant (p = 0.035),
the demographic impact of Migration-period migrations remains
lower than those documented during the period of Roman con-
trol of Iberia.

Decline and dilution of CNE ancestry after late antiquity
Following Reccared’s reign and until the fall of the Visigothic
kingdom in 711 CE, Germanic ancestry likely became increas-
ingly diluted through admixture with the larger local population.
Nevertheless, traces of this ancestry persisted for generations.
Analyzing one newly reported and 25 previously published Anda-
lusi-period individuals (8th–15th centuries),13 we find 6 individuals
with CNE-like ancestry, ranging from 28% to 80%. However,
from the 12th century onward, only two of 10 individuals
(I12647 and I12648; Balansiya Taifa)13 retain this genetic signal,
and only in admixed form (Tables S1B and S3A; information
compiled in Table S6).

PCA space examination suggests a discrepancy between
early medieval and present-day Iberian population structure
(Figures 1C–1F, 2A–2D, S4A, and S4B). Among present-day
Iberians in our available data, the largest group consists of indi-
viduals genotyped on the Human Origins array classified as
Spanish.HO.48 Comparing the distribution of distances to
group-specific centroids in PCA space between present-day
and late antiquity Iberians shows a significant reduction in
within-group genetic dispersion in the present-day population
(p = 2.2 ↑ 10-16; we excluded present-day Basques in this com-
parison due to their unique population history13,49) (Figures 2C
and 2D; Data S1, section 5.5). We considered two non-
mutually exclusive explanations for this heterogeneity reduction,
observed in present-day Iberians relative to early medieval pop-
ulations. First, if late antiquity heterogeneity was primarily driven
by immigration from diverse external sources, a subsequent
reduction in such inputs would reduce dispersion over time
(Figures 2A–2D). Under this scenario, present-day populations
would still be modeled using the same sources as early medieval
individuals, but with reduced variance in ancestry proportions.
Alternatively, later demographic processes may have reshaped
population structure through additional ancestry sources not
represented in our dataset, producing an apparent more genet-
ically homogeneous subset of the earlier population and leading
to both reduced PCA dispersion and poorer model fit using
exclusively late antique sources.

To test for continuity or discontinuity, we modeled present-
day Iberian populations geotagged by region from the 1000 Ge-
nomes Project50,51 (IGSR: IBS) to assess the persistence of
CNE-like ancestry in the modern gene pool. However, none of
the models yielded a statistically acceptable fit (Data S1, section
5.5; Table S4A). Notably, models that included a CNE source
consistently produced p values closer to significance, suggest-
ing some persistence. These results indicate that the genetic
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landscape of present-day Iberia was shaped not by new large-
scale migrations, but by internal population movements and
resettlement during the medieval and Renaissance periods. His-
torical sources indicate substantial demographic disruption dur-
ing the medieval period, including urban population decline
associated with prolonged conflict between northern Christian
kingdoms and Andalusi polities.52 These processes were
accompanied by large-scale resettlement, whereby territories
conquered by northern kingdoms were repopulated primarily
from northern Iberian populations.52–54 However, northern Iberia
is currently underrepresented in both our dataset and the pub-
lished archaeogenomic record, limiting our ability to capture
the full ancestral variation of present-day populations and
contributing to reduced fit (Data S1, section 5.5). This sampling
gap suggests that present-day Iberians may partly derive from
unsampled sources, consistent with reduced genetic dispersion
relative to late antique populations (Figures 2A–2D).

Close first-generation immigrant relatives separated by
large geographical distance
We identify two siblings excavated →725 kilometers apart,
representing the largest geographical separation between first-
degree relatives in the archaeogenetic record to date (the next
being two Copper Age individuals from southern England sepa-
rated by 5 km) (Tables S2A and S2C; Data S1, section 4). The
brother (I23273) was buried at Los Blanes necropolis (Augusta
Emerita) and dated to 364–535 CE. His sister (I22103) died be-
tween 257–409 CE and was buried at a roadside hospitality cen-
ter on the Via Augusta at Hostalot-Ildum (Ebro River basin)55 in a
high-status burial with grave goods including a glass vase and
two gold pins of Danubian-Pontic tradition,55,56 similar to those
at Los Blanes (Figure 3B). Both siblings, likely first-generation im-
migrants, were modeled as having 100% CNE-related ancestry,
and the brother carried the typical CNE I1 Y chromosome line-
age. This finding highlights the extreme mobility of Germanic
groups during late antiquity and elites’ connectivity within the
peninsula, enabled by the continued operation of Roman infra-
structure. The sister’s burial at an imperial roadside hostel sug-
gests she died while traveling along the Roman highway infra-
structure linking the main late cities of Augusta Emerita and
Tarraco. According to ORBIS (https://orbis.stanford.edu/),
such a journey would take →24 days on foot, or →14 days on
horseback for high-status individuals (Figure 3B). While the exact
migration path remains unclear, the sister may have died during
an initial southward migration, while her brother continued to Au-
gusta Emerita, where he was eventually buried; mobility-related
isotopic analysis could clarify this. Their relationship, chronol-
ogy, and locations illuminate previously undocumented path-
ways of the early migration period groups into Iberia. Her burial
along the cursus publicus suggests that this Roman communica-
tion system was still operational in northeastern Spain during the
usurper emperor Maximus’ rule (5th century CE), hinting at his
involvement early in the Suebi migration.57

DISCUSSION

Unlike the colonies established by previous civilizations such as
the Greeks and Phoenicians/Punic people,13,32 Roman rule

brought widespread inflows of Eastern Mediterranean and North
African ancestry into Iberia. Documentary, archaeological, and
epigraphic evidence attest to the arrival of Roman colonists
who settled in regions such as the Guadalquivir valley starting
from the early days of Rome’s presence in Iberia58,59; our data
demonstrate that they precipitated a large-scale demographic
change across the peninsula that persisted deep into the later
periods. Migrants to these regions created a society of heteroge-
neous ancestry interconnected with the broader Mediterranean.
Interestingly, most studies to date have documented genetic in-
fluence from Eastern Mediterranean groups on individuals in
central regions of the Roman Empire, such as Italy and the Bal-
kans,8,9,11 an influence we now also demonstrate for the western
Mediterranean. Our results further prove that North African
ancestry was not restricted to one site but was widespread in
southeastern Iberia during the Roman and late antique periods
and even reached other regions further north. These results
imply a large-scale demographic influx of both women and
men from northwest Africa that, under Roman control, brought
the two shores of the Strait of Gibraltar genetically closer than
ever before. Future archaeogenetic studies in Roman North Af-
rica are necessary to determine whether the mobility between
Iberia and North Africa was bidirectional.

The genomic analysis of late antique sites allowed us to iden-
tify groups with clear CNE ancestral origins and to document a
case of a close familial connection over hundreds of kilometers
that seems to pinpoint a route of the Suebian migration into Ibe-
ria. The demographic impact of migrations during this period has
been genomically investigated in other regions of the Western
Roman Empire, such as Great Britain,10 the Balkans,11 and the
Italian Peninsula.8,9 In England, the potential Anglo-Saxon
contribution was estimated to be under 50% in central-south En-
gland and most likely in the range of 10%–40% from the analysis
of modern genomes.60 This estimate rises to 76% on average
when analyzing early medieval burials, mainly from eastern En-
gland.10 Both figures point to a large-scale demographic input
from continental North Sea regions. In the modern Balkans, the
potential contribution of the Slavic migrations has now been esti-
mated to range from 40% to 60% in places such as modern
Serbia to 20% in mainland Greece.11 In the Iberian Peninsula,
despite the clear presence of individuals with CNE-related
ancestry at specific sites and signs of admixture with the local
population, their demographic impact was relatively limited
compared with other European regions. The characteristic
ancestry mixture and diversity typical of Hispano-Roman society
remained in place, and, although admixture occurred, the overall
genetic landscape did not see radical change (between 12% and
22%, depending on region and social context).

Present-day Iberian populations show considerably less ge-
netic heterogeneity than the groups analyzed in this work, indi-
cating that further reshaping of the gene pool occurred in later
medieval or post-medieval times. The Iberian Peninsula’s com-
plex and dynamic history, shaped by Romanization, Visigothic
rule, Islamic conquests, and subsequent conquest by the north-
ern Christian kingdoms, presents a unique genetic landscape
still to be fully revealed. Future work focusing on medieval and
post-medieval genomes will be essential to finally link the ancient
with the modern inhabitants of the peninsula.
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Limitations of the study
Our study is an example of how dense regional sampling can
elucidate both general and fine-scale demographic processes
within a focused period. However, a major drawback is the
lack of dense sampling for the IA and Roman Republican pe-
riods, largely due to cremation as the dominant burial practice.
The ancient DNA record is also sparse in vital regions such as
northern Iberia and North Africa. A second limitation is the
high heterogeneity of the Hispano-Roman population in the
late Roman and migration periods, which prevents clustering
of the population for f-statistics tests and thus reduces statisti-
cal power. Our observation of high ancestry heterogeneity
within and across sites suggests that the ancestry of some re-
gions we did not sample likely differs subtly from those we
did; further insights would come from future sampling of these
areas. Finally, the absence of clear genetic continuity between
the late antique period and the present-day implies major de-
mographic change during medieval or post-medieval times.
The limited number of individuals from these periods in our da-
taset precludes meaningful inferences about these critical
periods.
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tremadura, A. Rodrúguez-Dı́az, D.M. Duque-Espino, and I. Pavón-Solde-

vila, eds. (de Economı́a, C. Ciencia y Agenda Digital), pp. 592–593.

25. Patterson, N., Isakov, M., Booth, T., Büster, L., Fischer, C.-E., Olalde, I.,
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44. Llinàs Pol, J., Tarrés Farrés, A., Montalbán Martı́nez, C., Frigola Triola, J.,

Merino Serra, J., and Agustı́ Farjas, B. (2008). Pla de l’Horta (Sarrià de
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81. Dabney, J., Meyer, M., and Pääbo, S. (2013). Ancient DNA damage. Cold

Spring Harb. Perspect. Biol. 5, a012567. https://doi.org/10.1101/cshper-

spect.a012567.

82. Korlevi c, P., Gerber, T., Gansauge, M.-T., Hajdinjak, M., Nagel, S., Aximu-

Petri, A., and Meyer, M. (2015). Reducing microbial and human contami-

nation in DNA extractions from ancient bones and teeth. BioTechniques

59, 87–93. https://doi.org/10.2144/000114320.

83. Dabney, J., Knapp, M., Glocke, I., Gansauge, M.-T., Weihmann, A., Nickel,
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STAR★METHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

243 newly reported ancient individuals This paper Table S1A

Chemicals, peptides, and recombinant proteins

2↑ HI-RPM hybridization buffer Agilent Technologies 5190-0403

Herculase II Fusion DNA Polymerase Agilent Technologies 600679

Pfu Turbo Cx Hotstart DNA Polymerase Agilent Technologies 600412

50% PEG 8000 Anatrace OPTIMIZE-82 100 ML

0.5 M EDTA pH 8.0 BioExpress E177

Sera-Mag™ SpeedBead Carboxylate-

Modified [E3] Magnetic Particles

Cytiva Life Sciences 6.51521E+13

0.05 M HNO3 (Optima) Fisher Chemical Cat# A467-2

6 M HCL (TraceMetal Grade) Fisher Chemical Cat# A508-4

7 M HNO3 (Optima) Fisher Chemical Cat# A467-2

Acetic Acid, Glacial (TraceMetal Grade) Fisher Chemical Cat# A507-P212

Silica Magnetic Beads G-Biosciences 786–916

0.1 M CH3COOH (GR ACS Grade) Millipore Sigma Cat# AX0073-6

2% Sodium Hypochlorite Solution Millipore Sigma Cat# XX0637-76

30% H2O2 (GR ACS Grade) Millipore Sigma Cat# HX0635-2

Bst DNA Polymerase2.0, large frag. New England Biolabs M0537

UGI New England Biolabs M0281

USER enzyme New England Biolabs M5505

Buffer PB QIAGEN 19066

Buffer PE concentrate QIAGEN 19065

1 M NaOH Sigma 71463

1 M Tris-HCl pH 8.0 Sigma Aldrich AM9856

20% SDS Sigma Aldrich 5030

3 M Sodium Acetate (pH 5.2) Sigma Aldrich S7899

5 M NaCl Sigma Aldrich S5150

Ethanol Sigma Aldrich E7023

Guanidine hydrochloride Sigma Aldrich G3272

Isopropanol Sigma Aldrich 650447

PEG-8000 Sigma Aldrich 89510

Proteinase K Sigma Aldrich P6556

Tween-20 Sigma Aldrich P9416

Water Sigma Aldrich W4502

10↑ Buffer Tango Thermo Fisher Scientific BY5

50↑ Denhardt’s solution Thermo Fisher Scientific 750018

AccuPrime Pfx Polymerase (2.5 U/ul) Thermo Fisher Scientific 12344032

ATP Thermo Fisher Scientific R0441

dNTP Mix Thermo Fisher Scientific R1121

Dyna MyOne Streptavidin C1 beads Thermo Fisher Scientific 65002

GeneAmp 10↑ PCR Gold Buffer Thermo Fisher Scientific 4379874

Human Cot-I DNA Thermo Fisher Scientific 15279011

Klenow Fragment (10 U/μL) Thermo Fisher Scientific EP0052

(Continued on next page)
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Ancient Individuals
This study analyzed skeletal remains from 255 ancient individuals (Data S1, section 2) excavated from 31 archaeological sites across
the Iberian Peninsula (present-day Spain) spanning approximately 100–800 CE, encompassing the Roman Imperial and Late
Antique/Early Medieval periods. The sampled individuals represent a broad geographic distribution across four major regions of Ibe-
ria (eastern, central, southern, and northwestern) and derive from a wide range of archaeological contexts, including urban

Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Maxima Probe qPCR 2xMM Thermo Fisher Scientific K0233

Maxima SYBR Green kit Thermo Fisher Scientific K0251

Maxima SYBR Green kit Thermo Fisher Scientific K0253

Salmon sperm DNA Thermo Fisher Scientific 15632-011

SSC Buffer (20↑) Thermo Fisher Scientific AM9770

T4 DNA Ligase Thermo Fisher Scientific EL0012

T4 DNA Ligase, HC (30U/μL) Thermo Fisher Scientific EL0013

T4 DNA Polymerase Thermo Fisher Scientific EP0062

T4 Polynucleotide Kinase Thermo Fisher Scientific EK0032

Critical commercial assays

HiSeq X Ten Reagent Kit v2.5 Illumina FC-501-2521

NextSeq 500/550 High Output Kit v2.5 Illumina Cat# 20024906

Twist Human Ancient DNA Panel Twist Bioscience SKU: 107479

Deposited data

Sequencing data from 243 newly

reported ancient individuals

This paper ENA: PRJEB96929

Isotopic data of 35 newly reported

ancient individuals

This paper Table S5A

Genotype data from 243 newly

reported ancient individuals

This paper https://reich.hms.harvard.edu/datasets.

Software and algorithms

OxCal v4.4.4 Reimer et al.61 https://c14.arch.ox.ac.uk/oxcal.html

SeqPrep 1.1 St. John, J. (https://github.com/

jstjohn/SeqPrep)

https://github.com/jstjohn/SeqPrep

Bwa 0.6.1 Li and Durbin62 https://github.com/lh3/BWA

Preseq Daley and Smith63 https://github.com/smithlabcode/preseq

ContamMix-1.0.10 Fu et al.64 https://anaconda.org/channels/bioconda/

packages/contammix/overview

ANGSD Korneliussen et al.65 https://github.com/ANGSD/angsd

HaploGrep3 Schönherr et al.66 https://haplogrep.i-med.ac.at/

bcftools Li et al.67 https://github.com/samtools/bcftools

SAMTools Li et al.67 https://github.com/samtools/bcftools

READv2 Alaçamlı et al.68 https://github.com/GuntherLab/READv2

KIN Popli et al.69 https://github.com/DivyaratanPopli/

Kinship_Inference

GLIMPSE2 Rubinacci et al.70 https://github.com/odelaneau/GLIMPSE

ancIBD Ringbauer et al.71 https://github.com/hringbauer/ancIBD

hapRoh/hapCon Huang and Ringbauer72; Ringbauer et al.73 https://github.com/hringbauer/hapROH

EIGENSOFT (version 7.2.1). Price et al.74; Patterson et al.75 https://github.com/DReichLab/EIG

ADMIXTOOLS v.6.0 Patterson et al.76 https://github.com/dReichLab/AdmixTools

DATES Narasimhan et al.77 https://github.com/priyamoorjani/DATES
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cemeteries, rural settlements, villae, basilicas, and funerary necropolises. Archaeological dating was based on stratigraphy, associ-
ated material culture, numismatic evidence, and, where available, direct AMS radiocarbon dating.

243 individuals yielded authentic good-quality ancient DNA and constitute the genetically characterized subset (Table S1A).
Both genetic males (n = 122) and females (n = 121) are represented. Biological sex was determined genetically and compared,

when available, with osteological assessments. Individuals comprise predominantly adults (n = 158), although infants (n = 7), juveniles
(n = 10) and subadults (n = 12) are also included where preservation permitted genomic analysis. Anthropological assessment was
not possible for 68 individuals because of insufficient skeletal preservation.

Detailed archaeological descriptions, osteological information, sampled skeletal elements, calibrated dates, genetic sex, mito-
chondrial and Y-chromosome haplogroups, sequencing statistics, contamination estimates, and ancestry assignments for every in-
dividual are provided in Data S1, section 2, and Table S1A.

Sampling Permission and Research Oversight
All archaeological material analyzed in this study was sampled with the permission and under the supervision of the institutions
responsible for the curation and protection of the remains. Sampling procedures and subsequent analyses were conducted in collab-
oration with the relevant archaeological institutions, curators, and researchers responsible for each collection, who provided over-
sight of the research and contributed their expertise and contextual information.

The institutions granting permissions and overseeing access to the archaeological material include: Archaeological Museum of
Badajoz (Badajoz, Spain); Ayuntamiento de Estepona (Estepona, Spain); Ayuntamiento de Pizarra (Málaga, Spain); Institut Català
de Paleoecologia Humana i Evolució Social (Tarragona, Spain); Museo Arqueológico Nacional (Madrid, Spain); Museo Arqueológico
y Etnológico de Lucena (Lucena, Spain); Museo Arqueológico de Ronda (Ronda, Málaga, Spain); Museo de Guadalajara (Guadala-
jara, Spain); Museo de Zaragoza (Zaragoza, Spain); Universidad Autónoma de Madrid (Madrid, Spain); Universidad Complutense
de Madrid (Madrid, Spain); Ministerio de Cultura (Madrid, Spain); Universidad Isabel I (Burgos, Spain); Universidad de Granada
(Granada, Spain); Universidad de Málaga (Málaga, Spain); Universitat Autònoma de Barcelona (Barcelona, Spain); Universitat Rovira
i Virgili (Tarragona, Spain); Universitat de Barcelona (Barcelona, Spain); Universitat de Girona (Girona, Spain); and University of the
Basque Country UPV/EHU (Vitoria-Gasteiz, Spain). The responsible contact person(s) for each archaeological site and associated
collection are provided in the corresponding entries for each archaeological site in Data S1, section 2.

Study design and data inclusion criteria: Sample size was determined by the archaeological material available for intrusive/
destructive sampling and the preservation of endogenous DNA rather than by a prospective statistical power calculation.

Formal randomization was not applicable because sample selection was constrained by the archaeological material available for
intrusive/destructive sampling, preservation, chronology, geographic coverage, and institutional permissions. Nevertheless, the
sampling strategy aimed to capture the available diversity of archaeological contexts represented during the study period across
different regions and archaeological site types of the Iberian Peninsula.

Ancient DNA authenticity and data robustness were evaluated using multiple independent quality-control procedures and criteria,
described below.

As an initial step, exploratory data analysis (EDA) techniques were applied without incorporating archaeological, chronological,
geographic, or other contextual information associated with the individuals. For further downstream analyses blinding was not appli-
cable because their interpretation depended necessarily on archaeological, chronological, geographic, and contextual information
associated with each individual.

For population-level statistical comparisons, first-degree relatives were excluded to minimize non-independence arising from the
sampling of closely related individuals from the same archaeological contexts. Analyses specifically examining kinship or familial
structure retained related individuals. The corresponding sample sizes are reported for each analysis.

Additional analysis-specific inclusion and exclusion criteria are described in the corresponding STAR Methods sections.

METHOD DETAILS

Ancient DNA Extraction
Of the selected 255 ancient individuals from the Iberian Peninsula (Data S1, section 2), 243 yielded authentic ancient DNA
(Table S1A). All laboratory work prior to PCR amplification was performed in dedicated ancient DNA clean-room facilities physically
isolated from post-PCR laboratories.To minimize exogenous DNA contamination, the external surfaces of teeth and long bones were
mechanically removed. Bone and tooth powder was collected from the cleaned interior using low-speed drilling to minimize heat-
induced DNA damage.78 When available, cochleae were isolated from the petrous portion of the temporal bone by sandblasting fol-
lowed by milling.79

Approximately 30–100 mg of bone or tooth powder was incubated in lysis buffer containing EDTA, SDS, Tween, and proteinase K
to facilitate demineralization, cell lysis, and protein digestion. DNA was purified using silica-based extraction methods80 employing
silica magnetic beads (Sera-Mag™ SpeedBead Carboxylate-Modified Magnetic Particles) following either manual or automated
extraction protocols, with guanidine hydrochloride, sodium acetate, sodium chloride, ethanol, and isopropanol used as components
of the binding and washing procedures81.
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For manual extractions, DNA binding was performed using Dabney Binding Buffer81–83 consisting of guanidine hydrochloride, iso-
propanol, and buffering salts that promote adsorption of short DNA fragments to silica. DNA-bound magnetic beads were washed
using Buffer PB, Buffer PE, and ethanol to remove salts and inhibitors before DNA was eluted in molecular-grade water. Automated
extractions followed the same silica-binding chemistry adapted for robotic liquid handling platforms.

Genomic Library Preparation
Double-stranded DNA libraries were prepared from ancient DNA extracts following previously established protocols.84,85 Between
6.2 and 8.4 mg of powder corresponding to the DNA extract was used as input for library preparation. DNA extracts were converted
into double-stranded indexed libraries using truncated Illumina-compatible adapters. Adapter ligation was performed using T4 DNA
ligase, T4 Polynucleotide Kinase, and T4 DNA Polymerase, with ATP, PEG 8000 and the corresponding T4 reaction buffers (key
resources table).

DNA damage-derived uracil residues were partially removed through partial uracil-DNA-glycosylase (UDG) treatment prior
to blunt-end repair. Libraries were treated with USER enzyme and uracil-DNA-glycosylase inhibitor (UGI) to remove a
proportion of uracil residues while retaining terminal damage patterns used for ancient DNA authentication. Adapter fill-in reactions
were performed using Bst DNA Polymerase 2.0 (large fragment) and Klenow Fragment where required by the library preparation
workflow.

Libraries were amplified by PCR using indexed primers and high-fidelity polymerases. Depending on library requirements and
amplification strategy, PCR reactions were performed using Herculase II Fusion DNA Polymerase, Pfu Turbo Cx Hotstart DNA Po-
lymerase, or AccuPrime Pfx DNA Polymerase. PCR reactions were prepared using commercially available PCR buffers and nucle-
otide mixtures, including GeneAmp 10↑ PCR Gold Buffer, 10↑ Buffer Tango, and dNTP Mix.

Library amplification success and concentration were assessed by quantitative PCR using Maxima SYBR Green qPCR Master Mix
and Maxima Probe qPCR Master Mix. Amplified libraries were subsequently pooled for downstream in-solution hybridization
capture.

In-solution Hybridization Capture of Genomic Libraries
Indexed libraries were enriched for human DNA using in-solution hybridization capture targeting 1,233,013 SNPs (‘‘1240k capture’’)
or 1,352,535 SNPs (‘‘Twist’’ BioSciences), as well as the mitochondrial genome. Hybridization reactions used 2↑ HI-RPM hybridiza-
tion buffer, human Cot-I DNA, salmon sperm DNA, and 50↑ Denhardt’s solution to facilitate probe hybridization and suppress
nonspecific binding.17,19

Libraries enriched with the 1240k reagent underwent two successive rounds of hybridization capture to maximize target enrich-
ment,17 whereas libraries prepared using the Twist Human Ancient DNA Panel underwent a single round of capture19. Captured
DNA was recovered using Dyna MyOne Streptavidin C1 magnetic beads and washed using SSC buffer and related wash reagents.

High-throughput sequencing
Enriched DNA libraries were pooled according to library concentration and sequenced on an Illumina HiSeq X Ten instrument using
the HiSeq X Ten Reagent Kit v2.5, generating 2↑ 101 bp paired-end reads, with 2↑ 7 cycles used to read the two index sequences.86

Libraries were also sequenced on an Illumina NextSeq 500 instrument using the NextSeq 500/550 High Output Kit v2.5, generating
2 ↑ 76 bp paired-end reads and 2 ↑ 7 cycles for the two index reads. Multiple sequencing lanes were used where required to
approach library sequencing saturation.

Direct AMS 14C Dating
We generated 35 new radiocarbon dates (Tables S1A and S5A) selected from the newly reported individuals from bone or tooth
specimens.

The radiocarbon dating was performed at specialized facilities at the Pennsylvania State accelerator mass spectrometry radio-
carbon laboratory (PSUAMS identifier in Tables S1A and S5A); CIRAM (France) radiocarbon laboratory (CIRAM identifier in
Tables S1A and S5A); and the University of Georgia Center for Applied Isotope Studies (UGAMS identifier in Tables S1A and
S5A). Sample preparation and AMS measurement followed the established protocols of each facility. Bone or tooth samples were
decontaminated and subjected to collagen extraction and purification before preparation for AMS measurement; pretreatment pro-
cedures included acid-based and oxidizing treatments. Radiocarbon (14C/12C) and stable carbon isotope (13C/12C) ratios were
measured as part of the AMS procedure together with appropriate blanks and standards.

For newly dated individuals, the same skeletal element used for ancient DNA analysis was sampled for radiocarbon dating. Where
available, previously published radiocarbon dates and dates recovered from the archaeological literature are also reported in
Table S1A. Radiocarbon ages were calibrated using OxCal v4.4.4 and the IntCal20 calibration curve.61

Radiocarbon dating was used to refine the chronology of individuals for whom archaeological dating was uncertain, to indepen-
dently assess samples associated with potentially unexpected genetic affinities, and to provide chronological coverage across the
sampled archaeological contexts (Data S1, section 2).
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Stable Isotope Analysis
Stable carbon (δ13C) and nitrogen (δ15N) isotope measurements were generated for newly reported individuals using analyses con-
ducted at the Pennsylvania State University Accelerator Mass Spectrometry facility.

Isotopic measurements were obtained from bone or tooth samples associated with the individuals included in this study (STAR
Methods Direct AMS 14C Dating; Table S5A).

To contextualize the isotopic composition of the newly reported individuals, we compiled comparative δ13C/δ15N data from pub-
lished archaeological studies covering the Iberian Peninsula from the Iron Age period through the Early Middle Ages including C3
cereals, C4 plants, legumes, domestic herbivores and omnivores, and marine fish (Data S1, section 3). We plotted individual isotopic
values against these reference ranges to evaluate broad dietary patterns and subsistence strategies at the archaeological sites inves-
tigated (Figure S1; Data S1, section 3).

Raw Genetic Data Bioinformatic Processing
Bioinformatic processing of the raw sequencing data and the downstream analyses described below were performed using high-per-
formance computing (HPC) resources at Harvard University and Universitat Pompeu Fabra (UPF).

Reads for each sample were extracted from raw sequence data according to sample-specific indices introduced during wet-lab
processing, allowing one mismatch (https://github.com/dReichLab/adna-workflow). Adapters were trimmed and paired-end reads
were merged into single-ended sequences requiring a 15-base pair overlap (allowing one mismatch) using a modified version of
SeqPrep 1.1 (https://github.com/jstjohn/SeqPrep; https://github.com/dReichLab/adna-workflow), which selected the highest qual-
ity base in the merged region. Unmerged reads were discarded prior to alignment to both the human reference genome (hg19) and
the RSRS mitochondrial reference genome using the ‘aln’ and ‘samse’ commands in bwa62 (version 0.6.1). PCR duplicates were
removed based on alignment coordinates and read orientation. Libraries were sequenced to saturation across multiple lanes
when necessary, and library complexity was assessed using preseq,63 with merging performed where appropriate.

Computational pipelines are available on GitHub (https://github.com/dReichLab/ADNA-Tools; https://github.com/dReichLab/
adna-workflow).

Authentication of ancient DNA genomic data
Authenticity of ancient DNA was assessed by:

1)Terminal nucleotide deamination: libraries with terminal deamination rates below 3% were excluded.
2)X-to-Y chromosome reads ratio: libraries were characterized as potentially contaminated if their X-to-Y chromosome reads ratio

was below 0.03 or above 0.35, and excluded from processing and analyses.
3)Mitochondrial contamination with contamMix64: Libraries with an upper bound threshold of the 95% confidence interval

exceeding 5% were excluded.
4)X-chromosome contamination in males with sufficient coverage using ANGSD65: Libraries with a threshold of lower bound of the

95% confidence interval >1.1% were excluded from analyses.
Genotype files were produced by calling pseudo-haploid positions in the ‘‘1240k’’ SNP panel, retaining libraries with ↔15,000

SNPs for confident whole-genome analysis (https://github.com/dReichLab/adna-workflow ).

QUANTIFICATION AND STATISTICAL ANALYSIS

Mitochondrial and Y-Chromosome Haplogroup Assignment
Mitochondrial haplogroups were determined using reads mapped to the mitochondrial reference genome, retaining reads with
mapping quality (MAPQ) ↔30 and base quality ↔30. A consensus sequence was generated using bcftools and SAMTools67 under
a majority-rule approach with a minimum coverage of two. Haplogroups were assigned using HaploGrep366 based on Phylotree
(mtDNA tree build 17, Forensic Update 1.2) (Table S1A).

Y-chromosome lineages in male individuals were determined by annotating the path of derived mutations27 following the YFull
v8.09 nomenclature. The haplogroup corresponding to the most derived mutation was additionally reported using International
Society of Genetic Genealogy (ISOGG, version 15.73) nomenclature. Low-coverage assignments were manually inspected by
visualizing alignments at haplogroup-informative positions using IGV.

Kinship Inference
READv268 was applied to infer relationships up to the second degree, including in low-coverage individuals. To ensure independence
from within-population diversity, we normalized the proportion of non-matching alleles (P0) prior to classification, using default
window size and median pairwise P0 settings. Pairwise comparisons were performed across the 1) full dataset and 2) within broad
chronological (Roman and post-Roman) and geographic (Northern and Southern Iberia) subsets to account for ancestry heteroge-
neity. We considered pairs with >2,000 overlapping SNPs as reliable for inference.

KIN69 was used to determine the specific nature of first-degree relationships, including the Vilanova–Blanes pair, which was in-
ferred to represent full siblings. To control for ancestry heterogeneity, we repeated analyses including individuals with similar
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ancestry profiles. We further assessed robustness by down-sampling individuals from the Hazleton North pedigree87 to comparable
coverage levels, confirming accurate first-degree relationship classification at the coverage observed in our dataset.

For higher-coverage individuals (>0.75x coverage for in-solution hybridization capture data71) we additionally computed shared
IBD segments using imputed genome-wide data.

Imputed genomes were generated using GLIMPSE270 with default parameters, using haplotypes in the 1000 Genome Project as
the reference panel50; as described by Ringbauer et al.71

We called Identical by Descent (IBD) segments between pairs of individuals using ancIBD,71 using default parameters and geno-
type likelihoods of the 1240k panel positions as described by Ringbauer et al.71

Aneuploidy and Runs of Homozygosity Analysis
We calculated possible aneuploidies by computing the mean coverage at the 1240k SNP array of each chromosome divided by the
mean coverage at 1240k array autosomal SNPs. Assuming a normal ploidy this ratio should be around 1 for the autosomes.

For the sex chromosomes: values of 1 for females and 0.5 for males at the X chromosome were assumed if no aneuploidies are
present, and 0 for females and 0.5 for males for the Y chromosome if no aneuploidies are present. We identify no apparent aneu-
ploidies in any of the newly reported individuals.

Runs of homozygosity (ROHs)
We assessed the possible presence of runs of homozygosity (ROHs) in the newly reported ancient individuals by applying the hap-
ROH software (https://github.com/hringbauer/hapROH), with default parameters and thresholds as described in Ringbauer et al.72,73

We do not detect significant ROHs in any of the newly reported individuals of the dataset.

Principal Component Analysis (PCA)
We conducted Principal Component Analysis (PCA) with the ‘‘smartpca’’ tool in EIGENSOFT74,75 (v7.2.1). Ancient individuals were
mapped onto present-day individuals’ calculated principal components using ‘‘lsqproject:YES’’ and ‘‘shrinkmode:YES’’.

We computed 5 PCAs for the current analysis:
1)West Eurasian PCA (Figures 1C–1F; Data S1; Figure S4; higher PCs can be assessed in Data S1 and Figure S5), where PCs were

computed on the HO dataset using 1,036 present-day West Eurasian individuals genotyped on the Human Origins array.74 This PCA
illustrates the genetic affinities of our samples to European, Levantine, and Middle Eastern populations.

2)North-Africa West Eurasia PCA (Data S1; Figure S3A), where PCs were computed using 1314 present-day West Eurasian and
North African present-day individuals genotyped on the Human Origins array.74

3)Sub-Saharan African PCA (Data S1; Figure S3B), where the PCs were computed using 1722 West Eurasian, North African and
sub-Saharan African present-day individuals genotyped on the Human Origins array.74 From this analysis, we infer that none of the
newly reported individuals carries detectable Sub-Saharan African ancestry. This observation is in line with the f-statistics model
exploration (see Data S1, section 5).

4)European HO PCA (Data S1; Figure S3C) where the PCs were computed using 883 present-day South and North European in-
dividuals genotyped on the Human Origins array.74

5)1000G PCA (Data S1; Figure S8C), where the PCs were computed using 309 individuals with European ancestry sequenced for
the 1000 genome project. The population tags (in 1000G50,51) were TSI, IBS and CEU.

Ancestry modeling of ancient individuals
Individual-level ancestry was inferred using qpAdm for 269 Roman and Late Antiquity individuals (newly reported and previously pub-
lished) that had passed previously explained filters using qpAdm (ADMIXTOOLS76 v6.0) on 1,233,013 SNPs shared between 1240k
and Twist capture panels. We used allsnps: YES to maximize SNP overlap and, where possible, avoided genomic data deriving from
shotgun sequencing technologies to minimize capture bias effects.

A set of diverse Bronze and Iron Age populations was used as outgroups spanning ancient Africa, Europe, and the Near East to
differentiate Iberian, Eastern Mediterranean, North African, Central European and Steppe-related ancestry (Populations tagged:
‘‘mota’’, ‘‘Germany_EBA_Unetice.AG’’, ‘‘Greece_Mediterranean_BA’’, ‘‘Iberia_EBA_Argar’’, ‘‘Kazakhstan_Sarmatian_IA’’, ‘‘Moroc-
co_Iberomaurusian.AG’’ and ‘‘Turkey_Alalakh_MLBA.AG’’ in Table S1B; and described in depth in Data S1, section 5.1).

Models were tested iteratively for three-way, four-way, and nested models to resolve contributions from Iberian, Eastern Mediter-
ranean, North African, Central Mediterranean, Central/Northern European, and more potential proxy sources from Late Antiquity
chronologies. (Populations tagged: ‘‘CNE_EarlyMedieval’’, ‘‘Iberia_IA’’, ‘‘Italy_Lazio_Viterbo_Etruscan’’, ‘‘Italy_Sicily_Punic_Roman’’,
‘‘Netherlands_MBA_IA’’, ‘‘North_Africa_Punic’’, ‘‘Steppe_IA’’ and ‘‘WestAnatolia_Roman_Byzantine’’ in Table S1B; and described in
depth in Data S1, section 5.)

To assess robustness in low-coverage individuals, and validate assignment among alternative European proxies (local Iberian,
Central Mediterranean and Central/Northern European), we implemented two robustness checks:

1)Targeted f4 affinity tests (Z > |3| threshold) comparing each individual’s shared drift to the three alternative European sources
(Data S1, section 5.4).

2)qpAdm source–outgroup rotation to assess model stability under proxy substitution (Data S1, section 5.4).
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Ancestry modeling of present-day populations
We modeled present-day Iberian populations from the 1000 Genomes Project50,51 using the same qpAdm frameworks described
previously for ancient individuals (STAR Methods ‘‘Ancestry Modeling of ancient individuals’’, Data S1, sections 5.1–5.3). Individuals
were grouped by administrative region as defined in the 1000 Genomes dataset (Table S4A; Data S1, section 5.5).

We evaluated model performance under different SNP filtering strategies. Specifically, we 1) pruned SNPs known to exhibit strong
capture-related bias, retaining 620,466 SNPs,19 and 2) generated a randomly down-sampled dataset of equal size to control for loss
of statistical power (Table S4A).

To further characterize genetic affinities between present-day Iberians and ancient or modern populations sourced from different
geographical regions, focusing mostly in European and African populations (Tables S4B and S4C), we computed outgroup f3 statis-
tics using ADMIXTOOLS76 (v.6.0). Tests were performed on the full 1240k SNP dataset (unpruned) to maximize overlap. To minimize
bias, we restricted interpretation to tests with >600,000 overlapping SNPs.

Admixture Dating (DATES)
We applied DATES77 (https://github.com/MoorjaniLab/DATES_v4010) to admixed individuals modeled with Iberian, Eastern Medi-
terranean, North African, and Central-Northern European sources (Tables S3A and S5B) to estimate admixture timing for each of
the admixture events; grouping all admixed individuals (Table S3A) to test as a meta-population (Table S5B; individual models are
commented in Data S1, section 5.6). We ran the tool with parameters: binsize = 0.001, maxdist = 1, jackknife=Yes, qbin=10, run-
fit=Υes, affit=Yes, and lovafit of 0.45; with a random seed.
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