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Ancient Egyptian society flourished for millennia, reaching its peak during the Dynastic
Period (approximately 3150-30 BCE). However, owing to poor DNA preservation,
questions about regional interconnectivity over time have not been addressed because
whole-genome sequencing has not yet been possible. Here we sequenced a 2x coverage
whole genome from an adult male Egyptian excavated at Nuwayrat (Nuerat, </ 3).
Radiocarbon dated to 2855-2570 cal. BCE, he lived a few centuries after Egyptian
unification, bridging the Early Dynastic and Old Kingdom periods. The body was
interred ina ceramic pot withina rock-cut tomb?, potentially contributing to the DNA
preservation. Most of his genome is best represented by North African Neolithic
ancestry, among available sources at present. Yet approximately 20% of his genetic
ancestry can be traced to genomes representing the eastern Fertile Crescent, including
Mesopotamia and surrounding regions. This genetic affinity is similar to the ancestry
appearingin Anatolia and the Levant during the Neolithic and Bronze Age*”. Although
more genomes are needed to fully understand the genomic diversity of early Egyptians,
ourresults indicate that contacts between Egypt and the eastern Fertile Crescent were
not limited to objects and imagery (such as domesticated animals and plants, as well as

writing systems)®® but also encompassed human migration.

For thousands of years, the Egyptian Dynastic civilization (approxi-
mately 3150-30 BCE) developed monumental architecture, sophisti-
cated technology and relatively stable belief systems, becoming the
longest-lasting civilization known. Following the political unification of
thenorthernand southernregions of Egypt (Lower and Upper Egypt) at
the end of the fourth millennium BCE, the Old Kingdom (2686-2125 BCE)
witnessed considerable advances, including the construction of the
first step pyramid complex of King Djoser and the ‘Great Pyramid of
Giza’ built by King Khufu. The population has been considered to be
of local origin, with limited input from neighbouring regions®™. Yet,
more recent archaeological evidence shows that trade connections
existed across the Fertile Crescent since at least the sixth millennium
BCE’, if not earlier, with the advent of the Neolithic package (such as
domesticated animals and plants)®’. Cultural exchange continued
to develop through the late fourth millennium BCE with the growing
Sumerian civilization of Mesopotamia’ . This period overlaps with
the appearance of additional innovations in Egypt (suchasthe pottery
wheel)" and the earliest evidence of hieroglyphic writing in the form
of ivory tags in Tomb U-j at Abydos, dated 3320-3150 BCE’.

Our knowledge of ancient Egyptians has increased through decades
of bioarchaeological analyses'> ™, including dental morphological
studies on their relatedness to other populations in North Africa and
West Asia' '8, However, the lack of ancient genomes, particularly for
the early periods of Egyptian Dynastic history, remains a barrier to our
understanding of population continuity and gene flow in the region.
Although individuals from ancient Egypt were subjected to the first
effort toisolate ancient DNA®, direct genome sequencing has remained
elusive because of the challenging regional DNA preservation condi-
tions. So far, only threeindividuals from Abusir el-Meleq (Fig. 1a) have
yielded nuclear DNA, all post-dating the emergence of Dynastic Egypt
by thousands of years (from 787 cal. BCE to 23 cal. CE)*°. Moreover, these
arenot complete genome sequences but are limited to approximately
90,000-400,000 target-enriched genotypes. Over the millennia span-
ning the Dynastic Period, Egypt witnessed several wide-ranging wars,
occupation by foreign rulers and dramatic episodes of internal politi-
cal collapse (First, Second and Third Intermediate periods)*. Together,
these processes may have substantially altered or reshaped the overall
genetic structure and ancestry of the Egyptian population. Here we
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Fig.1|Geographiclocation and date of the Nuwayratindividual in context.
a, Geographiclocation of the Nuwayrat cemetery (red dot) and the previously
sequenced Third Intermediate Period individuals from Abusir el-Meleq?®
(purplediamond). b, Pottery vesselin which the Nuwayratindividual was
discovered. c, Cervical vertebrae belonging to the Nuwayrat individual with
evidence of extreme osteoarthritis (arrows).d, Summary of genomic and

present a whole-genome sequence of an ancient Egyptian individual
(2.02x coverage; Supplementary Table 1), recovered from anecropolis
at Nuwayrat (<'_n s, Nuerat; Fig. 1a).

The Nuwayratindividual

Nuwayrat is located near the village of Beni Hasan, 265 km south of
Cairo (Fig. 1a). Radiocarbon dating of the skeletal remains showed that
the Nuwayrat individual died between 2855 and 2570 cal. BCE (95.4%
probability; Supplementary Information section 1and Supplementary
Table 2), which overlaps with the Early Dynastic and Old Kingdom peri-
ods (Fig. 1e). This result supports the initial archaeological assessments
that material culture and funerary practices at the site were consistent
with those of the Third and Fourth Dynasties of the Old Kingdom"*,
The body was placed in alarge pottery vessel inside a rock-cut tomb
(Fig. 1band Extended DataFig. 1). This treatment would have ordinarily
beenreserved forindividuals of a higher social class relative to others
at the site?, as observed elsewhere during the Early Dynastic Period
and at the Old Kingdom royal cemeteries near the city of Memphis
(Supplementary Information section 1).

Although acknowledging known limitations in predicting pheno-
typic traits in understudied populations?, the Nuwayrat individual is
predicted to have had brown eyes, brown hair and skin pigmentation
ranging from dark to black skin, with a lower probability of interme-
diate skin colour (Methods and Supplementary Table 10). The indi-
vidual was genetically male (XY sex chromosomes; Supplementary
Table 1), consistent with the expression of standard skeletal features®
(Methods). Our further osteological examination revealed that he
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radiocarbondata. See the detailed breakdown of the quality indicators and
calibrationresults for the threereplicates and the combined datein
Supplementary Table 2. e, Egyptian civilization timeline and radiocarbon
date of the Nuwayrat and Third Intermediate Period individuals. mtDNA,
mitochondrial DNA. Photoinbreproduced courtesy of the Garstang Museum
of Archaeology, University of Liverpool.

would have stood 157.4-160.5 cm tall*®. He lived to an advanced age
for the time (approximately 44-64 years; the upper end of this range
is the most probable??), as evidenced by his heavily worn teeth and
age-related osteoarthritis in most joints and vertebrae, in some cases
severe (Fig. 1c). This and various activity-induced musculoskeletal
indicators of stress revealed that he experienced an extended period
of physical labour, seemingly in contrast to his high-status tomb burial.
The patterns of osteoarthritis and stress indicators further imply the
form of physical activity that he routinely engaged in, which some
researchers maintain can provide clues concerning occupation®?,
In this case, although circumstantial, they are not inconsistent with
those of a potter, as depicted inancient Egyptianimagery. Estimates of
biological affinity based on dental morphological features and cranial
measurements parallel the genomic results (below). More detailed
information about the Nuwayratindividualis presented in Supplemen-
tary Information section 2, with a facial depiction in Supplementary
Information section 3 (Extended Data Fig. 2).

Multi-isotope analysis (§2C, 8N, §®0 and ¥Sr/%¢Sr) was con-
ducted on dental enamel and dental collagen from the lower-left
second molar to determine his childhood diet and geographic origin
(Supplementary Information section 5). All results are consistent with
having grown up inthe hot, dry climate of the Nile Valley (60 v, vsmow =
23.6%o, where VSMOW indicates Vienna Standard Mean Ocean Water;
8Sr/%Sr = 0.707888)*°32 and consuming an omnivorous diet based
on terrestrial animal protein and plants, such as wheat and barley
(8"Cypps = —19.6%0, where VPDB indicates Vienna Pee Dee Belemnite;
SN,r =12.3%0)%, typical for Egyptians until the Coptic period®*.
An elevated 6N value, frequently observed in isotope studies of
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Fig.3|Ancestry models of the Nuwayrat genome. a, Ancestry proportion of
Nuwayrat and comparative Bronze Age Levantine and Anatolian genomes for
the best-fit fullmodel (qpAdm). Alternative same-rank models passing P> 0.05
withalower Pvalue are shownin Supplementary Table 6. Values represent
best-fitting model estimates + 1standard error. This analysis was conducted
overn=>537,543 SNPs for NUEOO1, n = 518,994 SNPs for Anatolia_BA, n = 554,622
SNPs for Ain’ Ghazal, n = 493,274 SNPs for Ashkelon, n = 578,969 SNPs for
Baq’ah, n=574,452 SNPs for Ebla, n=552,505 SNPs for Hazor and n = 513,561
SNPs for TelShaddud. b, Estimation of the best source responsible for

ancient Egyptians, may have been caused by the arid environment® ¥,
eating foods raised on manured fields* and/or inclusion of Nile fish
in the diet*.

Ancient genome sequencing

Seven cementum-enriched DNA extracts were prepared into single-
stranded DNA sequencing libraries® and screened on an Illumina plat-
form. Five of these libraries showed degradation patterns expected for
ancient DNA with evidence of elevated rates of cytosine-to-thymine
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deviation of the Nuwayrat genome from the Middle Neolithic Morocco group
asf,(NUEOO1, Morocco_MN; Mesopotamia_N, Ju|’hoan). Symbols representf,
value + 1standard error.*Zscore > 2;**Zscore > 3. The analysis was conducted
over 280,544 SNPs. c¢,d, Map (c) and timeline (d) of rotating sources used to
infer the proximal ancestry of the Nuwayrat and Bronze Age Levantine and
Anatoliangenomes (shownin a), with the dark-yellow area corresponding
totheFertile Crescent. The timelineind isbased on Egyptian cultural
transition dates.

substitutions at the first base of the sequence alignments (more than
30%) and low contamination estimates for both nuclear and mitochon-
drial DNA (0-3%; Fig. 1d); the two remaining libraries were discarded
because of elevated contamination estimates (Extended Data Fig. 3
and Supplementary Table 1(Y11473 and Y11476)). The two libraries
(Y11475 and Y11477) with the highest proportion of reads mapping
to the reference human genome (6.0% and 3.2% of all sequences)
were further sequenced on Illumina NovaSeq 6000 and NovaSeq
X platforms to generate a total of 8.3 billion 2 x 100 sequence read
pairs.
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Fig.4|Ancestry models of later Egyptians. a, Ancestry proportions of the
Third Intermediate Period genomes for the best-fit model (qpAdm). Alternative
two-source and three-source models passing P> 0.05arereportedin
Supplementary Table 7. This analysis was conducted over 290,262 SNPs.

b, Ancestry proportions of the present-day Egyptian genomes for the best-fit
model (qpAdm). For b, alternative two-source and three-source models passing

We merged the Nuwayrat genome (NUEOO1) with those of 3,233
present-day individuals that were either whole-genome sequenced or
genotyped onthe Human Origins Array and 805 ancient individuals with
either whole-genome or 1.2 million single nucleotide polymorphism
(SNP) capture data. Wefirst projected the Nuwayrat genomeina prin-
cipal component analysis (PCA) using a population panel representing
present-day worldwide genetic diversity. The Nuwayrat individual is
genetically most similar to present-day peoplein North Africaand West
Asia (Fig. 2a and Extended Data Fig. 4), which is consistent with the
results from ADMIXTURE clustering*® (Extended DataFig. 5). The mito-
chondrial DNA (haplogroup I/N1alb2) and chromosome Y (haplogroup
E1blblb2b-) haplogroups of the Nuwayratindividual are most common
in present-day North African and West Asian groups (Supplementary
Table 4), consistent with the whole-genome affinities. Furthermore,
the Nuwayrat genome had no extended runs of homozygosity above
4 cM, indicating no recent consanguinity in his ancestry*.

P>0.05arereportedin Supplementary Table 8. This analysis was conducted over
767,305 SNPs. Values represent best-fitting model estimates + 1standard error
(a,b).c,d, Map (c) and timeline (d) of rotating sources used toinfer the ancestry
ofthe two Third Intermediate Period and/or the present-day Egyptian genomes.
Thetimelineindis based on Egyptian cultural transition dates. BA, Bronze Age;
Chl., Chalcolithic; Hist., historical period; 1A, Iron Age; Neo., Neolithic.

Ancestry of the Nuwayrat genome

We used the qpAdm*? framework to model the genetic ancestry
components that best represent the Nuwayrat genome using a fully
rotating model competition approach, in which a set of candidate
populations are iteratively used as sources to construct one-source,
two-source and three-source population ancestry models, whereas
the remaining candidates are set as outgroup (right) populations***
(Supplementary Information section 4). We used a set of 13 populations
from Neolithicand Chalcolithic West Asia, North Africaand the North
Mediterraneanregion that predate the Nuwayratindividual as potential
sources (Fig. 3c,d and Methods). No single-source model fitted the data
(maximum P value observed = 2.39 x 10~ for a model with Morocco_
MN as a single source). Instead, a single two-source model (P = 0.12)
met the significance criteria (P> 0.05), which consisted of a mixture
of 77.6 + 3.8% ancestry represented by genomes from the Middle

Nature | www.nature.com | 5
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Neolithic Moroccan site of Skhirat-Rouazi dated to 4780-4230 BCE
(Morocco_MN), and the remainder most closely related to genomes
from 9000 to 8000 BCE Neolithic Mesopotamia (22.4 + 3.8%; Fig. 3a).In
addition, two three-source models showed similar ancestry proportions
but with a minor contribution of a third ancestry component repre-
sented by genomes from the Neolithic/Chalcolithic Levant (4.7 + 8.2% at
P=0.11and1.1+8.7% at P= 0.07, respectively; Supplementary Table 6).

Allaccepted gpAdm models showed the presence of ancestry related
to Middle Neolithic Morocco in the Nuwayrat genome; therefore, our
results could indicate shared ancestry across North Africa during
this period and, consequently, that local Egyptian Neolithic popula-
tions contributed genetically to the Early Dynastic and Old Kingdom
people, as indicated from material culture”®'® and bioarchaeological
analyses'*. However, because the genomes from Middle Neo-
lithic Morocco have previously been modelled to comprise both
Iberomaurusian-like and Levantine Neolithic ancestry components®,
whichwe corroborated (Extended DataFig. 6, Supplementary Informa-
tion section 4 and Supplementary Table 5), the affinity to Levantine
Neolithic groups could reflect several migration events. To explore
these alternative hypotheses in detail, further ancient DNA studies on
pre-Bronze Age genomes from North Africa are required.

The second genetic ancestry component detected in the Nuwayrat
individual is most closely related to Neolithic Mesopotamians, out of
the potential sources included in the model competition (Methods).
To further examine the putative affinity to Neolithic Mesopotamia,
we computed a series of f, statistics testing whether a set of groups
share more derived alleles with Nuwayrat than with Middle Neolithic
Moroccointhe formf,(NUEOO1, Morocco_MN; X, Ju_hoan_North.DG);
here X represents the rotating sources of the qgpAdm model with the
addition of Levantine Palaeolithic, Anatolian Palaeolithic and Bronze
Age Levantine genomes. The statistic was maximized and statistically
significant with Neolithic Mesopotamia as X (Z score = 3.2; Fig. 3b).
The affinity is also seen in the statistic f,(NUEOO1, Morocco_MN;
Mesopotamia_N, X), which is positive for all tested populations as X,
consistent with anancestry affinity between the individual from Nuway-
ratand Neolithic Mesopotamia, with Zscores > 2 for all, except Zagros
and Caucasus groups and Chalcolithicand Bronze Age Levantine groups
(Supplementary Table 9).

Althoughwe caution thatthese results are based onasingle Egyptian
genome, they mirror another study that found evidence of gene flow
from the Mesopotamian and Zagros regions into surrounding areas,
including Anatolia, during the Neolithic?. Together with archaeological
evidencefor cultural exchange®’, these findings open the possibility that
wider culturaland demographic expansion originating in the Mesopota-
mian region reached both Egypt and Anatolia during this period. How-
ever,morerecent migrations fromthe eastern Fertile Crescent during the
Chalcolithicand Bronze Age further altered the Anatolianand Levantine
genetic landscapes® . Related movements may have introduced the
Mesopotamian-like ancestry more recently in Egypt. We tested this by
applying the same full gpAdm model to target groups from the Bronze
Age Anatolia and Levant (genomes from the Bronze Age Levant were
grouped into eight archaeological sites>*>***, of which all models for
Megiddo and Yehud were rejected; Supplementary Table 6). Although
we replicated previous findings that all Levantine Bronze Age groups
trace 18.7-79.8% of their ancestry to Neolithic or Chalcolithic Levan-
tinegroups®>*¢* wealso detected ancestry from Neolithic Mesopota-
mia at three sites (Ebla, Baq'ah and Ashkelon), considering the best-fit
models, in proportions (41.8-54.8%) exceeding those in the Nuwayrat
genome (Fig. 3a and Supplementary Table 6). However, the initial full
gpAdmmodel, extended toinclude the Bronze Age Levant as a potential
source, caneffectively be rejected for the Nuwayrat genome (P=0.013;
Supplementary Information section 4). Notably, the best model for
the Nuwayrat genome fits worse when these groups are included as
reference groups (P= 0.021; Supplementary Information section 4).
This means that we cannot exclude the possibility that the Neolithic
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Mesopotamian-like ancestry inthe Nuwayrat genome could have arrived
by means of more recent unsampled intermediaries in the Levant.

Although the timing of the admixture event cannot be estimated
directly (Supplementary Table 11and Supplementary Note 4), this find-
ing provides direct evidence of genetic ancestry related to the eastern
Fertile Crescent in ancient Egypt. Archaeological evidence lends sup-
port to the Early Neolithic shared regional ancestry between Egypt
and West Asia. Given its proximity, Egypt was one of the first external
areas to adopt the Neolithic package that emerged across West Asia
as early as the sixth millennium BCE or before®*#*°, which could have
corresponded with movements of people. This period is concomi-
tant with the observed gene flow from Mesopotamia to Anatolia?,
which may have expanded into Egypt as well. In support, a substan-
tial change in odontometric and dental tissue proportions occurred
approximately 6000 BCE in the Nile Valley, with general continuity
thereafter*™. Along with marked temporal differences in subsistence
(suchas domesticated plants and greater sedentism) and material cul-
ture (such as theintroduction of pottery), this isindicative of disconti-
nuity between the Mesolithic (eighth to seventh millennium BCE) and
Neolithic populations®. Cultural exchange and trade then continued
through the fourth millennium BCE when Mesopotamian Late Uruk
period featuresfiltered into the Nile Valley during the later Predynastic
Period”**!. Trade might have been routed through the Mediterranean
and Red Seas rather than the Sinai Desert” Such seaborne mobility
could explain a scenario in which the source population did not come
into contact with the Chalcolithic/Bronze Age Levantines. Our results
indicate that this millennia-long process might not have only included
cultural transmission but also migration and subsequent admixture.

Moreover, itis notable that both our qpAdm modelling and ADMIX-
TURE clustering excluded any substantial ancestry in the Nuwayrat
genomerelated tothe 4,500-year-old genome from Mota, Ethiopia or
other individuals in central, eastern or southern Africa (Figs. 2and 3
and Extended DataFig. 5)*. Nevertheless, we found that the Nuwayrat
genome fits as an equally good source as Levant Chalcolithic groups
for the West Eurasian-related component of East African pastoralist
genomes, but ancient DNA data are still missing for many putative
source regions (Extended Data Fig. 7, Supplementary Information
section 4 and Supplementary Table 12)*%,

Ancestryinlater Egypt

The Nuwayrat genome extends the genetic record of ancient Egypt
beyond previously published datafrom the Third Intermediate Period
(787-544 BCE; Fig. 1e). We modelled these latter individuals? using
qpAdm with putative sources from a set of nine populations from
North Africa (including Nuwayrat), West Asia and Greece, who lived
between the Old Kingdom and the Third Intermediate Period and also
included genomes from the Middle Neolithic Morocco and Neolithic
Mesopotamia (see Supplementary Information section 4 for more
models that tested the potential overfitting of these sources). We can
rejectall one-source models, including one with 100% continuity from
Nuwayrat to the Third Intermediate Period (P=3.00 x 107). Two similar
two-source models fit the data (Fig. 4a and Supplementary Table 7),
differing only in whether the Nuwayrat or Middle Neolithic Moroccan
individuals are one of the best-fit sources. In both models, the main
source of ancestry is the Bronze Age Levant (for example, 64.5 + 5.6%
inthe model withMiddle Neolithic Morocco; P= 0.32; Supplementary
Information section 4). These results are consistent with the Third
Intermediate Period genomes deriving part of their ancestry from
local groups related to the Nuwayrat individual while evidencing a
significant increase in Levantine ancestry.

Evidence of gene flow from the Levant by the time of the Third Inter-
mediate Period could be linked to the proposed Bronze Age Canaan-
ite expansion, starting at the end of the Middle Kingdom period.
On the basis of archaeological findings, whether this was a gradual



assimilation process® or arapid shift, such as the settlement of Hyksos
rulers®*¥  is still debated. Overall, this period also overlaps with the
well-characterized Late Bronze Age collapse that witnessed rapid soci-
etaland economic upheaval across the Mediterraneanregion, leading
to or being caused by widespread population movements®**° However,
the temporaland geographical limitations of the current genomic data
donot allow firm conclusions to be drawn.

We next tested how present-day Egyptian ancestry could be traced
to the Bronze Age populations living in North Africa, including the
Nuwayratindividual, West Asia, Europe and sub-Saharan Africa, using
gpAdm. Despite substantial heterogeneity, most present-day Egyp-
tian genomes can be modelled as deriving their ancestry from five
sources related to (1) Nuwayrat (32.1-74.7%); (2) Middle Neolithic
Morocco (28.9-72.7%); (3) Bronze Age Levant (11.6-57.1%); (4) the
4,500-year-old individual from Ethiopia (‘Mota’) (7.4-56.0%); and
(5) two approximately 230-year-old individuals from Congo (4.8-
52.0%) (Fig. 4b and Supplementary Table 8). Thus, if tracing the
ancestry of many present-day Egyptians in our study to the Bronze
Age, much of itwould be found in groups related to Nuwayrat or alter-
natively to sources best represented by Middle Neolithic Morocco
from which approximately 80% of Nuwayrat’s ancestry derives. The
second most common ancestry component is related to the Bronze
Age Levant, consistent with the ancestry detected in the Third Inter-
mediate Period individuals. Bronze Age Caucasus ancestry is present
inafraction of the present-day Egyptians but is similar to the Bronze
Age Levantancestry®®. Our models show a more recent arrival of East
and West African ancestries in present-day Egyptians, which has also
been previously suggested®® and dated to 27 generations ago using
linkage disequilibrium-based admixture dating®’. Moreover, we note
thatthereisasubstantial diversity in ancestry across Egypt; approxi-
mately 20% of the present-day Egyptian genomes included here did
not fit the model described above.

Conclusions

Our results demonstrate the feasibility of ancient genome sequenc-
ing from the earliest stages of the Egyptian Dynastic civilization. One
possible explanation for the successful whole-genome retrievalis the
potburial, which may have favoured a degree of DNA preservation not
previously reported in Egypt. This contributes to the road map for
future research to obtain ancient DNA from Egypt®. Although our anal-
yses are limited to asingle Egyptianindividual who, on the basis of his
relatively high-status burial, may not be representative of the general
population, our results revealed ancestry links to earlier North African
groups and populations of the eastern Fertile Crescent. Analogous
links were indicated in our biological affinity analyses of dental traits
and craniometrics of the Nuwayrat individual, as well as in previous
morphological studies based on full samples. The genetic links with the
eastern Fertile Crescent also mirror previously documented cultural
diffusion (such as domesticated plants and animals, writing systems
andthe pottery wheel), opening up the possibility of some settlement
of peoplein Egypt during one or more of these periods. The Nuwayrat
genome also allowed us toinvestigate the Bronze Age roots of ancestry
inlater Egypt, highlighting the interplay between population move-
mentand continuity in theregion. Future whole-genome sequencing of
DNA from moreindividuals will allow for amore detailed and nuanced
understanding of ancient Egyptian civilization and its inhabitants.
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Methods

Provenance and ethics

The human remains were excavated from the Nuwayrat necropolis
near Beni Hasan, Egypt. They were donated between 1902 and 1904
by the Egyptian Antiquities Service to the members of the Beni Hasan
excavation committee and subsequently donated to the Institute of
Archaeology, University of Liverpool and exported under the John
Garstang export permit. The human remains were then donated to
the World Museum (previously the Liverpool City Museum) in 1950.
Sampling permit was granted by the World Museum.

Ancient DNA extraction, library preparation and sequencing
Sampling and DNA extraction of seven permanent teeth belonging
to anindividual from Nuwayrat were carried out in dedicated ancient
DNA facilities at Liverpool John Moores University. Library preparation
and sequencing were carried out at The Francis Crick Institute (Sup-
plementary Table 1). Before subsampling, the teeth were decontami-
nated by wiping with 1% sodium hypochlorite, followed by wiping with
molecular biology grade water and ethanol. Approximately 44-66 mg
of cementum-enriched powder was extracted from each tooth usinga
Dremel drill at the lowest possible rotations per minute (5,000 rpm).

DNA was extracted using 1 ml of extraction buffer consisting of 0.45 mi
of 0.5 MEDTA (pH 8.0) and 10 pl of 10 mg ml™ proteinase K per 50 mg of
bone powder. The mixture wasincubated overnight (approximately 18 h)
at 37 °C and purified on the High Pure Viral Nucleic Acid Large Volume
Kit (Roche) using abinding buffer describedin ref. 63 and QIAGEN buffer
PE.DNA was eluted in approximately 100 pl of QIAGEN elution buffer.

Extracts were turned into single-stranded DNA libraries® (with-
out treatment to remove uracils), double-indexed®* and then under-
went paired-end sequencing on a HiSeq 4000 to approximately
seven million reads per library for initial screening (Supplementary
Table 1). All samples were processed alongside negative lysate and
extraction controls and positive and negative library controls. On the
basis of the assessment of the initial sequencing results, two libraries
were selected for extra rounds of deeper sequencing on the NovaSeq
6000 and NovaSeq X platforms, following the selection of fragments
greater than 35 bp using polyacrylamide gel electrophoresis® for the
library built from the NUEOO1b5el extract (Supplementary Table 1),
with aresulting total of 8.3 billion 2 x 100 sequence pairs.

Radiocarbon dating

New radiocarbon dating was generated for the individual that yielded
DNA from Nuwayrat (NUEOO1) by Beta Analytic using accelerator mass
spectrometry. We directly dated the upper-left third molar (NUEOO1b3)
and lower-left first premolar (NUEOO1b5), both of which yielded DNA
that was deep sequenced (Supplementary Table 1). The results are
reported in Supplementary Table 2. The femur of this individual
was previously radiocarbon dated®®®” (Supplementary Information
section1and Supplementary Table 2). All dates were calibrated using
OxCalv.4.4.4 (ref. 68) with atmospheric data in IntCal20 (ref. 69). We
also combined the three independent dates using the R_Combine()
functionin OxCal’® (Supplementary Table 2). We rounded the calibrated
dates outwards to 10 years unless error terms were smaller than +25bp,
in which case we rounded outwards to 5 years™.

Isotope analysis

Dental collagen and enamel were extracted from the lower-left second
molar. Dentine collagen was extracted for carbon (6"C) and nitro-
gen (8"N) isotope analysis following a modified Longin method””>.
Mass spectrometry was performed using a Flash 1112 series elemental
analyser coupled with a Finnigan DELTA V Advantage (Thermo Fisher
Scientific) using established protocols™. Analytical precision (10) of
the in-house calibrated standards™ were 0.08 and 0.07 for §°C and
85N, respectively.

Forenamel, after surface abrasion, aslice (3.6 mm wide) was extrac-
ted, and all adhering dentine was removed. Two fragments were pow-
dered, one of which was pre-ultrasonicated. A minimum of 3.0 mg was
analysed for the oxygen isotope composition of enamel carbonate
(8™0,). Samples were acidified for 5 min with more than 100% ortho-
phosphoricacid (density approximately1.9 gcm™)at 70 °Cand analysed
in duplicate using a MAT 253 dual-inlet mass spectrometer (Thermo
Fisher Scientific) coupled to aKiel IV carbonate preparation device
using established protocols™. Isotope values are reported as per mille
(*®0/"0) normalized to the Vienna Pee Dee Belemnite (VPDB) scale using
anin-house carbonate standard (BCT63) calibrated against NBS19. The
long-term reproducibility for §'80 BCT63 is £0.04 %0 and +0.03%o for
8C (10). The oxygen carbonate values ('O pp) Were converted to the
Vienna Standard Mean Ocean Water (VSMOW) scale” and phosphate
(8180PVSMOW)76-

The remaining enamel fragment (56.3 mg) was cleaned in an ultra-
sonicbath, digestedin8 MHNO; and heated overnight at120 °C.Sr-Spec
was used for strontium extraction, following the revised version of Font
etal.”.Once column-loaded in1 ml of 8 MHNO,, matrix elements were
eluted in washes of 8 M HNO;, and samples were placed on a hotplate
(120 °C) overnight, with arepeat pass following. The sample was redis-
solved in 2% HNO,, and the Sr/**S ratio was measured usingaNeoma
multi-collector inductively coupled plasma mass spectrometry with
tandem mass spectrometry (MC-ICP-MS/MS, Thermo Fisher Scien-
tific). Instrumental mass bias was corrected for using the exponential
law and anormalization ratio of 8.375209 for ®Sr/%Sr (ref. 78). Residual
krypton (Kr) and rubidium (¥Rb) interferences were monitored and cor-
rected using 3*Kr and #Kr (¥*Kr/3*Kr = 0.20175 and #*Kr/%*Kr = 0.66474;
without normalization) and *Rb (¥Rb/*Rb = 2.5926), respectively.
The accuracy of the method was assessed by measuring the EC-5 coral
standard (¥Sr/%Sr: 0.709171 + 0.000016 (20; n = 14), consistent with
the expected value for seawater). The datawere also corrected against
aNationalInstitute of Standards and Technology Standard Reference
Material 987 value of 0.710248 (ref. 79). The procedural blank was less
than 75 pg of Sr, negligible relative to sample Sr.

Osteological analyses
Following elementinventory, our determination of the Nuwayrat indi-
vidual’s sex was based on standard morphological indicators across the
skeleton (protocol in Buikstra and Ubelaker®). Ageing was estimated
fromthe dentition, cranium and postcrania®?8°8 For stature, several
approaches were used® ¥, with the most likely estimate based on direct
stature reconstruction of ancient Egyptians following ref. 26.
Biological affinity was assessed from two long-recognized methods:
dental non-metric traits® and craniometrics (for example, Howells®’).
First, the rASUDAS application was accessed (https://osteomics.com/
rASUDAS2/)®. It used up to 32 crown and root traits for comparison with
datafromseven global populationsamples. Second, the craniometric
approachused the CRANID program CR6bIND, with 29 measurements
for comparison with a database of 74 premodern through recent global
samples, including Late Dynastic Egyptians and ancient West Asians®".
Our recording and description of skeletal pathology, related
primarily to age-related breakdown, follow accepted methods>>%,
This and activity-induced musculoskeletal stress markers (details in
previous studies?®****) were used to ascertain the level of physical activ-
ity. Although not without criticism®?, they have been used to infer
occupationbyidentifying common positionsand movementsin life. For
that purpose, the latter were compared withillustrations of individuals
engaged in arange of common jobs, as depicted on ancient Egyptian
tomb walls and in statuary (Supplementary Information section 2).

Facial reconstruction and depiction

Craniofacial analysis and facial reconstruction from skeletal remains
were carried out using three-dimensional laser scan data of the skull
(collected using an Artec Space Spider scanner), Touch X haptic device
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and Geomagic Freeformsoftware”. Egyptian male data®® were used to
estimate facial tissues at anatomical points across the skull surface.
The muscles of the head and neck were imported from the Face Lab
database and remodelled to fit the skull following anatomical guide-
lines?. Morphometric standards were used®*'°° to estimate facial
feature morphology, such as eye and nasal shape, lip and ear pattern
and structural creases. A final facial depiction was produced using
two-dimensional photo-editing software. It isimportant not to con-
sider afacial depiction as a portrait or definitive image because it can
only visualize the available information'®. In this case, although DNA
analysis indicated the most probable population of origin, there was
no evidence in relation to skin colour and hair colour. Therefore, the
facial depiction was produced in black and white without head hair or
facial hair (Supplementary Information section 3).

Bioinformatics data processing and authentication

Read alignment was performed following the pipeline in the study
of Swali et al.'®2, Samples were processed through the nf-core/eager
v.2.3.3 pipeline’®, First, adaptors were removed, paired-end reads
were merged and bases with a quality below 20 were trimmed using
AdapterRemovalv.2.3.1(ref. 104) with -trimns -trimqualities —collapse
-minadapteroverlap1and -preserve5p. Merged reads withaminimum
length of 35 bp were mapped to the hs37d5 human reference genome
with Burrows-Wheeler Aligner (BWA-0.7.17 aln)'%® using -116500 -n
0.01-02-t1(ref.106). Duplicate reads were removed using DeDup
v.0.12.8 (ref. 107). Finally, we removed the alignments with mapping
quality below 30 and containing indels.

We used mapDamage v.2 (ref. 108) to visualize the substitution distri-
butionalongthereadsand evidence the presence of deaminated mol-
eculestypical of ancient DNA. Contamination was estimated using three
different data sources: (1) genome-wide present-day contamination
using the conditional substitution rate’® computed using PMDtools
v.0.60 (ref. 110); (2) present-day mitochondrial DNA-based contami-
nation using schmutzi (commit be61017)™; and (3) chromosome X
contamination on libraries assigned as male using ANGSD v.0.933
(ref. 112), restricted to the non-recombining region of chromosome X.
Allthelibraries from NUEOO1 show little to no contamination, except
two libraries with sequencing identification numbers SKO719A1706
and SKO719A1709 (Extended Data Fig. 3 and Supplementary Table 1).

Molecular sexing

The biological sex of the sequenced individual was determined using
the R, parameter'®, which is the ratio of the number of alignments to
the Y chromosome (n,) to the total number of alignments to both sex
chromosomes (n,+n,), R,=n,/(n,+n,). Alllibraries are consistent with
NUEOO1 beingkaryotypically male, except the results fromthelibrary
SKO719A1706 consistent with being female, whichis probably a result
of contamination (Supplementary Table 1).

SNP calling in the Nuwayrat individual

We merged the sequencing data from five libraries from the Nuway-
rat individual showing an absence of present-day human DNA con-
tamination, yielding a total of 135,606,409 mapped unique reads of
44.63 bp on average, resulting in an average genome-wide coverage
of 2.02x. We called pseudo-haploid positions using SAMTools v.1.9
mpileup™ with options -B -R -Q30 and SequenceTools 1.5 (ref. 115)
with options -randomHaploid and -singleStrandMode. This approach
leverages the single-stranded library preparation to computationally
remove the effects of cytosine-deamination-derived sequence errors.
Specifically, at C/T SNPs, it removes all bases that are aligned onto
the forward strand; at G/A SNPs, it removes all bases on that aligned
to the reverse strand. This allows for a confident pseudo-haploid
genotyping even also at CpG context transitions, which are mostly
not repaired by the uracil-DNA glycosylase (UDG) treatment owing
to methylation™®.

Uniparental marker determination

We obtained the mitochondrial DNA consensus of the Nuwayrat individ-
ualfrom endogenous reads, removing the bases with quality below 20
(-q20) using schmutzi™. The mitochondrial haplogroup was assigned
using Haplogrep 3 (ref. 117).

The chromosome Y haplogroup was obtained using pathPhynder
withthe parameter-m ‘no-filter’, on the basis of approximately 120,000
SNPs extracted from worldwide present-day and ancient male chromo-
some Y variation and the International Society of Genetic Genealogy

v.15.73 (http://www.isogg.org).
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Comparison dataset

We merged the genome of the Nuwayrat individual with a comparison
dataset 0f 977 ancientindividuals? >204345-4753-5560119-160 g n 4 4 040 mod-
ernindividuals*#6122141158161-169 ganotyped on either the Human Origins
array'® (‘Human Origins’ dataset) or the 1.2 million SNP array (‘1240k’
dataset)™ (Supplementary Table 3). Most genotypes were directly
accessed from the Allen Ancient DNA Resource v.54.1 (ref. 170). We
added nine ancient genomes from Morocco® and 13 ancient genomes
from Mesopotamia'®® from raw mapped Binary Alignment Map (BAM)
files processed following the above-mentioned bioinformatic pipe-
line, with two modifications: (1) for the double-stranded UDG-treated
genomes from ref. 45, we trimmed the first and last three bases of the
reads and then called pseudo-haploid genotypes at both transition
and transversion sites; and (2) for the non-UDG-treated genomes from
ref.120, we called pseudo-haploid genotypes at transversion sites only.
Weincluded 100 present-day Egyptian genomes fromref. 164 in both
datasets. Individuals related up to the second degree, as detected in
previous studies, were excluded.

Principal component analysis

We computed two PCA on present-day individuals from the ‘Human Ori-
gins’ dataset using 593,124 substitutions through SMARTPCA (eigensoft
v.6.1.4)'°_ For the first analysis, we kept 3,233 individuals from across
the world and projected NUEOO1 on the resulting components. For the
second PCA, we kept 722 present-day individuals from North Africa,
West Asia and the Caucasus and projected NUEOO1 together with 781
ancientgenomes from North Africa, West Asia and the Caucasus. Both
analyses used transversions only (111,208 SNPs).

ADMIXTURE clustering

We used a model-based clustering approach from the program
ADMIXTURE v.1.2 (ref. 40) to estimate the ancestry components from
genomesinthe ‘Human Origins’ dataset. Allgenomes were transformed
into pseudo-haploid sequences, and transitions were removed. The
remaining 111,208 positions were subsequently pruned for SNPs in
strong linkage disequilibrium using PLINK v.1.9 (ref. 171), with the
parameter —indep-pairwise 200 25 0.4 to yield a final set of 71,202
transversion SNPs. ADMIXTURE was run with cross-validation enabled
using--cv flag for all ancestral population numbers from K =3to K= 20.

Runs of homozygosity

The presence and length of runs of homozygosity greater than 4 cM
inthe Nuwayrat genome were estimated using hapROH v.0.64 (ref. 41)
on the 1.2 million SNP set of sites.

qpAdm modelling

For all gpAdm modelling in this study, we estimated the ancestry
proportions as a mixture of a set of left (source) rotating popula-
tions differentially related to a set of right (outgroup) populations
using ADMIXTOOLS 2 (ref. 42) gpadm_rotating() with the option
maxmiss = 0.1, removing genotypes missing in more than 10% of pop-
ulations. We restricted the analysis to genomes with both transitions
and transversions (half/plus UDG-treated libraries or single-stranded
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libraries called using SequenceTools™ --singleStrandMode), removing
CpG sites, to increase the robustness of the models. We considered
only models with three or less sources. We restricted the fixed set
of outgroup to populations distantly related to any left populations
and with genomes greater than or equal to 2x: Ju_hoan_North.DG,
Ethiopia_4500BP.SG, Latvia_HG_UDG, USA_Ancient_Beringian.SG,
Vanuatu_400BP_UDG, Japan_HG_Jomon_UDG and China_NEastAsia_
Coastal_EN_UDG. This analysis was conducted on the 1240k dataset.
These parameters are always true unless otherwise stated.

We ranked the non-rejected models first on the basis of the mini-
mal number of source populations, assuming that a fewer number
of source populations is more parsimonious. Then, if several models
with the same number of sources are not rejected, we considered the
Pvalue, given that the number of SNPsin the rotating models are nearly
equal (10% missingness allowed between populations). Supplementary
Information section 4 details all models tested.

Nuwayrat genome ancestry modelling. We first estimated the
Nuwayrat genome (NUEOO1) and contemporary North African and
West Asian populations (Levant_BA (also for each of the eight archaeo-
logical sites separately), Anatolia_BA and Morocco_MN) ancestry pro-
portions as acombination of distal Neolithic populations from North
Africa and West Asia (Morocco_Epipaleolithic, Anatolia_Neolithic,
Levant_Neolithic, Zagros_Neolithic and Caucasus_Neolithic). This
analysis was carried out on433,280-558,848 SNPs. Then, we estimated
NUEOOL1, Bronze Age Levant (also for each of the eight archaeologi-
cal sites separately) and Bronze Age Anatolia ancestry components,
adding more proximal Neolithic and Chalcolithic North African and
West Asian populations as potential sources (Morocco_EN_ktg,
Morocco_MN, Anatolia_Neolithic, Anatolia_Chalcolithic, Levant_
Neolithic, Levant_Chalcolithic, Zagros_Neolithic, Zagros_Chalcolithic,
Mesopotamia_Neolithic, Caucasus_Neolithic and Caucasus_Chalco-
lithic) as well as two Neolithic Europeans: Spain_EN and Greece_
Neolithic, referred to as the fullgpAdm model. This analysis was con-
ducted over 474,731-578,969 SNPs.

Third Intermediate Period ancestry modelling. We estimated the
ancestry proportions of the two Third Intermediate Period Egyptians®
using North African and West Asian populations who lived between
the OldKingdom and Third Intermediate periods as potential sources
(NUEOOL1, Anatolia BA, Levant_BA, Iran BA and Caucasus_BA), as well
as a Bronze Age Greek population (Greece_Minoan). We also added
Morocco_MN and Mesopotamia_N to test whether the Third Intermedi-
ate Period Egyptians share a closer ancestry with NUEOO1 or a source
more related to one of these two ancestries present in NUEOO1. This
analysis was conducted on 290,262 SNPs.

Present-day Egyptian genome ancestry modelling. We directly
estimated the proportion of NUEOO1 ancestry in present-day Egyp-
tians'®* as a whole or each individual separately, as well as ancestries
from North African (Morocco MN), West Asian (Caucasus_BA, Iran_BA
and Levant_BA) and European (Greece_Minoan) populations, as well
as East and West Africa (Ethiopia_4500BP.SG and Congo_Kindoki_
Protohistoric). For each region, we selected the representatives clos-
est to NUEOOLI’s lifetime. Anatolia_BA was removed from the list of
West Asian groups because its inclusion led to a substantial drop-off
of genomes having at least one model passing P= 0.05. This analysis
was conducted on 767,305 SNPs.

Ancient East African ancestry modelling. We estimated the
ancestry proportion in ancient East African***%** using both
NUEOO1 and Levantine Chalcolithic genomes as competing sources
for the Eurasian-like component. We used as potential left sources
NUEOO1, Levant_Chalcolithic, Ethiopia_4500BP.SG, Dinka.DG, Congo_
Kindoki_Protohistoric and South_Africa 2200BP.SG. For this model,

the following fixed right groups were used: Chimp.REF, Latvia_HG_
UDG, USA_Ancient_Beringian.SG, Vanuatu_400BP_UDG, Japan_HG_
Jomon_UDG and China_NEastAsia_Coastal_EN_UDG. This analysis
was conducted on 141,323-350,110 SNPs.

fistatistics

f, statistics of the form f,(NUEOO1, Morocco_MN; X, Ju_hoan_North.
DG) and f,(NUEOO1, Morocco_MN; Mesopotamia_N, X), X being the
non-North African groups used in the full gpAdm model, Palaeolithic
Levant or Palaeolithic Anatolia, were estimated to confirm the probable
source of admixturein the Nuwayrat genome when compared with the
Middle Neolithic Moroccan group. f, statistics was computed using
ADMIXTOOLS 2 (ref. 42) with the option maxmiss = 0.1. We restricted
the analysis to genomes with both transitions and transversions (half/
plus UDG-treated libraries or single-stranded libraries called using
SequenceTools™ --singleStrandMode). This analysis was conducted
onthe 1240k dataset on 280,544 SNPs.

Imputation

The genotypes of the Nuwayrat genome were imputed together with
200 ancientgenomes from North Africaand West Asia associated with
the Palaeolithic, Neolithic and Bronze Age culture (Supplementary
Table 3). Werestricted theimputation to whole-genome sequencing
datagreater than 0.5x coverage or 1240k SNP capture datagreater than
2x coverage, following recommendations from Sousa daMota et al."”,

First, we called genotypes using bcftools v.1.19 (ref. 173) with the
commands bcftools mpileup with parameters -1-E -a ‘FORMAT/DP’
--ignore-RG and bcftools call-Aim -C alleles. We thenimputed the miss-
ing genotypes using Glimpse v.1.1.0 (ref. 174). First, we used GLIMPSE_
chunk to split chromosomes into chunks of 2 Mb and with a200-kb
buffer region. Second, imputation was performed with GLIMPSE_
phase on the chunks with default parameters --burn 10, --main 10 and
--pbwt-depth 2, with1000 Genomes'” as the reference panel. We then
ligated the imputed chunks with GLIMPSE _ligate.

To remove transitions caused by post-mortem damage before
imputation, for the genomes generated with UDG treatment, we
first hard-trimmed the first and last three base pairs of each read and
removed CpGsites, and for the genome generated without UDG treat-
ment, we removed all transition sites after SNP calling.

We finally restricted the imputed genotypes to those with geno-
type probability >0.99 and minor allele frequency >0.01 using the
command bcftools filter -i ‘MAX(FORMAT/GP)>=0.99 && INFO/
RAF>=0.01&&INFO/RAF<=0.99’ --set-GTs .

Theimputed dataset was used for phenotype prediction (see below)
and admixture dating using DATES (Supplementary Information
section 4 and Supplementary Table 11).

Phenotype prediction

The genotypes responsible for skin, hair and eye colour prediction
were investigated using the HIrisPlex-S system'”* 7 using the imputed
genotypes.

Reporting summary
Furtherinformation onresearch designis available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
All mapped sequence data generated for this project are available

fromthe European Nucleotide Archive under the study accession no.
PRJEB88328.
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Extended DataFig.1| Archaeological context at the Nuwayratsite. south burial chamber. ¢, Pottery coffinand archaeological remains of the
a, Rock-cut tombs at Nuwayrat enclosing the pottery vessel containing the Nuwayratindividual, asdiscoveredin1902. Photosinaand creproduced
pottery coffinburial. b, Animpression of the rock-cut tomb based on the courtesy of the Garstang Museum of Archaeology, University of Liverpool.

archaeologistJohn Garstang’s description, with the pottery coffin burial in the



Extended DataFig.2|Facial reconstruction and depiction created from the Nuwayratindividual skull. a, Final facial depiction of the Nuwayrat individual.
b, Virtualfit of the skull and facial reconstruction. ¢, The Nuwayrat individual’s partially complete skeleton.
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Extended DataFig.3|Damage patterns atthe 5’ end of thereadsineach
sequencing run from the Nuwayratindividual. All sequencing runsbutone
show asignificantincrease of C-to-T transitions at the 5 end of DNA fragments,
indicative of authenticancient DNA.
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(Supplementary Data Table 3), over 71,202 transversion SNPs. ADMIXTURE
outputonthe present-day genomes are displayed in Extended DataFig. 5.

3t020). ADMIXTURE

was generated on4,574 present-day and ancient genomes from the ‘HO’ dataset

Extended DataFig.4 | ADMIXTURE clustering analysis of the Old Kingdom

Egyptiangenomeinthe contextofancientgenomes (K
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Extended DataFig. 6 | Distal ancestriesinthe Nuwayrat genome and
contemporary groups. The modelincluded Epipaleolithic/Neolithic groups
from North Africaand West Asia as rotating sources in gpAdm (Morocco_
Epipaleolithic, Anatolia_Neolithic, Levant_Neolithic, Zagros_Neolithic,
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conducted over141,323-350,110 SNPs (see Supplementary Data Table 12).
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Sample size No statistical methods were used to determine ancient DNA sample size a priori. Genomic, radiocarbon and isotope (13C, 15N, 180,
88Sr/86Sr) data from an ancient individual from Egypt analysed in this study depend on the availability of human remains from ancient Egypt
with preserved and retrievable ancient DNA sequences. This specimen is very rare, given the poor molecular preservation of human remains
from this period in that region. Given the millions of genetic variants analysed, information about the genetic history can be retrieved.

Data exclusions | For the Nuwayrat genome and the comparative ancient genomes retrieved from bam files (from Altinisik et al. 2022 and Simoes et al. 2023),
sequencing reads that did not map to the human reference hs37d5, were shorter than 35 bp, were library PCR amplification duplicates, had a
mapping quality < 30 or contained indels, were removed from the bam files. Sequencing data with evidence of DNA contamination
(SKO719A1706 and SKO719A1709) were also excluded. For single-stranded libraries (from the Nuwayrat genome), at C/T SNPs, forward
mapping reads were discarded, and at G/A SNPs in reverse mapped reads were discarded using SequenceTools. For the double-stranded
damage repair UDG-treated genomes (from Simoes et al. 2023), the first and last three bases of the sequenced reads were trimmed. For the
double-stranded non-damage repaired genomes (from Altinisik et al. 2022), only transition sites were discarded. SNP calling was restricted to
bases with base quality >30. We called pseudo-haploid SNPs, keeping only one random allele per individual at each position.

For the comparative present-day Egyptian genomes from Pagani et al. 2015, individuals with more than 10% missing genotypes, genotypes
with missing call rates of 2% or failing the Hardy-Weinberg equilibrium test with p<le-06 were discarded.

For all genomes, we kept only biallelic SNPs present in the Human Origin array or the 1240K capture SNP set.

In the whole comparative dataset, for pairs of first- and second-degree relatives, the individual with the lowest genomic coverage of the pair
was excluded.

The PCA and ADMIXTURE clustering analyses were restricted to the transversions sites in the Human Origin array (111,208 SNPs). For the
ADMIXTURE clustering analysis, all genomes (present-day and ancient) were pseudo-haploidised (we kept only on random allele at each
diploid site per individual), genotypes were pruned for linkage disequilibrium resulting in 84,528 transversions sites being analysed. gpAdm
and F4-statistics were restricted to the 1240K capture SNP set with CpG sites excluded, with only UDG-treated genomes and the Nuwayrat




used in the analyses.

F4-ratio to estimate Basal Eurasian ancestry restricted to the 1240K capture SNP set on transversion sites only.

Imputation was carried on the Nuwayrat genome and 200 ancient genomes from North Africa and West Asia associated with the Palaeolithic,
Neolithic and Bronze Age, whole genome sequenced to >0.5X coverage or captured >2x coverage. For the genomes generated with UDG
treatment, we first hard-trimmed the first and last three base pair of each reads and removed CpG sites and for the genome generate without
UDG treatment, we removed all transition sites after SNP calling. We finally restricted the imputed genotypes to those with genotype
probability GP > 0.99 and minor allele frequency MAF > 0.01, using the command bcftools filter -i 'MAX(FORMAT/GP)>=0.99 && INFO/
RAF>=0.01&&INFO/RAF<=0.99' --set-GTs ".".

Phenotype prediction and admixture dating were carried on this imputed dataset.

Replication Several DNA extracts and multiple genomic libraries were generated for the newly reported sample from Nuwayrat, Egypt, and several rounds
of sequencing were performed for each library (as reported in Supplementary Data Table S1), which acts as replication. Data was merged for
downstream analysis after confirming similar results on contamination estimates and mitochondrial haplogroup. Thousands to millions of
genetic markers were then analysed as an internal replication of the results. Detailed description of the methods used, including samples
included in the dataset, software employed and respective parameters is available in the Method section.

Randomization  Randomization is not relevant to this study. Samples are grouped based on sampling locations, dates and genetic affinities.

Blinding Blinding is not applicable for ancient specimens as the sampling locations and dates are known a-priori. In downstream data, analysis blinding
is also not relevant since the newly generated ancient genome is co-analysed with previously published present-day and ancient human
genomes.
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Specimen provenance The specimen provenance is described in the Supplementary Information 1. The specimen was excavated at the Nuwayrat
necropolis near Beni Hasan, Egypt. It was donated between 1902-04 by the Egyptian Antiquities Service to the members of the Beni
Hasan excavation committee, and subsequently donated to the Institute of Archaeology, University of Liverpool, UK and exported
under John Garstang export permit. The specimen was then given to the World Museum (previously Liverpool City Museum) in 1950

Specimen deposition The World Museum of Liverpool (UK) is the sole curator of the specimen.

Dating methods Three independent samples from the individual were directly radiocarbon dated using accelerator mass spectrometry (AMS) at the
Beta Analytic Carbon dating laboratory (the two teeth that yielded ancient DNA) or at the Oxford Radiocarbon Accelerator Unit
(femur), which date was obtained from the World Museum archive. Radiocarbon calibration was performed using OxCal v.4.4 and
the IntCal20 dataset. The three dates were coherent and combined using OxCal v.4.4.

Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight Permits for sampling and analyses of the archaeological material were obtained from the appropriate institutions.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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