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Abstract

In an effort to characterize the people who composed the groups known as the Xiongnu, nuclear and whole mitochondrial
DNA data were generated from the skeletal remains of 52 individuals excavated from the Tamir Ulaan Khoshuu (TUK)
cemetery in Central Mongolia. This burial site, attributed to the Xiongnu period, was used from the first century BC to the
first century AD. Kinship analyses were conducted using autosomal and Y-chromosomal DNA markers along with complete
sequences of the mitochondrial genome. These analyses suggested close kin relationships between many individuals. Nine-
teen such individuals composed a large family spanning five generations. Within this family, we determined that a woman
was of especially high status; this is a novel insight into the structure and hierarchy of societies from the Xiongnu period.
Moreover, our findings confirmed that the Xiongnu had a strongly admixed mitochondrial and Y-chromosome gene pools
and revealed a significant western component in the Xiongnu group studied. Using a fine-scale approach (haplotype instead
of haplogroup-level information), we propose Scytho-Siberians as ancestors of the Xiongnu and Huns as their descendants.

Introduction

The Xiongnu were a confederation of nomadic pastoral
tribes during Mongolian prehistory that founded the First
Steppe Empire in Inner Asia (Giscard et al. 2013). From the
third century BC to the second century AD, they ruled over
a territory that extended, at its peak, from Lake Baikal in
the north to the Gobi desert in the south and from western
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Manchuria in the east to the Pamirs in the west. Their rela-
tions with the neighboring Chinese during the reign of the
Han dynasty (206 BC-220 AD) were complex, with alternat-
ing periods of conflict (the construction of the Great Wall
was the Chinese response to Xiongnu incursions) as well as
trade, gifts, and tributes, along with arranged marriages (the
policy of “harmonious relations” adopted by the Han) (Gis-
card et al. 2013). Around 130 BC, the Chinese began imple-
menting more aggressive policies, leading to the decline of
the Xiongnu, who disappeared from Chinese records after
the second century AD.

Since they were non-literate, most of the information
available about the Xiongnu is, in fact, found in Chinese
historical texts (e.g. lifeways; social, economic and politi-
cal systems; military practices) but archeological excava-
tions have been another important source of data (e.g.
grave goods, burial types, technological skills) (Wright
et al. 2009; Park et al. 2010). However, some key aspects
of Xiongnu culture are still unknown, namely their bio-
logical structure, their ethnic or linguistic identity and
their relationship with other Iron Age nomads. The term
“Xiongnu” designated both a people and a political entity,
but it is uncertain whether it could be assigned to an ethnic-
ity, a biological population, an archeological culture or, more
likely, some combination of those. Results from physical
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anthropological studies and notably comparative craniofa-
cial analysis revealed a complex population structure for
the Xiongnu people (Schmidt and Seguchi 2016). Genetic
analyses of skeletal remains unearthed from burials attrib-
uted to the Xiongnu era revealed features characteristic of
East Asian populations, with low-level admixture from West
Eurasian populations (Keyser-Tracqui et al. 2003; Kim et al.
2010). More recent paleogenomic studies confirmed that
the Xiongnu were genetically heterogeneous and suggested
that they belonged to two distinct groups, one being of East
Asian origin and the other presenting high levels of admix-
ture with West Eurasian sources (Damgaard et al. 2018).

To attain a more comprehensive understanding of the
peoples that composed the groups known as the Xiongnu
and gain insight into their origins and potential biological
relationships with other nomadic groups, we investigated
the genetic structure and affinities of people buried in a large
Mongolian necropolis from the Xiongnu period, the Tamir
Ulaan Khoshuu cemetery. Through the combined analysis of
DNA markers located on autosomes, the Y-chromosome and
whole mitochondrial genomes, we reconstructed an unprec-
edented ancient Xiongnu family structure, probably that of
an elite family. Moreover, following maternal and paternal
lineages characterized using a fine-scale approach (haplo-
type instead of haplogroup-level information), we attempted
to disentangle Xiongnu genetic history.

Materials and methods
Site and bodies

The Tamir Ulaan Khoshuu (TUK) cemetery is located
near the confluence of the Tamir River and the Orkhon
River in the Arkhangai Aimag (Central Mongolia), about
four hundred kilometers west of the capital of Mongolia,
Ulaanbaatar (Fig. 1). It encompasses an area of 22 hec-
tares located on a prominent granitic outcrop and com-
prises a total of 397 graves, delimited by stone circles.
The site is divided by a gully into a western area consist-
ing of 344 graves and an eastern area composed of 53
larger graves (up to 20 m in diameter), reflecting a tomb
style typical of the Xiongnu era and possibly belonging
to an elite (Brosseder 2011). Between 2013 and 2018, 48
of these eastern stone ring burials were excavated by a
French—Mongolian joint research team (the remaining 5
had been investigated in 2005 by a Mongolian-American
Expedition but no DNA data were published). Although
robbers have looted all tombs, many grave goods were
found in the burials, including gold earrings, glass beads,
ceramic jars, iron knives, Chinese lacquer as well as Chi-
nese imported artifacts, such as bronze mirror fragments
and circular nephrite stones. Quatrefoil decorations, spe-
cific to the Xiongnu culture, were recovered on several
coffins. Like in other Xiongnu tombs, animal deposits
(only the heads and legs of sheep, horses and oxen) were
found close to the deceased, outside the coffins. Radio-
carbon (14°) dates to the cemetery between the first cen-
tury BC and the first century AD (Poznan Radiocarbon
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Fig. 1 Location of the Tamir Ulaan Khoshuu (TUK) cemetery and map of the necropolis. Colors indicate members of the same family
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Laboratory), in the middle of the Xiongnu period. The 48
excavated graves yielded the remains of 57 individuals,
specifically 21 males, 17 females and 19 of undetermined
sex. Although most of the graves were single (individual)
graves, seven contained the remains of two or three indi-
viduals. Moreover, four of them (07, 13A, 14A and 14B)
were attributed to culturally Turkic individuals. Detailed
information about the samples is presented in Table S1.

DNA extraction and quantification

DNA was extracted from bone fragments and/or teeth in
a dedicated clean room facility as previously described
(Mendisco et al. 2011). Two to three independent DNA
extractions were completed from each sample. Quantifica-
tion of DNA extracts was performed on a 7500 Real-Time
PCR system (Applied Biosystems) using the Quantifiler™
Trio DNA quantification Kit (Thermo Fischer Scientific)
which permits the quantification of autosomal and Y-chro-
mosomal human DNA and the estimation of DNA degra-
dation (Table S2).

Autosomal STR typing and kinship determination

Twenty-one autosomal STR (aSTR), one Y-chromosomal
STR (Y-STR), one Y-chromosomal indel polymorphism
and the marker amelogenin were amplified using the
GlobalFiler® kit (Thermo Fischer Scientific) according to
the manufacturer’s protocol except that 32 PCR cycles were
used instead of 29. Independent extracts from each sample
were amplified at least twice. Capillary electrophoresis was
performed on a 3500 Genetic Analyzer (Applied Biosys-
tems) and data analysis was performed using the GeneMap-
per v.4.1 software (Applied Biosystems). Consensus aSTR
profiles were determined by retaining the alleles that had
been typed at least twice for each sample. Genetic relation-
ships between individuals were tested by pairwise compar-
ison of the aSTR profiles using the ML-Relate computer
program (Kalinowski et al. 2006). ML-Relate implements an
estimation of the likelihood of four levels of kinship (unre-
lated, half-siblings, full-siblings and parent-offspring) using
modeled Identity-by-Descent levels in each pair of individu-
als given the allelic frequencies (estimated from the ancient
sample set under study). It is used as a first approach to the
population, to highlight possibly significant links. Likeli-
hood Ratios (LR) were calculated using the Familias 3 soft-
ware (https://familias.no) (Kling et al. 2014) which allows
us to compute the LR of each level of kinship against the
likelihood that individuals are unrelated. This permits the
estimation of the reliability of kinship calls and the analysis
of larger pedigrees.

Y-chromosomal STR and SNP typing

The DNA of the male individuals was analyzed at 17 and/or
27 Y-STR loci using the AmpFLSTR Y-Filer® and Y-Filer-
Plus® kits (Thermo Fisher Scientific) according to the man-
ufacturer’s protocols except for the number of PCR cycles
which was increased from 30 to 34 (Y-Filer®) and from 27
to 30 (Y-FilerPlus®). PCR products were analyzed on the
ABI Prism 3500 Automatic Sequencer using the GeneMap-
per software as previously noted. The Y-STR haplotypes
were individually compared to an in-house world Y-STR
database containing ~ 216,000 haplotypes retrieved from the
literature. Y-haplogroups (Y-Hg) were determined from con-
sensus Y-haplotypes using Y-Haplogroup Predictor (https
/lwww.hprg.com/hapest5/?hapest5). To increase resolution
for the R and Q haplogroups, two sets of Y-chromosomal
SNP (Y-SNP) were selected. The first set was composed
of 15 Y-SNP defining the R haplogroup and some R sub-
clades (M207, M173, M420, M516, M17, Z280, M458,
793, M746, 795, 72125, M434, M560, M582 and M780).
The second set was composed of 14 Y-SNP characterizing
the main Asian Y haplogroups (M214, M175, M231, Tat,
M128, P43, M242, M346, L54, M3, M120, M130, M217
and M174) (Hollard et al. 2018). SNP typing was performed
on the Mass Array platform using the iPLEX® gold tech-
nology (Agena Bioscience) as described in Mendisco et al.
(2011). The Y-SNP haplogroup nomenclature followed the
ISOGG-Y DNA Haplogroup Tree 2019.

Whole mitochondrial genome sequencing

Complete mitochondrial genome analysis was performed
on the Ion Torrent Personal Genome Machine™ (PGM™,
Thermo Fisher Scientific) using the Precision ID mtDNA
Whole Genome Panel (Applied Biosystems). DNA librar-
ies were constructed using the Ion Ampliseq™ Library kit
(Thermo Fisher Scientific) with 2 separate primer pools
amplifying 162 amplicons that target the entire human mito-
chondrial genome. To sequence multiple samples simulta-
neously, Ion Xpress™ Barcode Adapters were used. Using
emulsion PCR, the generated libraries were attached to
beads and further amplified. The concentration of each of the
libraries was determined with qPCR using the Ion Library
TagMan™ Quantitation Kit (Thermo Fischer Scientific).
High-quality templated Ion Sphere™ particles containing
clonally amplified DNA were prepared using the lon PGM™
Template OT2 kit and the lonTouch™ 2 instrument (Thermo
Fisher Scientific). The template-positive lon Sphere™ par-
ticles were enriched with the Ion One Touch Enrichment
System (Thermo Fisher Scientific) as per the manufacturer’s
guidelines. Semiconductor sequencing was conducted on the
Ion PGM using Ion 316 or 318 Chips using the lonPGM
Hi-Q Sequencing kit. The Torrent Suite software was used to
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analyze all the sequences generated that were aligned to the
mitochondrial DNA (mtDNA) revised Cambridge Reference
Sequence (Andrews et al. 1999) and searched against an in-
house database of ancient and present-day human whole
mitochondrial genomes containing more than 40,000 pub-
licly available sequences. Mitochondrial DNA haplogroups
(mt-Hg) were assigned using HaploGrep2 (Weissensteiner
et al. 2016), based on the latest version of PhyloTree mt
(https://www.phylotree.org/).

Phenotype- and biogeography-informative SNP
typing

Twenty-four phenotypic SNP and 56 biogeographical
ancestry-informative SNP included in the ForenSeq™ DNA
Signature Prep Kit (Verogen) were typed on a set of seven
Xiongnu individuals from the great family (TUK-01,-03,-
18,-19,-23,-25,-26). The samples were kindly processed by
Verogen according to their own recommended protocols and
analyzed on a MiSeq FGx System using the ForenSeq Uni-
versal Analysis Software (Verogen).

Results

An exceptional genealogy detected by autosomal
STR profiles

The overall preservation of DNA in the TUK samples was
rather good since complete or near complete aSTR profiles
were obtained for 52 of the 57 excavated individuals (con-
sensus aSTR profiles are reported in Table S3). DNA from
five individuals (TUK-02A,-02B,-27,-30C and -41) appeared
severely degraded since no or few amplified products were
obtained. The sex-linked loci (amelogenin, Y-STR, Y-indel)
indicated that 26 of the 52 successfully genotyped individu-
als were male and 26 were female (Table S3). The results of
the molecular-based sex identification were consistent with
available physical anthropological data and permitted the
determination of the sex of the 17 individuals for whom
morphological indicators of sex were not well defined or
absent (Table S1).

Visual comparison of the profiles in pairs and LR analyses
revealed the presence of first-degree (parent—offspring and
full-sibling) and second-degree relatives in the TUK cem-
etery. As parent—offspring relationships have been shown to
be the only relationships systematically reliably detected by
the LR method applied to this number of STR (Zvénigorosky
et al. 2020), we focused on these relationships and identified
five nuclear families (composed of the parents and one or two
children) (TUK-01,-02C,-03,-26; TUK23,-19,-18; TUK-36,-
34,-48,-25; TUK-25,-13B,-40; TUK-40,-32,-11). All of them
were part of a five-generation familial structure composed of
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19 individuals and represented in Fig. 2. The reliability of this
ancient family tree (where only 3 members were missing) was
confirmed by concordant LR values calculated for full-sibling
and second-degree relationships (Table S4a and S4b) as well
as by the paternal and maternal lineage analysis (see below).

Outside this multi-generational family, 5 parent/offspring
pairs were also identified (TUK-06A,-08; TUK-9A,-10;
TUK-14A,-14B; TUK-20,-22 and TUK-43,-44) (Fig. S1).
At this stage, it was not possible to determine which indi-
vidual was the parent or the child in each pair, except for the
pair TUK-14A,-14B; since TUK14A was a 12-18 year-old
female, and because she was buried together with TUK 14B,
an adult female, in a double burial (from the Turkic period),
we assumed that she was the child. Note that all of these
parent/offspring pairs were found buried together or close
to each other (Fig. 1).

Y-chromosomal haplotypes confirm detected
relationships

To identify male lineages, an analysis of polymorphic STR
systems located on the male-specific part of the Y-chro-
mosome was performed. Y-haplotypes consisting of 19
to 27 STR were obtained for all the 26 male individuals
studied (Table S5). Sixteen different Y-haplotypes could be
identified, 6 of which were shared by 2 to 5 individuals. A
26-marker Y-haplotype was shared not only by TUKO1 and
his putative son TUK26 (confirming the aSTR typing result)
but also by the sub-adult TUK20, making him a putative
paternal relative of the father—son pair. While TUK23 and
TUK18 shared the same 24-Y-STR haplotype, as expected
for a father—son relationship, pairs TUK-09A,-10 and TUK-
43,-44, also identified as father—son pairs, did not share
exactly the same Y-STR-haplotype; a single repeat differ-
ence was observed at locus DYS570 (alleles 18 vs 19) for
the first and at locus DYS576 (alleles 17 vs 18) for the sec-
ond. Since these markers have been described as rapidly
mutating Y-STR (Ballantyne et al. 2012), we considered that
a mutation could have occurred in one generation. Simi-
larly, while TUK2S5 and his son TUK40 shared the same
27-Y-STR haplotype, TUK36 (the father of TUK 25 and
grandfather of TUK40) carried a Y-haplotype differing at
one locus (DYS19) by a one-step mutation (allele 16 vs
15). Finally, one 20-Y-STR haplotype was shared between
TUKI12 and TUK35, not considered closely related to our
LR calculations but possibly sharing a more distant paternal
relationship.

Y-chromosomal lineages reveal the mixed origin
of the Xiongnu

Haplogroup (Hg) assignments revealed that Xiongnu
Y-haplotypes belonged to at least 5 (R, Q, N, J and G) of
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Fig.2 Description of the five-
generation familial structure. A
first nuclear family is composed
of a father (TUKOI1), a mother
(TUKO02C) and two children
(TUKO3 and TUK26). This

latter appeared to be the father T
of four females (TUK-19,-21,-
28 and -29) buried a few meters
from each other. One of them
(TUK19) was the mother of a
male (TUK18) whose father
was TUK23 (second family).
TUKOI, the maternal great

TUKO02C

grandfather of TUKI18, could
be considered the putative
brother of a female individual
(TUK15) who was the mother
of TUK34. She formed a third
nuclear family with the male

w =

TUK36 whose sons are TUK48
and TUK?25. The adult male
TUK?25 was found to form with
the adult female individual
TUK13B and their son TUK40
a fourth nuclear family. This
son was buried in the north

of the necropolis not far from
TUK32. Both were considered
as the parents of a female child
(TUK11) interred close to her
putative paternal great-great-
grand mother TUK15 (fifth
nuclear family)

TUK23

5

TUK18

MtDNA haplogroups
J2a1a1

T2b3

H47

J2b1a2a

H2a1

X2b4a

oceocece

the 20 major clades. Sixteen individuals (some closely
related to one another) were affiliated to sub-haplo-
group (sub-Hg) Rla, among which 10 (TUK-04,-09A,-
09B,-10,-12,-25,-35,-36,-40 and -48) belonged to Hg R1a-
72125 and 4 (TUK-08,-18,-23 and -37) to Hg R1a-Z95.
Five individuals were affiliated to sub-Hg Qla-M120. Two
individuals belonged to Hg N, one to sub-Hg J1 and one to
sub-Hg G1. The last one could not be assessed with certainty
(Table S5).

Y-haplotypes were individually compared to an in-
house Y-STR database maintained by our laboratory con-
taining ancient and modern data retrieved from the litera-
ture. Although comparisons with modern-day individuals
provided us with a clear geographic distribution of the

TUKO1 TUK15
TUK26 TUK34 TUK36
TUK21
TUK19 TUK28 TUK29 TUK48 TUK25 TUK13B

==

TUK32 TUK40

Y haplogroups

O Rila
O Qlala

TUKM

Y-haplotypes characterized, only the matches with ancient
samples reaching 80% of shared alleles have been consid-
ered and were reported in Table S6. The highest scores were
obtained for the Xiongnu individuals affiliated to Hg R1a.
Most of them showed Y-haplotypes close to those of Iron
Age male individuals from the Krasnoyarsk region (Keyser
et al. 2009). The closest haplotypes (a single difference on
16 or 17 Y-STR loci) were observed between TUKO9A and
TUKI10 and individuals S26 and S28 from the Tagar cul-
ture (Keyser et al. 2009). Matches were also observed with
Middle Bronze Age male individuals of the same area (eg.
TUK10 shared a 14 Y-STR haplotype with individuals S10
and S16 from the Andronovo culture). Close matches were
also found with 2 Scytho-Siberians from the Tuva Republic
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(ARZ-T1,-T28) (Mary et al. 2019). The database search
also revealed a shared haplotype (14 Y-STR) between TUK-
09A,-10 and King Béla III (1172-1196), one of the most
significant rulers of the first Hungarian dynasty (Olasz et al.
2019) as well as a matching haplotype (15 Y-STR) between
TUK-12,-35 and another male individual found in the Royal
Basilica where King Béla III was buried (II/54). Individuals
TUK-9A,-10,-18 and -23 also carried haplotypes similar to
those carried by the tenth century Hungarian Conquerors
(KEII/61 and NF/2) (Féthi et al. 2020), whereas TUK-36
and -48 could be linked to a warrior (a commoner) found
in the Tavan Tolgoi graves (1130-1250 AD) of the Mon-
gol imperial family (MN376) (Lkhagvasuren et al. 2016).
Finally, TUK12 was found to share at least eight Y-STR with
a Xiongnu individual from the Egyin Gol Valley (Keyser-
Tracqui et al. 2003). Interestingly, TUK-13A (considered to
be Turkic), carried a Y-haplotype (Hg N) shared with the
eighteenth century Yakut individuals (up to a single differ-
ence on 17 Y-STR loci) (Table S6), seventh—eighth century
Avar individuals (up to a single difference on 14 Y-STR
loci) (Cséky et al. 2020) and a tenth century Hungarian Con-
queror (on 13 Y-STR) (Foéthi et al. 2020). No close matches
were found for the other Xiongnu males, possibly due to the
small number of ancient Y-STR haplotypes included in the
database (n=369).

Mitochondrial haplotypes support first-
and second-degree relationships

We obtained 52 complete mitochondrial genomes (for the
57 excavated individuals) with an average coverage depth
between 21 and 2846 (samples TUK-02A,-02B,-30C,-33
and -42B were dismissed because of insufficient DNA or
data quality). Twenty-eight distinct mtDNA-haplotypes
were identified (Ht1 to Ht28 in Table S7), ten of which were
shared by two to eight individuals.

All first-degree relationships identified through aSTR-
typing were supported by shared mitochondrial haplotypes.
This was relevant for the six mother/child relationships of
the five-generation familial structure (TUKO2C and her two
children TUKO3 and TUK26; TUK19 and her son TUK18;
TUKI15 and her daughter TUK34 as well as her grandson
TUK25; TUK13B and her son TUK40 and finally TUK32
and her son TUK11). This was also true for the TUK-14A -
14B mother—daughter Turkic pair and particularly informa-
tive for the TUK-06A,-08 parent—offspring pair; since
both shared the same mtDNA haplotype, we assumed that
TUKO6A was the mother and TUKO8 the son and not the
opposite (Fig. S1). Their mtDNA haplotype was also shared
by the infant TUKO6B. The possibility that she was the
daughter of TUKO6A was dismissed, but they could share
a half-sibling level relationship (Table S4a). The most par-
simonious interpretation of this result is that TUKO6A was

@ Springer

the grandmother of TUK06B. Consequently, TUKOS would
have been the uncle of TUKO06, a conclusion also compatible
with LR calculations (Table S4a, Fig. S1). Full- or half-
sibling relationships were also confirmed by the analysis of
mitochondrial lineages (TUK-01 and -15; TUK-03 and -26;
TUK-19,-21,-28 and -29). Other individuals, not involved in
first-degree relationships but possibly in second-degree rela-
tionships (TUK-12,-17) or more distant ones (TUK-04,-10;
TUK-07,-09B), were also found to share identical mtDNA
haplotypes (see Table S7). The fact that the parent—child
pair TUK-20,-22 shared the same mtDNA sequence allowed
us to establish who the parent was and who the child was;
since TUK20 was a 12—18-year-old male, and because he
appeared to carry the same mtDNA haplotype as TUK22,
we assumed that he was her child.

Mitochondrial lineages reveal European ancestry
in the largest family

The 28 distinct haplotypes identified were affiliated to 11
different main haplogroups of European (H, J, T, U, X) or
Asian (A, B, C, D, F, G) origin. To assess the geographical
and temporal distribution of these maternal lineages, whole
mitochondrial DNA sequences were compared to those of
ancient and modern-day individuals. As matches (limited
to 5 differences) were usually numerous, only comparisons
with ancient whole mtDNA genomes have been considered
and reported in Table S8.

The most represented haplotype (Htl) shared by 7 of the
19 members of the great family in addition to one unre-
lated individuals (TUK35) was affiliated to Hg T2b3 + 151
and produced the closest matches (3 to 4 differences) with
individuals associated with the Beaker complex and found
in France, Italy or Spain (Olalde et al. 2018). Two other
haplotypes (Ht3 and Ht16) both belonging to Hg T1al, were
also very close (2 differences) to Beaker complex-associated
individuals from the Czech Republic, Germany and Great
Britain as well as to a Hungarian early-medieval individual
associated with the Longobard culture (Vai et al. 2019). The
second most represented haplotype (Ht13), found in five
members of the multi-generational familial structure and
affiliated to Hg H47, could be connected (5 differences) to an
individual from a Neolithic eastern Hungarian site (Lipson
et al. 2017). Three other Xiongnu haplotypes (Ht7, Ht21 and
Ht23) were also affiliated to Hg H (H5al, H2al et H7b). Two
of them (Ht7 and Ht23) were close (4 differences) to those of
individuals associated with Neolithic to Bronze Age cultures
in Europe (Gamba et al. 2014; Brotherton 2013; Haak et al.
2015; Saag 2017; Lipson 2017; Mathieson 2018; Mittnick
2018; Olade et al. 2018; Matisoo-Smith 2018). The other
maternal lineages, appearing in the largest family, belong
to Hg J2alal (Ht2), J2bla2a (Ht15) or X2b4a (Ht10).
Again, these lineages are close to those found in individuals
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associated with the Beaker-complex (Olalde et al. 2018) or
the Srubnaya culture (Mathieson 2018). Therefore, all the
maternal lineages found in the multi-generational family
were of Western European ancestry. Other European lin-
eages, outside this great family, are J1d5 (Ht12), U2e2al
(Ht14), USalal (Ht24) and U5al +al (Ht27). Only the last
two were closely related (2 to 3 differences) to those of Bell
Beaker culture individuals (Olalde et al. 2018). Moreover,
Ht27 was present (with 4 differences) in one individual
from the Baden culture (Lipson et al. 2017) as well as in
early—medieval individuals associated with the sixth-sev-
enth century Longobard (Vai et al. 2019) and Avar cultures
(Cséky et al. 2020).

Regarding the Asian lineages, few closely related (less
than 5 mismatches) haplotypes were found in our ancient
mitochondrial genome database (probably due to the lack
of published ancient genomic data from Asian archeological
sites). Nevertheless, the mtDNA haplotype Ht22 carried by
TUK37 and affiliated to Hg D48 was close (4 differences)
to that of a Yakut individual unearthed by our team from
a nineteenth century grave (unpublished data, YAKa96,
Table S7). Moreover, the mtDNA haplotype carried by
TUK46 and affiliated to Hg D4j7 was closely related (4 dif-
ferences) to the haplotypes carried by 3 Scytho-Siberians
from the Tuva Republic in Russia, affiliated to the same
haplogroup (Mary et al. 2019). Finally, the haplotype of
TUK30B (Ht19, Hg D4q) showed only 3 differences with
the haplotype of a Late Sarmatian individual (Krzewiniska
et al. 2018) and the haplotype of TUK-43,-45 (Ht26, Hg
G2ald2) a single difference with the haplotype of a tenth
century Hungarian Conqueror (Neparaczki et al. 2018).

SNP typing added phenotypic and biogeographical
information

Seven out of the 19 members of the great family were sub-
jected to phenotypic and ancestry-informative SNP typ-
ing, allowing estimation of their hair and eye color as well
as of their biogeographical ancestry. TUKO1, who shared
a European mtDNA sequence (Hg T2b3 4+ 151) with his
(half-)sister TUK15 and her offspring but carried an Asian
Y-haplotype (Hg Q1a-M120), was found to have black hair
and brown eyes as well as a mixed Asian-European ances-
try, as expected. He married TUKO2 who was of European
maternal ancestry (Hg J2alal). Their children, TUK03 and
TUK26, showed an admixed ancestry but the color of their
hair appears to have been slightly lighter (Table S9). TUK26
married a woman (or two) carrying a European mtDNA
sequence, which was transmitted to their offspring. One of
the daughters, TUK19, married TUK23 of paternal (R1a-
795) and maternal (J2bla2a) European ancestry. Interest-
ingly, their son, TUK18, seems to have had lighter hair and
was found to be of European ancestry. The genetic ancestry

prediction (European) for TUK25, the grandson of TUK1S5,
is also consistent with his paternal (R1a-Z2125) and mater-
nal (T2b3) European haplotypes.

Discussion

Through the joint analysis of autosomal, Y-chromosomal
and mitochondrial DNA markers, we established that the
Tamir Ulaan Khoshuu site was a familial cemetery with no
evidence of gender-based burial preference (the sex ratio
was 1:1, females and males were buried in the same types
of tombs, grave goods seemed equally abundant). Such prac-
tices, where men and women were treated equally at death,
have apparently been observed in another cemetery attrib-
uted to the Xiongnu (at Daodunzi). It has been suggested
that those practices were likely inherent to mobile pastoral-
ists, whose sustenance depends on men, women and children
(Linduff 2008). This contrasts with other cemeteries that
lack adult female descendants, a phenomenon attributed to
female exogamy (Amorim et al. 2018; Mittnik et al. 2019).

Our multi-marker approach permitted the reconstruction
of a family tree spanning five generations with two branches.
The first branch was composed of the descendants of a
middle-aged male (TUKO1) and the second branch of the
descendants of his (half-)sister (TUK15), an older woman
found in one of the largest and deepest graves in the southern
part of the cemetery (Figs. 1, 2). Both had inherited a West-
ern Eurasian maternal lineage (T2b3) and the male (TUKO1)
had inherited an Eastern Eurasian paternal lineage (Qla-
M120). This Y-haplogroup seems to have migrated from
Mongolia to China during the Neolithic period and spread
over China with the ancestors of Han Chinese (Huang et al.
2018); it has previously been observed at a high frequency
in 3000-year-old ancient individuals from the Central Plain
region (Zhao et al. 2014). We can, therefore, suppose that
our five-generation family originates in European/Asian
Xiongnu intermarriage. More interestingly, the descend-
ants of this union have married men or women of Western
Eurasian ancestry. In fact, except for TUKO1 and his son
TUK26, all members of this presumed elite family carried
West Eurasian maternal (H, J, T, X) and paternal (R1a) lin-
eages. This European genetic contribution is mirrored in
the hair pigmentation of some members of the family: as
expected for an Asian individual, TUKO1’s hair appeared to
have been darker than the hair of his children (TUK-03 and
-26) who themselves seemed to have had darker hair than
TUK?26’s descendants (TUK-23 and -18). This small-scale
admixture process was also observed in the biogeographi-
cal ancestry characterization with a “mixed European-East
Asian” ancestry changing over the generations to a “Euro-
pean” ancestry (Table S9).
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Another unexpected result of our study was that the
descendants of the woman TUKI15 and their spouses (TUK-
15,-34,-48,-25,-13B,-40) were found in the largest tombs,
a marker of high social status. This could suggest that after
the death of her (half-)brother TUKO1 (or due to his incom-
petence or even his Asian paternal ancestry), TUK15 could
have become the leader of this family. The description of a
Xiongnu tomb from a female elite leader at the Xigoupan
cemetery (Linduff 2008) supports this hypothesis and sug-
gests, as previous studies have (Davis-Kimball 2000), that
during the nomadic Early Iron Age, a woman could also
attain a position of prestige. By conferring power to their
daughters, Mongolian leaders were assured to keep full con-
trol over their territories (Lkhagvasuren et al. 2016). It is
notable that TUK?24, also buried in one of the largest tombs
of the necropolis, was highlighted as a possible half-sibling
of TUK34 (Table S4a), possibly her paternal uncle or grand-
father, reinforcing the view that this branch of the genealogy
is associated with especially high status.

Analysis of burial locations showed funeral decisions
based on a combination of family ties and matrimonial sta-
tus. Husbands and wives were buried close to each other and
to their infant or sub-adult children, contrary to adult chil-
dren with a family of their own, who occupied more distant
graves. When a child died before their parents, they could be
buried close to an ancestor (it is possibly the case for TUK11
and her great-great-grand mother TUK15). Such burial prac-
tices, organized around biological kinship, have also been
described (although to a lesser extent) in the Xiongnu Egyin
Gol necropolis (Northern Mongolia) (Keyser-Tracqui et al.
2003).

Genetic comparisons of our TUK samples set with other
Xiongnu groups did not reveal great similarities in Y-haplo-
group composition, even if Y-Hg R1ala has previously been
reported in one Xiongnu individual from the Duurling Nards
graveyard (North Eastern Mongolia) (Kim et al. 2010) along
with three individuals from the Egyin Gol Valley (graves 70,
72 and 73) (Keyser-Tracqui et al. 2003). All R1ala haplo-
types among our TUK samples are closely related and were
attributed to sub-Hgs Rlalalb2a-Z95 or Rlalalb2a2a-
7Z2125. Both are subclades of Rl1alalb2-7Z93, considered
to be the Asian branch of the R1ala haplogroup that would
have originated in the Eurasian steppes (Pamjav et al. 2012;
Haak et al. 2015). Most of these haplotypes were very close
to those of Southern Siberian Middle Bronze or Iron Age
individuals from the Krasnoyarsk region (Keyser et al. 2009)
and the Tuva Republic (Mary et al. 2019) confirming the
presence of Andronovo or Scytho-Siberian ancestry in the
Xiongnu, as previously suggested (Damgaard 2018) and
supporting the Xiongnu—Yenisseian hypothesis (Huang and
Li 2016). Moreover, these haplotypes also matched those
of ancient Hungarian rulers or invaders (Olasz et al. 2019;
Féthi et al. 2020), which might indicate the persistence of
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some Xiongnu paternal lineages in the gene pool of early
Hungarian conquerors. Some further haplotype-level
matches were observed between the Turkic carrier of the
Y-Hg N (TUK13A) and Avars as well as Yakuts from the
seventh and fifteenth—nineteenth centuries, respectively. This
Turkic haplotype, affiliated to Hg N1al or N-Tat (Keyser
et al. 2015; Cséky et al. 2020), could indicate that the Avars
originated from people living in the Mongolian and Baikal
area as previously suggested (Csaky et al. 2020). It could
also provide the first direct evidence that the Turkic-speak-
ing Yakuts originated from the same area.

The investigated Xiongnu elite group shows higher mater-
nal than paternal lineage diversity, as expected in popula-
tions practicing patrilocality (where newlywed women
leave their place of birth to rejoin their husbands) (Oota
et al. 2001). This was likely the case in the TUK community
(it is the case in all nomadic societies), since the only adult
women in the genealogy were wives buried next to their hus-
bands, with the notable exceptions of female leader TUK15,
who was buried in the same cemetery as her brother, and her
daughter TUK34, who was buried in the same cemetery as
her mother, despite marrying and having children. The diver-
sified mitochondrial gene pool of Tamir Ulaan Khoshuu con-
tains equal proportions of Western and Eastern components,
contrasting with the Egyin Gol necropolis, in which most
mtDNA haplogroups were of Asian origin (Keyser-Tracqui
et al. 2003). This East—West balance in TUK mtDNA line-
ages is mainly due to the genetic input from the large family
which carried Western Eurasian maternal lineages exclu-
sively, while two-thirds of individuals outside this family are
of Eastern genetic ancestry. This suggests the inclusion of an
ethnically Asian individual within a group of western origin.

Most matching mtDNA haplotypes where found west of
the Ural Mountains, mainly in individuals associated with
the Bell Beaker complex. This is an expected result, given
that most of them derive a considerable portion of their
ancestry from steppe populations (Olalde et al. 2018). Some
matches were also observed with Avar and Hungarian early-
medieval individuals (Csaky et al. 2020; Neparaczki et al.,
2018), as noted above for the Y-haplotypes. In their study,
Neparaczki et al. (2019) showed that east Eurasian Rla
subclades Rlalalb2a-Z94 and Rlalalb2a2-Z2124 were
a common element of the Hun, Avar and Hungarian Con-
queror elite and very likely belonged to the branch that was
observed in our Xiongnu samples. Moreover, haplogroups
Qla and N1la were also major components of these nomadic
groups, reinforcing the view that Huns (and thus Avars and
Hungarian invaders) might derive from the Xiongnu as was
proposed until the eighteenth century but strongly disputed
since (De la Vaissiere 2005). After they were defeated by the
Chinese Han dynasty, the Northern Xiongnu had fled north-
westward; their descendants may have migrated through
Eurasia and conquered the Carpathian Basin. Finally, one
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mitochondrial haplotype matched an ancient Yakut individ-
ual, confirming their southern origin. Taken together, these
results show that genetic links may exist between consecu-
tive nomadic populations, especially between elite groups.

In conclusion, this extensive study of a funerary ensemble
allowed us to reconstruct a large, five-generation pedigree,
and show that the Xiongnu tribes of Central Mongolia buried
their dead according to familial ties. Results also revealed
that at least some women could have been social equals to
the men. Some Xiongnu paternal and maternal haplotypes
could be found in the gene pool of the Huns, the Avars, as
well as Mongolian and Hungarian conquerors. This supports
the existence of a penchant for conquest in these peoples of
Scytho-Siberian ancestry.

Author contributions CK: writing, analysis of genetic data, and project
supervision; VZ: supervision of the statistical analyses; AG: labora-
tory work, analysis of genetic data; JLF: production of figures, statisti-
cal analysis; TT: supervision of archeological operations (Mongolian
side); FJ: laboratory work, analysis of whole mitochondrial DNA;
PG: production of figures, collection of ancient samples, analysis of
archeological material; SD: collection of ancient samples, analysis of
archeological material; EC: supervision of archeological operations
(French side), collection of ancient samples, analysis of archeological
material; BL: project supervisor.

Funding This research was supported by the CNRS and the INTS.
Data availability All data are available in the manuscript.

Code availability Not applicable.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of in-
terest or competing interests.

References

Amorim CEG, Vai S, Posth C, Modi A, Koncz I, Hakenbeck S, La
Rocca MC, Mende B, Bobo D, Pohl W, Baricco LP, Bedini E,
Francalacci P, Giostra C, Vida T, Winger D, von Freeden U, Ghi-
rotto S, Lari M, Barbujani G, Krause J, Caramelli D, Geary PJ,
Veeramah KR (2018) Understanding 6th-century barbarian social
organization and migration through paleogenomics. Nat Commun
9:3547. https://doi.org/10.1038/s41467-018-06024-4

Andrews RM, Kubacka I, Chinnery PF, Lightowlers RN, Turnbull
DM, Howell N (1999) Reanalysis and revision of the Cambridge
reference sequence for human mitochondrial DNA. Nat Genet
23:147-147. https://doi.org/10.1038/13779

Ballantyne KN, Keerl V, Wollstein A, Choi Y, Zuniga SB, Ralf A,
Vermeulen M, de Knijff P, Kayser M (2012) A new future of
forensic Y-chromosome analysis: Rapidly mutating Y-STRs for
differentiating male relatives and paternal lineages. Forensic Sci
Int 6:208-218. https://doi.org/10.1016/j.fsigen.2011.04.017

Brosseder U (2011) Xiongnu terrace tombs and their interpreta-
tion as elite burials. In: Brosseder U, Miller B (eds) Xiongnu

archaeology. Multidisciplinary perspectives of the first steppe
empire in Inner Asia. Bonn Contributions to Asian Archaeology,
Bonn, pp 247-280

Brotherton P, Haak W, Templeton J, Brandt G, Soubrier J, Jane Adler
C, Richards SM, Sarkissian CD, Ganslmeier R, Friederich S,
Dresely V, van Oven M, Kenyon R, Van der Hoek MB, Korlach
J, Luong K, Ho SYW, Quintana-Murci L, Behar DM, Meller H,
Alt KW, Cooper A (2013) Neolithic mitochondrial haplogroup
H genomes and the genetic origins of Europeans. Nat Commun
4:1764. https://doi.org/10.1038/ncomms2656

Csaky V, Gerber D, Koncz I, Csiky G, Mende BG, Szeifert B, Egyed B,
Pamjav H, Marcsik A, Molnér E, Palfi G, Gulyés A, Kovacsoczy
B, Lezsak GM, Lérinczy G, Szécsényi-Nagy A, Vida T (2020)
Genetic insights into the social organisation of the Avar period
elite in the 7th century AD Carpathian Basin. Sci Rep 10:948.
https://doi.org/10.1038/s41598-019-57378-8

Davis-Kimball J (2000) Enarees and women of high status. In kur-
gans, ritual sites, and settlements: Eurasian Bronze and Iron Age.
In: Davis-Kimball J, Murphy E, Koryakova L, Kurgans LY (eds)
British Archaeological Research Reports, International Series.
Archaeopress, Oxford, pp 223-229

de Damgaard PB, Marchi N, Rasmussen S, Peyrot M, Renaud G,
Korneliussen T, Moreno-Mayar JV, Pedersen MW, Goldberg A,
Usmanova E, Baimukhanov N, Loman V, Hedeager L, Pedersen
AG, Nielsen K, Afanasiev G, Akmatov K, Aldashev A, Alpa-
slan A, Baimbetov G, Bazaliiskii VI, Beisenov A, Boldbaatar B,
Boldgiv B, Dorzhu C, Ellingvag S, Erdenebaatar D, Dajani R,
Dmitriev E, Evdokimov V, Frei KM, Gromov A, Goryachev A,
Hakonarson H, Hegay T, Khachatryan Z, Khaskhanov R, Kitov E,
Kolbina A, Kubatbek T, Kukushkin A, Kukushkin I, Lau N, Mar-
garyan A, Merkyte I, Mertz IV, Mertz VK, Mijiddorj E, Moiyesev
V, Mukhtarova G, Nurmukhanbetov B, Orozbekova Z, Panyush-
kina I, Pieta K, Smrcka V, Shevnina I, Logvin A, Sjogren K-G,
Stolcova T, Taravella AM, Tashbaeva K, Tkachev A, Tulegenov
T, Voyakin D, Yepiskoposyan L, Undrakhbold S, Varfolomeev V,
Weber A, Wilson Sayres MA, Kradin N, Allentoft ME, Orlando L,
Nielsen R, Sikora M, Heyer E, Kristiansen K, Willerslev E (2018)
137 ancient human genomes from across the Eurasian steppes.
Nature 557:369-374. https://doi.org/10.1038/s41586-018-0094-2

De la Vaissiere E (2005) Huns et Xiongnu. Cent Asiat J 49:3-26

Fothi E, Gonzalez A, Fehér T, Gugora A, Fothi A, Bir6 O, Keyser C
(2020) Genetic analysis of male Hungarian Conquerors: European
and Asian paternal lineages of the conquering Hungarian tribes.
Archaeol Anthropol Sci 12:31. https://doi.org/10.1007/s1252
0-019-00996-0

Gamba C, Jones ER, Teasdale MD, McLaughlin RL, Gonzalez-Fortes
G, Mattiangeli V, Domboréczki L, K&vari I, Pap I, Anders A,
Whittle A, Dani J, Raczky P, Higham TFG, Hofreiter M, Bradley
DG, Pinhasi R (2014) Genome flux and stasis in a five millennium
transect of European prehistory. Nat Commun 5:5257. https://doi.
org/10.1038/ncomms6257

Giscard PH, Turbat T, Crubézy E (2013) Le premier Empire des
Steppes en Mongolie. Editions Faton, Paris, p 383

Haak W, Lazaridis I, Patterson N, Rohland N, Mallick S, Llamas B,
Brandt G, Nordenfelt S, Harney E, Stewardson K, Fu Q, Mittnik
A, Banfty E, Economou C, Francken M, Friederich S, Pena RG,
Hallgren F, Khartanovich V, Khokhlov A, Kunst M, Kuznetsov
P, Meller H, Mochalov O, Moiseyev V, Nicklisch N, Pichler SL,
Risch R, Rojo Guerra MA, Roth C, Szécsényi-Nagy A, Wahl J,
Meyer M, Krause J, Brown D, Anthony D, Cooper A, Alt KW,
Reich D (2015) Massive migration from the steppe was a source
for Indo-European languages in Europe. Nature 522:207-211.
https://doi.org/10.1038/nature 14317

Hollard C, Zvénigorosky V, Kovalev A, Kiryushin Y, Tishkin A,
Lazaretov I, Crubézy E, Ludes B, Keyser C (2018) New genetic
evidence of affinities and discontinuities between bronze age

@ Springer


https://doi.org/10.1038/s41467-018-06024-4
https://doi.org/10.1038/13779
https://doi.org/10.1016/j.fsigen.2011.04.017
https://doi.org/10.1038/ncomms2656
https://doi.org/10.1038/s41598-019-57378-8
https://doi.org/10.1038/s41586-018-0094-2
https://doi.org/10.1007/s12520-019-00996-0
https://doi.org/10.1007/s12520-019-00996-0
https://doi.org/10.1038/ncomms6257
https://doi.org/10.1038/ncomms6257
https://doi.org/10.1038/nature14317

Human Genetics

Siberian populations. Am J Phys Anthropol 167:97-107. https://
doi.org/10.1002/ajpa.23607

Huang Y, Li H (2016) Genetic and linguistic evidence for the Xiongnu-
Yeniseian hypothesis. Man India 95(4):93-108

Huang Y, Pamjav H, Flegontov P, Stenzl V, Wen S, Tong X, Wang C,
Wang L, Wei L, Gao J, Jin L, Li H (2018) Dispersals of the Sibe-
rian Y-chromosome haplogroup Q in Eurasia. Mol Genet Genom
293(1):107-117. https://doi.org/10.1007/s00438-017-1363-8

Kalinowski ST, Wagner AP, Taper ML (2006) ml-relate: a computer
program for maximum likelihood estimation of relatedness and
relationship. Mol Ecol Notes 6:576-579. https://doi.org/10.111
1/1.1471-8286.2006.01256.x

Keyser C, Bouakaze C, Crubézy E, Nikolaev VG, Montagnon D, Reis
T, Ludes B (2009) Ancient DNA provides new insights into the
history of south Siberian Kurgan people. Hum Genet 126:395-
410. https://doi.org/10.1007/s00439-009-0683-0

Keyser C, Hollard C, Gonzalez A, Fausser J-L, Rivals E, Alexeev AN,
Riberon A, Crubézy E, Ludes B (2015) The ancient Yakuts: a
population genetic enigma. Phil Trans R Soc B 370:20130385.
https://doi.org/10.1098/rstb.2013.0385

Keyser-Tracqui C, Crubézy E, Ludes B (2003) Nuclear and mitochon-
drial DNA analysis of a 2,000-year-old necropolis in the Egyin
Gol valley of Mongolia. Am J Hum Genet 73:247-260. https://
doi.org/10.1086/377005

Kim K, Brenner CH, Mair VH, Lee K-H, Kim J-H, Gelegdorj E,
Batbold N, Song Y-C, Yun H-W, Chang E-J, Lkhagvasuren G,
Bazarragchaa M, Park A-J, Lim I, Hong Y-P, Kim W, Chung S-1,
Kim D-J, Chung Y-H, Kim S-S, Lee W-B, Kim K-Y (2010) A
western Eurasian male is found in 2000-year-old elite Xiongnu
cemetery in Northeast Mongolia. Am J Phys Anthropol 142:429—
440. https://doi.org/10.1002/ajpa.21242

Kling D, Tillmar AO, Egeland T (2014) Familias 3—extensions and
new functionality. Forensic Sci Int 13:121-127. https://doi.
org/10.1016/j.fsigen.2014.07.004

Krzewiniska M, Kiling GM, Juras A, Koptekin D, Chylenski M, Nikitin
AG, Shcherbakov N, Shuteleva I, Leonova T, Kraeva L, Sungatov
FA, Sultanova AN, Potekhina I, Lukasik S, Krenz-Niedbata M,
Dalén L, Sinika V, Jakobsson M, Stora J, Gotherstrom A (2018)
Ancient genomes suggest the eastern Pontic-Caspian steppe as the
source of western Iron Age nomads. Sci Adv 4:eaat4457. https://
doi.org/10.1126/sciadv.aat4457

Linduff KM, Rubinson KS, Berseneva N, Hanks B, Harding D, Jones-
Bley K, Legrand S, Linduff K, Nelson SM, Olsen SL, Rubinson K,
Shelach G, Wright R (2008) Are all warriors male? Gender roles
on the ancient Eurasian steppe. AltaMira Press, Lanham

Lipson M, Szécsényi-Nagy A, Mallick S, Pésa A, Stégmar B, Keerl
V, Rohland N, Stewardson K, Ferry M, Michel M, Oppenheimer
J, Broomandkhoshbacht N, Harney E, Nordenfelt S, Llamas B,
Gusztav Mende B, Kohler K, Oross K, Bondar M, Marton T, Osz-
tas A, Jakucs J, Paluch T, Horvath F, Csengeri P, Ko6s J, Seb6k
K, Anders A, Raczky P, Regenye J, Barna JP, Fabian S, Serlegi G,
Toldi Z, Gyongyvér Nagy E, Dani J, Molnar E, Palfi G, Mark L,
Melegh B, Banfai Z, Dombordczki L, Fernandez-Eraso J, Antonio
Mujika-Alustiza J, Alonso Fernandez C, Jiménez Echevarria J,
Bollongino R, Orschiedt J, Schierhold K, Meller H, Cooper A,
Burger J, Banfty E, Alt KW, Lalueza-Fox C, Haak W, Reich D
(2017) Parallel palacogenomic transects reveal complex genetic
history of early European farmers. Nature 551:368-372. https://
doi.org/10.1038/nature24476

Lkhagvasuren G, Shin H, Lee SE, Tumen D, Kim J-H, Kim K-Y,
Kim K, Park AJ, Lee HW, Kim MJ, Choi J, Choi J-H, Min NY,
Lee K-H (2016) Molecular genealogy of a Mongol queen’s fam-
ily and her possible kinship with Genghis Khan. PLoS ONE
11:¢0161622. https://doi.org/10.1371/journal.pone.0161622

Mary L, Zvénigorosky V, Kovalev A, Gonzalez A, Fausser J-L, Jagorel
F, Kilunovskaya M, Semenov V, Crubézy E, Ludes B, Keyser C

@ Springer

(2019) Genetic kinship and admixture in Iron Age Scytho-Sibe-
rians. Hum Genet 138:411-423. https://doi.org/10.1007/s0043
9-019-02002-y

Mathieson I, Alpaslan-Roodenberg S, Posth C, Szécsényi-Nagy A,
Rohland N, Mallick S, Olalde I, Broomandkhoshbacht N, Can-
dilio F, Cheronet O, Fernandes D, Ferry M, Gamarra B, Fortes
GG, Haak W, Harney E, Jones E, Keating D, Krause-Kyora
B, Kucukkalipci I, Michel M, Mittnik A, Nigele K, Novak M,
Oppenheimer J, Patterson N, Pfrengle S, Sirak K, Stewardson K,
Vai S, Alexandrov S, Alt KW, Andreescu R, Antonovi¢ D, Ash A,
Atanassova N, Bacvarov K, Gusztav MB, Bocherens H, Bolus M,
Boroneant A, Boyadzhiev Y, Budnik A, Burmaz J, Chohadzhiev
S, Conard NJ, Cottiaux R, Cuka M, Cupillard C, Drucker DG,
Elenski N, Francken M, Galabova B, Ganetsovski G, Gély B,
Hajdu T, Handzhyiska V, Harvati K, Higham T, Iliev S, Jankovi¢
I, Karavani¢ I, Kennett DJ, Komso D, Kozak A, Labuda D, Lari
M, Lazar C, Leppek M, Leshtakov K, Vetro DL, Los D, Lozanov
I, Malina M, Martini F, McSweeney K, Meller H, Mendusi¢ M,
Mirea P, Moiseyev V, Petrova V, Price TD, Simalcsik A, Sineo L,
Slaus M, Slavchev V, Stanev P, Starovi¢ A, Szeniczey T, Talamo
S, Teschler-Nicola M, Thevenet C, Valchev I, Valentin F, Vasi-
lyev S, Veljanovska F, Venelinova S, Veselovskaya E, Viola B,
Virag C, Zaninovi¢ J, Zauner S, Stockhammer PW, Catalano G,
KrauB R, Caramelli D, Zarina G, Gaydarska B, Lillie M, Nikitin
AG, Potekhina I, Papathanasiou A, Bori¢ D, Bonsall C, Krause J,
Pinhasi R, Reich D (2018) The genomic history of southeastern
Europe. Nature 555:197-203. https://doi.org/10.1038/nature25778

Matisoo-Smith E, Gosling AL, Platt D, Kardailsky O, Prost S, Cam-
eron-Christie S, Collins CJ, Boocock J, Kurumilian Y, Guirguis
M, Pla Orquin R, Khalil W, Genz H, Abou Diwan G, Nassar J,
Zalloua P (2018) Ancient mitogenomes of Phoenicians from Sar-
dinia and Lebanon: a story of settlement, integration, and female
mobility. PLoS ONE 13:e01901609. https://doi.org/10.1371/journ
al.pone.0190169

Mendisco F, Keyser C, Hollard C, Seldes V, Nielsen AE, Crubézy E,
Ludes B (2011) Application of the iPLEXTM Gold SNP genotyp-
ing method for the analysis of Amerindian ancient DNA samples:
benefits for ancient population studies. Electrophoresis 32:386—
393. https://doi.org/10.1002/elps.201000483

Mittnik A, Wang C-C, Pfrengle S, Daubaras M, Zarina G, Hallgren
F, Allmée R, Khartanovich V, Moiseyev V, Torv M, Furtwingler
A, Andrades Valtuefia A, Feldman M, Economou C, Oinonen M,
Vasks A, Balanovska E, Reich D, Jankauskas R, Haak W, Schiffels
S, Krause J (2018) The genetic prehistory of the Baltic Sea region.
Nat Commun 9:442. https://doi.org/10.1038/s41467-018-02825-9

Mittnik A, Massy K, Knipper C, Wittenborn F, Friedrich R, Pfrengle
S, Burri M, Carlichi-Witjes N, Deeg H, Furtwingler A, Harbeck
M, von Heyking K, Kociumaka C, Kucukkalipci I, Lindauer S,
Metz S, Staskiewicz A, Thiel A, Wahl J, Haak W, Pernicka E,
Schiffels S, Stockhammer PW, Krause J (2019) Kinship-based
social inequality in Bronze Age Europe. Science 366:731-734.
https://doi.org/10.1126/science.aax6219

Neparaczki E, Maréti Z, Kalmér T, Kocsy K, Maar K, Bihari P, Nagy I,
Fothi E, Pap I, Kustar A, Palfi G, Raské I, Zink A, Torok T, Cara-
melli D (2018) Mitogenomic data indicate admixture components
of Central-Inner Asian and Srubnaya origin in the conquering
Hungarians. PLOS ONE 13(10):e0205920

Neparaczki E, Maréti Z, Kalmar T, Maér K, Nagy I, Latinovics D,
Kustar A, Palfi G, Molnar E, Marcsik A, Balogh C, Lérinczy G,
Gal SS, Tomka P, Kovacséczy B, Kovacs L, Raské I, Torok T
(2019) Y-chromosome haplogroups from Hun, Avar and conquer-
ing Hungarian period nomadic people of the Carpathian Basin.
Sci Rep 9:165609. https://doi.org/10.1038/s41598-019-53105-5

Olalde I, Brace S, Allentoft ME, Armit I, Kristiansen K, Booth T, Roh-
land N, Mallick S, Szécsényi-Nagy A, Mittnik A, Altena E, Lip-
son M, Lazaridis I, Harper TK, Patterson N, Broomandkhoshbacht


https://doi.org/10.1002/ajpa.23607
https://doi.org/10.1002/ajpa.23607
https://doi.org/10.1007/s00438-017-1363-8
https://doi.org/10.1111/j.1471-8286.2006.01256.x
https://doi.org/10.1111/j.1471-8286.2006.01256.x
https://doi.org/10.1007/s00439-009-0683-0
https://doi.org/10.1098/rstb.2013.0385
https://doi.org/10.1086/377005
https://doi.org/10.1086/377005
https://doi.org/10.1002/ajpa.21242
https://doi.org/10.1016/j.fsigen.2014.07.004
https://doi.org/10.1016/j.fsigen.2014.07.004
https://doi.org/10.1126/sciadv.aat4457
https://doi.org/10.1126/sciadv.aat4457
https://doi.org/10.1038/nature24476
https://doi.org/10.1038/nature24476
https://doi.org/10.1371/journal.pone.0161622
https://doi.org/10.1007/s00439-019-02002-y
https://doi.org/10.1007/s00439-019-02002-y
https://doi.org/10.1038/nature25778
https://doi.org/10.1371/journal.pone.0190169
https://doi.org/10.1371/journal.pone.0190169
https://doi.org/10.1002/elps.201000483
https://doi.org/10.1038/s41467-018-02825-9
https://doi.org/10.1126/science.aax6219
https://doi.org/10.1038/s41598-019-53105-5

Human Genetics

N, Diekmann Y, Faltyskova Z, Fernandes D, Ferry M, Harney E,
de Knijff P, Michel M, Oppenheimer J, Stewardson K, Barclay
A, Alt KW, Liesau C, Rios P, Blasco C, Miguel JV, Garcia RM,
Fernandez AA, Banffy E, Bernabo-Brea M, Billoin D, Bonsall
C, Bonsall L, Allen T, Biister L, Carver S, Navarro LC, Craig
OE, Cook GT, Cunliffe B, Denaire A, Dinwiddy KE, Dodwell
N, Ernée M, Evans C, Kuchatik M, Farré JF, Fowler C, Gazen-
beek M, Pena RG, Haber-Uriarte M, Haduch E, Hey G, Jowett
N, Knowles T, Massy K, Pfrengle S, Lefranc P, Lemercier O,
Lefebvre A, Martinez CH, Olmo VG, Ramirez AB, Maurandi
JL, Majoé T, McKinley JI, McSweeney K, Mende BG, Modi A,
Kulcsér G, Kiss V, Czene A, Patay R, Endrédi A, Kohler K, Hajdu
T, Szeniczey T, Dani J, Bernert Z, Hoole M, Cheronet O, Keat-
ing D, Veleminsky P, Dobe§ M, Candilio F, Brown F, Fernandez
RF, Herrero-Corral A-M, Tusa S, Carnieri E, Lentini L, Valenti
A, Zanini A, Waddington C, Delibes G, Guerra-Doce E, Neil B,
Brittain M, Luke M, Mortimer R, Desideri J, Besse M, Briicken
G, Furmanek M, Hatuszko A, Mackiewicz M, Rapinski A, Leach
S, Soriano I, Lillios KT, Cardoso JL, Pearson MP, Wtodarczak P,
Price TD, Prieto P, Rey P-J, Risch R, Rojo Guerra MA, Schmitt
A, Serralongue J, Silva AM, Smrcka V, Vergnaud L, Zilhao J,
Caramelli D, Higham T, Thomas MG, Kennett DJ, Fokkens H,
Heyd V, Sheridan A, Sjogren K-G, Stockhammer PW, Krause J,
Pinhasi R, Haak W, Barnes I, Lalueza-Fox C, Reich D (2018) The
Beaker phenomenon and the genomic transformation of northwest
Europe. Nature 555:190-196. https://doi.org/10.1038/nature25738

Olasz J, Seidenberg V, Hummel S, Szentirmay Z, Szabados G, Melegh
B, Kasler M (2019) DNA profiling of Hungarian King Béla III
and other skeletal remains originating from the Royal Basilica of
Székesfehérvar. Archaeol Anthropol Sci 11:1345-1357. https://
doi.org/10.1007/s12520-018-0609-7

Oota H, Settheetham-Ishida W, Tiwawech D, Ishida T, Stoneking M
(2001) Human mtDNA and Y-chromosome variation is correlated
with matrilocal versus patrilocal residence. Nat Genet 29:20-21.
https://doi.org/10.1038/ng711

Pamjav H, Fehér T, Németh E, Padar Z (2012) Brief communication:
new Y-chromosome binary markers improve phylogenetic resolu-
tion within haplogroup R1al. Am J Phys Anthropol 149:611-615.
https://doi.org/10.1002/ajpa.22167

Park J-S, Gelegdorj E, Chimiddorj Y-E (2010) Technological tra-
ditions inferred from iron artefacts of the Xiongnu Empire

in Mongolia. J Archaeol Sci 37:2689-2697. https://doi.
org/10.1016/j.jas.2010.06.002

Saag L, Varul L, Scheib CL, Stenderup J, Allentoft ME, Saag L, Pagani
L, Reidla M, Tambets K, Metspalu E, Kriiska A, Willerslev E,
Kivisild T, Metspalu M (2017) Extensive farming in Estonia
started through a sex-biased migration from the steppe. Curr Biol
27:2185-2193.¢6. https://doi.org/10.1016/j.cub.2017.06.022

Schmidt RW, Seguchi N (2016) Craniofacial variation of the Xiongnu
Iron Age nomads of Mongolia reveals their possible origins
and population history. Quat Int 405:110-112. https://doi.
org/10.1016/j.quaint.2014.11.035

Vai S, Brunelli A, Modi A, Tassi F, Vergata C, Pilli E, Lari M, Susca
RR, Giostra C, Baricco LP, Bedini E, Koncz I, Vida T, Mende
BG, Winger D, Loskotova Z, Veeramah K, Geary P, Barbujani G,
Caramelli D, Ghirotto S (2019) A genetic perspective on Longo-
bard-Era migrations. Eur J] Hum Genet 27:647-656. https://doi.
org/10.1038/s41431-018-0319-8

Weissensteiner H, Pacher D, Kloss-Brandstitter A, Forer L, Specht G,
Bandelt H-J, Kronenberg F, Salas A, Schonherr S (2016) Hap-
loGrep 2: mitochondrial haplogroup classification in the era of
high-throughput sequencing. Nucleic Acids Res 44:W58-W63.
https://doi.org/10.1093/nar/gkw233

Wright J, Honeychurch W, Amartuvshin C (2009) The Xiongnu settle-
ments of Egiin Gol, Mongolia. Antiquity 83:372-387. https://doi.
org/10.1017/S0003598X00098495

Zhao Y-B, Zhang Y, Li H-J, Cui Y-Q, Zhu H, Zhou H (2014) Ancient
DNA evidence reveals that the Y chromosome haplogroup Qlal
admixed into the Han Chinese 3,000 years ago. Am J Hum Biol
26:813-821. https://doi.org/10.1002/ajhb.22604

Zvénigorosky V, Sabbagh A, Gonzalez A, Fausser J-L, Palstra F,
Romanov G, Solovyev A, Barashkov N, Fedorova S, Crubézy E,
Ludes B, Keyser C (2020) The limitations of kinship determina-
tions using STR data in ill-defined populations. Int J Legal Med.
https://doi.org/10.1007/s00414-020-02298-w

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1038/nature25738
https://doi.org/10.1007/s12520-018-0609-7
https://doi.org/10.1007/s12520-018-0609-7
https://doi.org/10.1038/ng711
https://doi.org/10.1002/ajpa.22167
https://doi.org/10.1016/j.jas.2010.06.002
https://doi.org/10.1016/j.jas.2010.06.002
https://doi.org/10.1016/j.cub.2017.06.022
https://doi.org/10.1016/j.quaint.2014.11.035
https://doi.org/10.1016/j.quaint.2014.11.035
https://doi.org/10.1038/s41431-018-0319-8
https://doi.org/10.1038/s41431-018-0319-8
https://doi.org/10.1093/nar/gkw233
https://doi.org/10.1017/S0003598X00098495
https://doi.org/10.1017/S0003598X00098495
https://doi.org/10.1002/ajhb.22604
https://doi.org/10.1007/s00414-020-02298-w

	Genetic evidence suggests a sense of family, parity and conquest in the Xiongnu Iron Age nomads of Mongolia
	Abstract
	Introduction
	Materials and methods
	Site and bodies
	DNA extraction and quantification
	Autosomal STR typing and kinship determination
	Y-chromosomal STR and SNP typing
	Whole mitochondrial genome sequencing
	Phenotype- and biogeography-informative SNP typing

	Results
	An exceptional genealogy detected by autosomal STR profiles
	Y-chromosomal haplotypes confirm detected relationships
	Y-chromosomal lineages reveal the mixed origin of the Xiongnu
	Mitochondrial haplotypes support first- and second-degree relationships
	Mitochondrial lineages reveal European ancestry in the largest family
	SNP typing added phenotypic and biogeographical information

	Discussion
	References




