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Abstract

Although Uzbekistan and Central Asia are known for the well-studied Bronze Age civilization of the Bactria–Margiana
Archaeological Complex (BMAC), the lesser-known Iron Age was also a dynamic period that resulted in increased
interaction and admixture among different cultures from this region. To broaden our understanding of events that
impacted the demography and population structure of this region, we generated 27 genome-wide single-nucleotide
polymorphism capture data sets of Late Iron Age individuals around the Historical Kushan time period (�2100–1500 BP)
from three sites in South Uzbekistan. Overall, Bronze Age ancestry persists into the Iron Age in Uzbekistan, with no major
replacements of populations with Steppe-related ancestry. However, these individuals suggest diverse ancestries related
to Iranian farmers, Anatolian farmers, and Steppe herders, with a small amount of West European Hunter Gatherer, East
Asian, and South Asian Hunter Gatherer ancestry as well. Genetic affinity toward the Late Bronze Age Steppe herders and
a higher Steppe-related ancestry than that found in BMAC populations suggest an increased mobility and interaction of
individuals from the Northern Steppe in a Southward direction. In addition, a decrease of Iranian and an increase of
Anatolian farmer-like ancestry in Uzbekistan Iron Age individuals were observed compared with the BMAC populations
from Uzbekistan. Thus, despite continuity from the Bronze Age, increased admixture played a major role in the shift from
the Bronze to the Iron Age in southern Uzbekistan. This mixed ancestry is also observed in other parts of the Steppe and
Central Asia, suggesting more widespread admixture among local populations.
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Introduction
Uzbekistan, in Central Asia, includes diverse populations
with both East and West Eurasian ancestries (Irwin et al.
2010). During the Bronze Age (BA), the emergence of pas-
toral economies led to an increased mobility and the de-
velopment of many settlements across Central Asia (Kohl
2007; Frachetti 2012; Spengler 2015). Many such pastoral
settlements from the Mid-BA (�2100–1800 BCE), particu-
larly in and around South Uzbekistan, possess a material
culture associated with the Bactria–Margiana
Archaeological Complex (BMAC) (Kohl 2007; Cunliffe
2015). In particular, BA Uzbekistan populations show similar
ancestry profiles to those found in other BMAC settlements
around the Amu Dariya River, suggesting interactions and

connections between them (Narasimhan et al. 2019). The
BMAC populations were previously shown to be primarily a
mixture of Iranian (�60–65%) and Anatolian (�20–25%)
farmer ancestries (Narasimhan et al. 2019). Some BMAC
individuals were found to have high Yamnaya/Steppe-
related ancestry, suggesting this ancestry began appearing
in Central Asia by around �4100 BP (Narasimhan et al.
2019). Later, in the Mid and Late BA, communities residing
in the Bactrian region of Uzbekistan showed higher Steppe-
related ancestry compared with the Early BA populations,
suggesting an increased influence from the Steppe herders
in Uzbekistan (Narasimhan et al. 2019).

In Central Asia, the transition from the BA to the Iron Age
(IA) toward the middle of the second millennium BCE is
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characterized by major shifts in material culture with in-
creased mobility and interaction (Cunliffe 2015). During the
Early IA, South-Central Asia contained many important set-
tlements, such as Bactria, located in the Amu-Darya basin,
Margiana, located near the delta of the Murghab River,
Sgodia, around the Zeravshan River basin, and Fergana valley,
near the Tianshan mountain range (Lhuillier and Mashkour
2017). During the beginning of the IA (�1500–1400 BCE) a
new culture, “Yaz,” appeared in South-Central Asia charac-
terized by a shift in material culture that included a distinct
hand-made pottery and different funerary practices, which
lacked prominent graves like the Kurgan-style burial graves
observed in the Steppe region (Sarmiento and Lhuillier 2011;
Lhuillier and Mashkour 2017). Later, during the middle IA,
which extended from �1000 BCE until the conquest of
Central Asia by the Achaemenids, the Persian Empire saw
the development of large settlements, advancement in Iron
metallurgy technology and with a new wheel-made pottery
style by the “Yaz II” culture, followed by the late IA establish-
ment of the Achaemenid Empire (�550–330 BCE), also
sometimes referred to as “Yaz III” (Kuhrt 2001; Wu et al.
2015; Lhuillier and Mashkour 2017).

Later, this region was under the control of the Greco-
Bactrian-Kingdom (�250–125 BCE) (Abazov 2008), during
which major upheavals occurred, with migrations and settle-
ments by Indo-European tribes such as the Sakas from North
Asia and later by the Yuezhi people from East Asia, who went
on to establish the Kushan Empire (�1st century CE)
(Abdullaev 2007; Abazov 2008; Cunliffe 2015; Lhuillier and
Mashkour 2017). In general, in archaeological and genetic
studies, the impact of Steppe-related culture and ancestry
increased from the BA to IA in Central Asia (Cunliffe 2015;
Narasimhan et al. 2019), thus genetically, a question remains
of how Steppe-related migration into this region from the BA
impacted the late IA populations in Central Asia. To address
this question, and the general lack of post-BA genomic data
from Uzbekistan, we sequenced 27 ancient samples from the
Late IA encompassing the Kushan time period (Uz_IA)
(�2100–1500 BP), from three sites in South Uzbekistan:
Rabat, Serkharakat, and Dehkan (fig. 1A and supplementary
table S1, Supplementary Material online).

Results and Discussion
In total, DNA from 27 ancient individuals was extracted and
enriched for �1.2 million single-nucleotide polymorphism
(SNP) targets (Fu et al. 2013; 2015). Full mitochondrial
genomes were additionally enriched from all 27 samples using
oligonucleotide probes (Fu et al. 2013) (supplementary table
S1, Supplementary Material online). Mitogenomes from all 27
individuals (19–370� fold coverage) had low contamination
rates (0–2.7%) and a high haplogroup diversity among the
Uz_IA population (fig 1A and supplementary table S1 and fig.
S15, Supplementary Material online). The haplogroups sug-
gest ancient Turan (i.e., the region comprising Iran and south-
ern Central Asia, which includes present-day countries of
Turkmenistan, Tajikistan, Uzbekistan, Afghanistan, and
Kyrgyzstan) and Steppe-related maternal ancestry

represented by six “U” and five “H” haplogroups
(Narasimhan et al. 2019). Both of these haplogroups are
also prevalent in present-day European, Caucasus, and
Central and West Asian populations (supplementary fig.
S15, Supplementary Material online). Another four D-hap-
logroups indicate a stronger genetic connection with
present-day East Asian and Siberian populations (supplemen-
tary fig. S15, Supplementary Material online). Twelve other
minor haplogroups of J, K, M, T, V, W, and X also indicate a
high haplogroup diversity widely present in this region both
in the ancient and present-day populations (Irwin et al. 2010;
Narasimhan et al. 2019) (fig 1A and supplementary table S1,
Supplementary Material online). We also identified the Y-
haplogroup, R1a1 (n¼ 3), which additionally supports a con-
nection to the present-day West-Central Asian and eastern
European populations. Among the ancient populations, this
haplogroup has been reported in Middle-to-Late Bronze Age
(MLBA) populations in cultures having Steppe-related affin-
ities such as Corded-Ware, Andronovo, and Sintashta
(Allentoft et al. 2015; Haak et al. 2015; Mathieson et al.
2015; Underhill et al. 2015). We used nuclear DNA to further
investigate the genetic relationships of IA Uzbekistan. We
discarded individuals with <20k SNPs and checked the kin-
ship relationships of those remaining, using only the individ-
ual with the highest number of SNPs from each kinship pair
for further genetic analysis (supplementary table S2,
Supplementary Material online). This resulted in a set of 15
unrelated individuals having 0.02–2.88 � fold coverage
(27,900–723,918 SNPs).

Increased Steppe Ancestry in Iron Age Compared with
Bronze Age
To assess the genetic affinities between Uz_IA individuals and
ancient populations, we first performed principal component
analysis (PCA) (Patterson et al. 2006) by projecting the an-
cient diverse Eurasian populations onto the present-day pop-
ulations. The PCA results show that all the Uz_IA individuals
lie on a cline extending from West Siberian Hunter Gatherers
(WSHG) to Anatolian and Iranian farmer-related ancestry (fig.
1B and supplementary figs. S1–S3, Supplementary Material
online) clustering closely with the geographically proximal
ancient BA and IA populations from the Steppe and
Central Asia, including ancient populations from
Uzbekistan and neighboring regions of Turan and the
Central Steppe (fig. 1B and supplementary figs. S1 and S2,
Supplementary Material online). Despite being in proximity
on the PCA to the previously published Uzbekistan BA pop-
ulations (Bustan, Dzharkutan, Kashkarchi, Kokcha, and
Sappali_Teppe), the Uz_IA populations lack a tight clustering.
They overlap with Turan IA and historical time period pop-
ulations with Steppe-related ancestry, suggesting the pres-
ence and influence of more Steppe-related ancestry in
Uz_IA individuals than in BA Uzbekistan populations. To
estimate the ancestral admixture and population structure,
we used the model-based clustering method implemented in
ADMIXTURE (Alexander et al. 2009). The same trends from
the PCA are also observed in the ADMIXTURE (K¼ 8) anal-
ysis (fig 1C and supplementary figs. S4 and S5, Supplementary
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FIG. 1. Geographical location, mitochondrial haplogroup, PCA and admixture analysis of Uz_IA individuals. (A) Map showing the geographical
location in South Uzbekistan of the three Uz_IA archaeological sites studied. The pie chart shows the distribution of mitochondrial haplogroups of
Uz_IA individuals. (B) PCA of newly sequenced Uz_IA individuals along with published ancient populations from West and East Eurasia projected
onto present-day populations. (C) ADMIXTURE ancestry components (K¼ 8) of Uz_IA and published populations from West and East Eurasia.
The three main ancestry components are shown in green, red and violet representing ancestry maximized in Anatolian farmers, Iranian farmers,
and Hunter Gatherers from West Siberia, respectively. Only the unrelated individuals having>20k SNPs are used for the analyses. The Dehkan site
with only one individual (<20k SNPs) has been discarded from any further analyses. Only a subset of ancient samples, which are spatially and
temporally important, is shown and supplementary figures of PCA and ADMIXTURE show all present-day and ancient populations.
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Material online), with three major sources of ancestries max-
imized in Iranian farmers, Anatolian farmers and WSHG
(Steppe-related), as well as small amounts of West
European Hunter Gatherer and East Asian-related ancestries
(fig 1C and supplementary fig. S5, Supplementary Material
online). The single individual from the Serkharakat site also
shows high genetic similarity to Rabat individuals in PCA (fig.
1B and supplementary figs. S1–S3, Supplementary Material
online), clustering with other Rabat individuals, and having
similar admixture components in ADMIXTURE analysis (fig.
1C).

We additionally investigated the genetic affinity between
Rabat and Serkharakat using the outgroup-f3 test, that is,
f3(Rabat, Serkharakat/Ancient Population; Mbuti) and f4-sta-
tistics test of the form f4(Rabat, Ancient Population;
Serkharakat, Mbuti) (fig. 2B and supplementary fig. S6,
Supplementary Material online). We noticed that Rabat
and Serkharakat share strong genetic drift with each other,
but both share greater genetic drift with Steppe MLBA and
Afanasievo populations, indicating that the Serkharakat indi-
vidual is not descended from Rabat individuals. In most cases,
Uz_IA shows higher genetic affinity to the Late Bronze Age
(LBA) populations with Steppe-related ancestry from Turan,
Altai, and eastern European regions than to the other BA
populations from Turan and Central Asia (fig. 2A and sup-
plementary figs. S6, S8, and S9 and table S3, Supplementary
Material online). This trend of higher Steppe-related ancestry
in the Uz_IA samples is also supported by their closer prox-
imity to present-day Europeans in the PCA, as well as higher
values for f3(Uz_IA, Present-day Population; Mbuti) > 0, rel-
ative to Central Asian (including Turan) and Caucasus pop-
ulations (supplementary figs. S3 and S7, Supplementary
Material online).

The outgroup-f3 analysis shows the highest genetic affinity
between Uz_IA and the Steppe_MLBA population (fig. 2A
and supplementary fig. S8, Supplementary Material online).
Among the Early-to-Middle Bronze Age Steppe
(Steppe_EMBA) populations, Uz_IA shows the highest affin-
ity with the Afanasievo population in outgroup-f3 statistics
and an overall greater affinity to Western_Steppe_EMBA
populations than to Central_Steppe_EMBA populations
(supplementary fig. S8, Supplementary Material online).
Among the Steppe_MLBA populations, Uz_IA shows higher
genetic affinity to Central_Steppe_MLBA than to
Western_Steppe_MLBA populations (supplementary fig. S8,
Supplementary Material online). The f4-statistics of the form
f4(Ancient Population, Ancient Population; Uz_IA, Mbuti) also
suggest a greater affinity between Steppe MLBA populations
and Uz_IA compared with the BMAC populations and other
ancient BA populations from the Steppe region except for the
Afanasievo population (supplementary fig. S9,
Supplementary Material online). We conclude that Uz_IA
populations were thus derived from an LBA/IA Steppe pas-
toralist group that admixed with later IA populations in east-
ern Asia and Turan, principally derived from populations
related to the Central_Steppe_MLBA. We observe a greater
genetic affinity of Uz_IA to present-day Europeans than to
the present-day Uzbekistan populations (supplementary fig.

S7, Supplementary Material online). This higher genetic affin-
ity for European populations is due to the similar compo-
nents of Anatolian farmer and Steppe-related ancestries
observed both in Uz_IA and European present-day popula-
tions. Lower genetic affinity for the present-day Uzbekistan
populations indicates substantial demographic changes
through several admixture events over the past�2,000 years
whereby present-day Uzbekistan populations now show ad-
ditional ancestries derived from East Asian and Siberian pop-
ulations (Irwin et al. 2010; Yunusbayev et al. 2015).
Considering the greater inflow of Steppe ancestry during
the IA into this region, the present-day populations reveal
an interruption of genetic continuity since the Iron Age in
southern Uzbekistan.

We then modeled the potential ancestry components us-
ing qpAdm to further investigate the admixture amount and
ancestral sources in the Uz_IA individuals (Patterson et al.
2012). This admixture modeling was done in two stages: the
first stage involved distal modeling, which included ancient
pre-Copper Age populations as sources of admixture, and the
second stage used proximal modeling where we focused on
BA and IA populations as sources. The distal models included
up to five sources, and we identified three major ancestries
related to Iranian farmers (�31–39%), Anatolian farmers
(�30–34%), and Steppe-related ancestry (WSHG) (�15–
17%); and three minor ancestries of West European Hunter
Gatherer (�7–12%), East Asian (�5-7%), and South Asian
Hunter Gatherer represented by Onge population (�8%)
(table 1). Both Rabat and Serkharakat show similar models
except that the Serkharakat individual also shows affinity for
South Asian Hunter Gatherers represented by Onge
population.

For the proximal model, we first performed admixture-f3
tests, a three-population test whereby a significantly negative
value indicates the target is a mixture of ancestry related to
the other two populations. We found that admixture-
f3(Population1, Population2; Uz_IA) < 0 (z < �3.0), where
the test population includes temporally and spatially prese-
lected ancient populations used for proximal qpAdm model-
ing. The top 25 negative admixture-f3 tests predominantly
show a pattern where the Uz_IA population appears to be
a mixture of ancestry present in BMAC and MLBA popula-
tions (supplementary fig. S14, Supplementary Material on-
line). In proximal source modeling, Uz_IA can be modeled
as single source with Ksirov_H_Kushan, a population present
within a similar geographical region and time period, indicat-
ing a similar ancestry profile as that found in Uz_IA individ-
uals (supplementary table S4, Supplementary Material
online). A previous genomic study found that the Kushan
individuals (30–380 CE) from South Tajikistan possessed a
mixed ancestry of LBA Steppe herders (�43.5%), BMAC pop-
ulations (�16.8%), and Anatolian farmers (�39.7%)
(Narasimhan et al. 2019). Some archaeological texts and
records from the Ksirov site in Tajikistan have been regarded
as a link between the Kushan and the Yuezhi people (Liu
2001; Narasimhan et al. 2019). Our Uz_IA individuals also
show similarities with the Ksirov site in Tajikistan and present
a similar ancestral profile having an East Asian-related

Kumar et al. . doi:10.1093/molbev/msab216 MBE

4

D
ow

nloaded from
 https://academ

ic.oup.com
/m

be/advance-article/doi/10.1093/m
olbev/m

sab216/6329832 by Institute of Vertebrate Paleontology and Paleoanthropology,C
AS user on 19 August 2021

https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/msab216#supplementary-data


A

B

FIG. 2. Outgroup f3- and f4-statistics of Uz_IA populations. (A) Outgroup-f3 test (f3(Uz_IA, X; Mbuti) > 0) showing the 25 populations with the
highest affinity (most positive) to Uz_IA samples. Most of these populations are from the Central Steppe, and among them MLBA populations
from Kazakhstan show the highest affinity. Horizontal bars represent two standard errors. (B) Results of f4-statistics of the form f4(Rabat/
Serkharakat, X; Rabat/Serkharkat, Mbuti). The plot shows the significant Z-scores of the f4-statistics test results. The negative values show a
greater affinity of both Rabat and Serkharakat to the ancient populations compared with each other. The ancient populations are subgrouped as
BMAC, Central Steppe EMBA (CS_EMBA), Central Steppe MLBA (CS_MLBA), Eastern Steppe EMBA (ES_EMBA), Steppe LBA (Steppe_LBA),
Western Steppe EMBA (WS_EMBA), Western Steppe MLBA (WS_MLBA), Steppe MLBA with additional affinity to BMAC (ST_MLBA_oBMAC),
and Steppe MLBA with additional affinity to West Siberian Hunter Gatherer (ST_MLBA_oWSHG). The individuals are grouped similar to
Narasimhan et al. (2019).
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component probably originating from the ancestors of the
LBA Steppe pastoralists. Some archaeologists suggest a wider
spread for the Yuezhi people and their origins around the
northern region of the Tianshan Mountain Region in present-
day Northern Xinjiang (Liu 2001), so it may be possible that
the Yuezhi people were also derived from the ancestors of
Steppe LBA populations with some East Asian ancestry, but
additional sampling is needed within this region to fully ex-
plore the Yuezhi-related migration and settlement in Bactrian
region. Although Kushan period coins were not found in the
archaeological record, making it difficult to determine
whether this population was directly related to the Kushan
Empire that controlled the region during this time period. In a
two-way admixture model, Uz_IA can be modeled as a mix-
ture of a Copper Age population (Seh_Gabbi_Iran_Calc) and
a Steppe MLBA-related (Georgievsky2_LBA,
Priobrazhenka_LBA, and Zevakinskiy_MLBA) ancestry as
well as a Ksirov_H_Kushan-related ancestry (supplementary
table S4, Supplementary Material online). Finally, using the
three proximal sources, many working admixture models
reflected a general admixture of Steppe MLBA/LBA-,
BMAC-, and Iranian_Chalcolithic-related ancestry. Similar ad-
mixture models were also attained for the previously pub-
lished Kushan individuals (Narasimhan et al. 2019).

In Central Asia, Steppe-related ancestry arrived in the
BMAC region by �4100 BP (de Barros Damgaard,
Martiniano, et al. 2018; Narasimhan et al. 2019) and an in-
creased Steppe-related ancestry in Uz_IA populations com-
pared with those dating to the BA supports an increase of
contact and admixture with groups from the northern and
eastern Steppe of Central Asia. This increase in Steppe-related
ancestry in Uz_IA is also observed in other nomadic groups of
the Central Steppe such as the Scythians and Sakas and even
in the Xiongnu, which were widely present in the Eastern
Steppe (de Barros Damgaard, Marchi, et al. 2018). Presence
of BMAC-related ancestries further indicate an interaction of
Saka- and BMAC-related people which suggests that this
mixed ancestry is not only present in Uzbekistan but also
in large parts of the Central Steppe region (de Barros
Damgaard, Marchi, et al. 2018; Narasimhan et al. 2019).
Thus, Uz_IA populations in South Uzbekistan are derived
from an LBA Steppe pastoralist population that admixed
with a local IA population after the BMAC period. This an-
cestry was also quite prominent in the late IA Steppe region
indicating a high degree of interaction and movement of
people in this region.

Genetic Continuity of Bronze Age Ancestry in Iron
Age Uzbekistan with Low East and South Asian
Connection
Compared with the Bronze Age, Iron Age Central Asia shows
increased migrations and cultural exchanges supplemented
by technological advances (de Barros Damgaard, Marchi, et al.
2018; de Barros Damgaard, Martiniano, et al. 2018;
Narasimhan et al. 2019). Despite major migrations of
Steppe-related people into this region, two major compo-
nents of BA populations, Anatolian and Iranian farmer-
related ancestries, still form the majority of Uz_IA ancestry
(�64–70%) in ADMIXTURE and qpAdm analyses (fig. 1C and
table1). The two MLBA populations from Uzbekistan
(Kashkarchi_BA, Kokcha_BA) and other Steppe_MLBA pop-
ulations share a closer relationship with Uz_IA than with the
BMAC and Indus periphery, Gonur2_BA populations, as
shown with f4-statistics analysis (supplementary table S3,
Supplementary Material online). These MLBA populations
have significantly higher Steppe-related ancestry, suggesting
a greater interaction with Steppe groups from the Central
Steppe region of Kazakhstan in the MLBA period. Thus, a
probable genetic connection from the north of Uzbekistan
(e.g., Kazakhstan) is evident, bringing Steppe-related ancestry
down into this region. Overall, similar core genetic profiles
within Uzbekistan from the BA to the IA suggest continua-
tion of BA ancestry into the IA with no mass replacement,
although with an increased influx of Steppe-related ancestry,
likely from the north of Uzbekistan, possibly using the Inner
Asian Mountain Corridor route.

The ADMIXTURE and qpAdm analyses of UZ_IA suggest
two major ancestral components related to Iranian and
Anatolian farmers (fig. 1C and table 1). These two compo-
nents also show significantly positive f4-statistics (f4(Rabat/
Serkharkat, X; Anatolia/Iran_N, Mbuti)) compared with the
BMAC populations (supplementary fig. S10, Supplementary
Material online). Among these two ancestries, we observe a
relatively higher Anatolian farmer-related ancestry (�30–
34%) in Uz_IA individuals than that found in Neolithic and
BA populations in Turan (Bustan_EN: �9% and BMAC:
�26%), and a lower amount of Iranian farmer-related ances-
try in Uz_IA (�31–39%) than found in Bustan_EN:�73–85%
and BMAC �59% populations (Narasimhan et al. 2019). In
proximal qpAdm modeling, we also observed that the two-
and three-source models always required an Anatolian
farmer-related ancestry source (e.g., Hajji_Firuz_C: �53%),
suggesting an increase in Anatolian farmer-related ancestry

Table 1. Feasible Five-Way qpAdm Distal Models for Rabat and Serkharakat as Target Population.

Uz_IA Tail Source1 Prop1 Source2 Prop2 Source3 Prop3 Source4 Prop4 Source5 Prop5

Rabat 0.304 Iron_Gates_HG 0.073 Ganj_Dareh_N 0.39 Anatolia_N 0.323 West_Siberia_N 0.167 Han 0.047
Rabat 0.255 Iron_Gates_HG 0.071 Ganj_Dareh_N 0.361 Anatolia_N 0.336 West_Siberia_N 0.162 Shamanka_EN 0.07
Serkharakat 0.135 Karelia 0.252 Ganj_Dareh_N 0.376 Anatolia_N 0.32 Shamanka_EN 0.052
Serkharakat 0.119 Iron_Gates_HG 0.121 Ganj_Dareh_N 0.306 Anatolia_N 0.331 West_Siberia_N 0.157 Onge 0.084
Serkharakat 0.330 Iron_Gates_HG 0.118 Ganj_Dareh_N 0.376 Anatolia_N 0.301 West_Siberia_N 0.151 Shamanka_EN 0.054

NOTE.—The distal models were run for one to five sources, feasible models worked only with four and five sources with a cut-off of P> 0.05 and pnest< 0.05 where P value (Tail
> 0.5) suggests the admixture from n-source model where “n” is the number of source populations and P-nest (<0.5) indicates the higher ranking n-source model is significantly
better than the n�1-source model. In this table, Prop is the admixture proportion and Tail is the P value.
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in Uz_IA compared with the BMAC populations (supple-
mentary table S2, Supplementary Material online). In addi-
tion, we find an increase in Iranian farmer-related ancestry
compared with the LBA Steppe populations similar to the
other Kushan period individuals (Narasimhan et al. 2019),
implying later admixtures with the IA populations from
Turan and Iran. This region was traversed extensively by peo-
ple across Inner Asian Mountain Corridor and the diverse
ancestries may also be the result of these movements of
people across Central Asia (Frachetti 2012).

Some of the Central Asian populations also show higher
affinities with East and South Asian populations apart from
the Steppe, Anatolian, and Iranian farmers-related popula-
tions (Narasimhan et al. 2019). In the f4-statistics test, the
Uz _IA populations share more alleles with ancient East
Asian populations than with BMAC populations (supple-
mentary fig. S11, Supplementary Material online). This pat-
tern is also observed in both ADMIXTURE and qpAdm
analyses (fig 1C and table 1), with the contribution of East
Asian-related ancestry �5–7% (table 1). Additionally, the
ADMIXTURE (fig. 1B) and qpAdm models both suggest an
ancestry component derived from South Asian Hunter
Gatherer ancestry (Onge) (table 1 and supplementary table
S4, Supplementary Material online). Between Rabat and
Serkharakat, the distal qpAdm model suggests more South
Asian Hunter Gatherer ancestry in Serkharakat compared
with the Rabat individuals (table 1). In comparison with
BMAC populations which contained �2% ancestry being
derived from Onge, an f4(Rabat/Serk; Gonur2_BA/
Saidu_Sharif_H, Mbuti) statistics test of Uz_IA with other
BA populations shows more shared drift with Onge for the
Serkharakat compared with the Rabat (supplementary fig.
S13, Supplementary Material online). Therefore, we find rela-
tively more East Asian ancestry in Uz_IA compared with the
BMAC populations and relatively similar amounts of South
Asian HG ancestry. Additional sampling across this region
would provide more clarity for South and East Asian genetic
affinities.

Conclusions
In this study, by using the genomic data of 27 Southern
Uzbekistan individuals including 15 unrelated individuals
from the late IA around the Kushan time period, we report
an increase in Steppe-related admixture in the IA compared
with BA populations in the Bactria region. The source of
Steppe-related ancestry was likely identified as LBA Steppe
populations, who admixed with local LBA populations asso-
ciated with the earlier BMAC populations prevalent in this
region. However, the migration and admixture with Steppe-
related sources did not replace the previously present Iranian
and Anatolian farmer-related ancestry; in fact, we find genetic
continuation of BA ancestry with the addition of Steppe-
related ancestry. The Uz_IA population also shows a minor
genetic connection with populations in South and East Asia,
suggesting movement of these ancestries into South
Uzbekistan. In addition, increased Anatolian farmer-related
ancestry compared with the BA points to additional

admixture with local populations having Anatolian farmer
related-ancestry after the decline of the BMAC settlements.
This mixed-genetic ancestry had a widespread presence as it is
also observed in Kushan-related populations and other
Central and Eastern Steppe populations. Future genomic
studies in Central Asia will provide more insights into the
Iron Age genetic and cultural diversity of this region.

Materials and Methods

Ancient DNA Extraction, Sequencing, and Data
Processing
We collected 27 bone remains from three sites in Uzbekistan
(supplementary text, Supplementary Material online and fig.
1A).

The detailed archaeological information for all the individ-
uals is provided in the supplementary material,
Supplementary Material online. All new samples in this study
were provided by the coauthors with full permission from the
relevant archaeological institutes or universities and approval
for genomic study by the review board of the Institute of
Vertebrate Paleontology and Paleoanthropology (Review
No. 202101240007). DNA was extracted (Dabney et al.
2013) from bone powder from these remains, and double-
stranded libraries were prepared according to published pro-
tocols in clean rooms dedicated to ancient DNA preparation
(Meyer et al. 2012; Gansauge and Meyer 2013). Mitochondrial
sequences were captured using human mitochondrial oligo-
nucleotide probes (Fu et al. 2013) and nuclear DNA was
captured using the 1.2 million SNP panel (Fu et al. 2015).
Enriched mitochondrial DNA libraries were sequenced on
an Illumina Miseq with 2 � 76 base paired-end reads, and
the enriched nuclear DNA libraries were sequenced using the
Illumina Hiseq4000 generating 2� 76 base paired-end reads.

All reads were trimmed of adapter sequences and paired-
end reads with a minimum overlap of 11 bp were merged
using leeHom (https://github.com/grenaud/leeHom, last
accessed June 2020) (Renaud et al. 2014). Merged reads
with a minimum length of 30 bp were then mapped to the
published human mitochondrial sequence (Andrews et al.
1999) and the hg19 human reference genome using BWA
(-aln -n 0.01 and -l 16500). Duplicate reads and those with
a mapping quality less than 30 were discarded. Haplogroups
for mitochondrial genomes were determined using the
Haplogrep2 (Weissensteiner et al. 2016). All nuclear data
were genotyped by randomly sampling one read covering
each position.

Test for Contamination
The modern DNA contamination rate for each individual
sample was estimated using ContamMix (Fu et al. 2016) by
aligning mtDNA fragments to the consensus mitochondrial
genome and 311 present-day world-wide mtDNA sequences.
We ignored the first and last five nucleotides from each frag-
ment, and if >3% of mtDNA fragments matched any of the
sampled present-day individuals compared with the consen-
sus sequence, that library was treated as contaminated. All
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mtDNA from the individuals analysed had a limited amount
of contamination ranging from 0% to 2.7%.

Test for Kinship
The program Relationship Estimation from Ancient DNA
(READ) is used to detect the Kinship relationships between
UZ_IA individuals (Kuhn et al. 2018). To reliably calculate the
kinship relationships, we selected individuals having >20k
SNPs and merged with the present-day Human populations
also used for PCA (supplementary fig. S3, Supplementary
Material online) and pruned the data (–maf 0.05 –indep-
pairwise 200 25 0.5) in PLINK to use only the SNPs which
are independent of each other (Purcell et al. 2007). From each
kinship group, we selected the individual with the higher
number of SNPs for subsequent genetic analyses (e.g., f3, f4-
statistics and qpAdm). In total, we discarded three individual
samples due to kin relationships L8005, L8619, and L8629
(supplementary table S2, Supplementary Material online).

Mitochondrial and Y-Haplogroup Assignment
All the mtDNA haplogroups of Uz_IA were assigned using the
Haplogrep 2 (https://haplogrep.i-med.ac.at, last accessed June,
2020) (Weissensteiner et al. 2016). For a comparative mito-
chondrial analysis with ancient and present-day human pop-
ulations, we used the published data presented in Irwin et al.
(2010) and Wang et al. (2021). The mitochondrial genomes
were aligned using MAFFT (Katoh et al. 2002) and Fst-distance
was determined by Arlequin (Excoffier and Lischer 2010). The
male individuals were assigned to different Y-chromosomal
haplogroups using the phylogenetic tree in the ISOGG data-
base version 10.01 (http://www.isogg.org/tree) with the crite-
ria of using the most derived allele upstream and most
ancestral allele downstream of the phylogenetic tree. When
substitutions suggestive of ancient DNA damage (C!T or
G!A) (Briggs and Heyn 2012) occurred upstream of the
most derived SNP, at least two derived SNPs were required
for Y-chromosome haplogroup assignment.

PCA and ADMIXTURE
The PCA was carried out using the smartpca program of the
EIGENSOFT package (Patterson et al. 2006) with default
options and the additional options of lsqproject: YES. We
used published ancient populations from Eurasia (Olalde et
al. 2014; Raghavan et al. 2014; Skoglund et al. 2014; Allentoft et
al. 2015; Haak et al. 2015; Jones et al. 2015; Mathieson et al.
2015; Fu et al. 2016; Jeong et al. 2016; Lazaridis et al. 2016; Yang
et al. 2017; de Barros Damgaard, Marchi, et al. 2018; de Barros
Damgaard, Martiniano, et al. 2018; Mathieson et al. 2018;
Narasimhan et al. 2019; Ning et al. 2019) and present-day
populations including Human Origins data set for the
1240k panel downloaded from https://reich.hms.harvard.
edu/, last accessed June 2020 (Patterson et al. 2012;
Lazaridis et al. 2014; Raghavan et al. 2014; Lazaridis et al.
2016; Mallick et al. 2016; Zhang et al. 2017; de Barros
Damgaard, Martiniano, et al. 2018) and merged our Uz_IA
individuals. In total, we used 67 recent populations (supple-
mentary fig. S3, Supplementary Material online) and 90 an-
cient populations (supplementary fig. S1, Supplementary

Material online) and projected all the ancient individuals
onto the PCA capturing the genetic variation of all the
present-day individuals to carry out the PCA. The
ADMIXTURE analysis was performed after pruning for linkage
disequilibrium using PLINK (v1.3.0) with parameters –maf
0.05 and –indep-pairwise 200 25 0.5 (Alexander et al. 2009).

f3- and f4-Statistics
Outgroup f3-statistics were carried out using the
ADMIXTOOLS (Patterson et al. 2012) program qp3Pop, of
the form f3(Mbuti; X, Y), where the outgroup is the central
African Mbuti and X and Y include the diverse ancient pop-
ulations from Eurasia. In addition, we also calculated the ad-
mixture f3-statistics, f3(Population1, Population2; Uz_IA) < 0
with inbreed: YES parameter for admixture scenario in Uz_IA
population with the preselected populations used in the
qpAdm analyses. We also performed f4-statistics of the
form f4(X, Y; Z, Mbuti), with Mbuti as an outgroup.
Significantly positive f4-statistics suggest that Z shares more
alleles with X than Y, whereas significantly negative f4-statis-
tics suggest that Z shares more alleles with Y than X.

qpAdm Analyses
The qpAdm software implemented in ADMIXTOOLS
(Patterson et al. 2012) was used for admixture modeling in
two stages. In the first stage, distal modeling was done where
we used pre-Copper age populations as potential sources for
the Uz_IA. In the second stage, we used proximal modeling,
where we searched for populations that were temporally and
geographically located close to the target populations. In dis-
tal modeling, we used the following outgroups:

Mbuti, UstIshim, Kostenki14, Karelia, Malta1, GoyetQ116-
1_N, Vestonice16, Villabruna, ElMiron, Natufian_HG,
Tianyuan, Ganj_Dareh_N, Anatolia N, West Siberia N, Onge,
Han, Shamanka_EN, Iron_Gates_HG.

The populations shown in the italics were used as a po-
tential sources for the Uz_IA populations using a similar strat-
egy to that used in Narasimhan et al. (2019). In proximal
modeling, we searched for the more recent populations (after
the BA) by fixing the Right populations. The outgroups used
include:

Mbuti, UstIshim, Kostenki14, Karelia, Malta1, GoyetQ116-
1_N, Vestonice16, Villabruna, ElMiron, Natufian_HG,
Ganj_Dareh_N, Anatolia_N, West_Siberia_N, Onge,
Tianyuan, Shamanka_EN, Iron_Gates_HG, Han. The list of
source populations used for proximal modeling is given in
supplementary table S5, Supplementary Material online. In
both distal and proximal modeling, we selected models with
P> 0.05 and pnest< 0.05 for the tested sources.

Supplementary Material
Supplementary data are available at Molecular Biology and
Evolution online.
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