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Abstract

The mitochondrial haplotype U5al was identified from an Eneolithic grave associated with the
Afanasievo archaeological culture in Bayankhongor Province, Erdenetsogt Township, at the site of Shatar
Chuluu. This is the earliest appearance of a mtDNA haplotype associated with modern European
populations on the Mongol Steppe. This evidence demonstrations that people with “western” mtDNA
lived on the Mongol Steppe east of the Altai Mountains before the Bronze Age and refutes the notion that
the Altai Mountains were a substantial barrier to gene flow and definitively expands the acknowledged
range of the Afanasievo archaeological culture.
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Introduction

It has been argued that the Altai Mountain range in western Mongolia had been a significant barrier
for culture and gene flow until the late Bronze Period in the middle of the first millennium BCE
(Pullyblank 2000; Keyser-Tracqui et al 2003; Ricaut et al 2004; Gonzélez-Ruiz et al 2012). New evidence
suggests that “western” people were inhabiting the eastern Eurasian steppe of central Mongolia as early as
the Eneolithic period (circa late 4n millennium BCE). This study sequenced the first hypervariable (HV1)
region of the mitochondrial DNA (mtDNA) of three individuals from Bayankhongor Province, Mongolia.
Mitochondrial DNA is inherited solely through the mother, and so is used to trace matrilines, and is
commonly used for comparative population studies (Pakendorf & Stoneking 2005; Relethford 2012).
Bayankhongor Province is in west central Mongolia and includes the southern edge of the Khangai
Mountain range, substantial portions of the Gobi desert-steppe, as well as the eastern edge of the Altai
mountain range. Erdenetsogt Township is located near the northeast border of Bayankhongor Province
along the Tui River, near to where it meets Ovérkhangai and Arkhangai provinces (Map 1). According to
the skeletal archive catalog at the National University of Mongolia, the Shatar Chuluu site (also known as
Shatar Uul), was first excavated in 1971 by archaeologists Navaan and Volkov, revealing several
Neolithic, Eneolithic and Bronze Age burials (Volkov 1995). The burial mound, from which the present
sample was recovered, is associated with the Eneolithic Afanasievo archaeological culture (circa. 3100-
2500 BCE) based on its stone surface construction, the arrangement of the human burial, and diagnostic
decorated ceramics (Novgorodova 1989; Polyakov et al 2017; Poliakov et al 2018). The Afanasievo
archaeological culture was first identified in southern Siberia in the Minusinsk Basin and northern Altai
mountain range and can be found throughout the Mongolian Altai (Gryaznov 1969, Kovalev &
Erdenebaatar 2009). Shatar Chuluu is located along the border of forest-steppe and mountain biomes, and
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the people associated with the burial were possibly early pastoralists with limited seasonal mobility,
similar to Afanasievo communities of the west. However, it is important to note that although Afanasievo
style ceramics and burial types were identified at Shatar Chuluu, no faunal materials or other evidence for
lifeways in this region have been reported (Novgorodova 1989:81-86).

The mtDNA haplogroups: A, B, C, D, F, G, M, Y and Z, are generally considered “castern” Eurasian,
and are currently found in high frequencies in the populations of East Asia, Central Asia and Siberia;
mtDNA haplogroups: H, HV, I, J, K, N, R, T, U, V, W and X, are commonly considered to be “western”
Eurasian, as they are currently found in highest frequency in the populations throughout Europe and
southwest Asia (Derenko et al 2007; Keyser-Tracqui 2006; Derbeneva 2009; Schurr & Pipes 2011,
Gonzalez-Ruiz et al 2012; Zhao et al 2015; Gubina et al 2016). The modern population of the Mongol
Steppe has physical features predominantly associated the eastern Eurasian populations and according to
previous studies a mtDNA gene pool composed of 86.4% “eastern” Eurasian mtDNA haplotypes
(Kolman et al 1996; Yao et al 2004; Derenko et al 2007).

Prior to the Eneolithic period, archaeologists are still piecing together an understanding of the diverse
lifeways of populations inhabiting Mongolia during the Late Neolithic from circa 4000-3000 BCE. Itis
still the case that not a great deal is known about these earlier groups except that most Neolithic artifacts
and site locations suggest a predominantly forager culture with emphasis on broad spectrum subsistence
in resource rich wetlands and nearby lowland environments (Ginchinsuren & Bazargir 2009; Janz et al
2017). Wild ungulates of many sorts roamed the region and, although there is currently only indirect
evidence, domesticated bovids (cattle, sheep and goats) were most likely introduced to the region during
the Eneolithic and Early Bronze Age periods (Honeychurch 2017; Matuzeviciute et al 2016). The initial
presence of herd animals on the eastern steppe contributed to the hunter-herder subsistence systems as
foraging communities gradually obtained both domestic animals and knowledge of their upkeep (Janz et
al 2017; Honeychurch 2017; Frachetti 2012). Habitation sites from the Eneolithic are invariably found
beside rivers, oases or ancient river beds (Vybornov 2011). The Afanasievo archaeological culture has
been genetically and culturally linked with the late Eneolithic and Early Bronze Age Yamnaya
archaeological culture (ca. 3300-2500 BCE) located on the Pontic-Caspian Steppe as far east as the Ural
River (Hollard et al 2018; Allentoft et al 2015). A long-standing explanation for the arrival of domestic
herd animals and new material culture and burial forms in the Altai mountains at circa 3100 BC has
argued for migrations of Yamnaya groups between the Urals and the Altai, a distance of more than 2000
km (Anthony 2007). Due to a series of complications in radiocarbon chronology and rather sparse
evidence for Yamnaya groups between the two mountain ranges, the migration model has been critiqued
and challenged (Frachetti 2012; Poliakov et al 2018). The present study provides yet another opportunity
to evaluate this migration-based hypothesis for Yamnaya-Afanasievo connections.

This sample has provided the earliest ancient DNA evidence from the Mongol steppe region.
Currently, no Eneolithic period or earlier human DNA testing of samples from the Mongol Steppe could
be located for comparison; although Gonzalez-Ruiz’s team has sequenced three samples from the
Mongolian Altai Mountains, all of these samples have mtDNA haplotypes that belong to the “eastern”
haplogroup D (2012). The data from the present study establish a new ante quem date for the presence of
people carrying “western” mtDNA haplogroups onto the Mongol Steppe, east of the Altai Mountain
range.

Materials and Contexts
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This study consists of three samples that were labeled as “Neolithic in the National University of
Mongolia (NUM) archives (AT26 occipital fragment; AT27 left metacarpal 3; AT30 rib). These samples
were graciously provided by Professor Tumen Dashtseveg, with permission from the Mongolian
government. Despite the labeling, these samples were considered to be the only Pre-Bronze samples in
the NUM human skeletal archives from the central Mongol Steppe. All three samples were found in the
province of Bayankhongor and, based on the interpretation of excavators, were thought to be associated
with the Afanasievo archaeological culture (Volkov 1995). Two of the samples were from Erdenetsogt
Township, from a site identified as Shatar Chuluu, excavated in 1971 (Grave 2:AT26 and Grave 5:AT27).
The third sample (AT30) was from Galuut Township with no mention of a specific site name.

For reasons made clear below, we provide a brief overview of the archaeological contexts at Shatar
Chuluu but not for the Galuut site. Shatar Chuluu is an archaeological complex located at 2000 masl atop
a high river terrace on the east bank of the Tui River (Tuin Gol). The site comprises monuments and
burials from the Bronze Age, the Early Iron Age, and the period of the Turkic Empires and so has been a
place of ritual activity for the past 3500 years at least. Afanasievo style burials with diagnostic decorated
pottery were discovered along the terrace edge and excavated by the 1971 Mongol-Russian
Archaeological Project (Volkov 1980). A total of three burials arranged north to south were identified
based on their large circular surface features made with stone fill and ranging in diameter from 6.5 to 10
m and between 0.4 and 0.7 m in height. As these surface features were cleared, archaeologist recovered
pottery fragments having a coarse brown fabric and decorated with multiple incised chevrons (Figure 1).
These decorations as well as the shape and size of the original ceramic jars were immediately recognized
as diagnostic Afansievo forms similar to those know from the Altai, Minusinsk, and Tuva regions of
South Siberia (Volkov 1980). Beneath each of these stone features excavators exposed individual burial
pits ranging from 0.7 to 1.7 m in depth and each containing a single human skeleton oriented either to the
east or west and interred in a supine position with legs bent to one side (Figure 1). In each case, the
skeletons retained traces of ocher coloring that had been originally applied during the burial ceremony,
another trait associated with Afanasievo burial practices. However, the Shatar Chuluu burials also have
notable differences from other Afanasievo burial grounds including a lack of additional burial furnishings
besides ceramics and no inclusion of animal offerings. These similarities and differences in burial
practice have led the most recent expert study of Shatar Chuluu to conclude that the site represents a
variant of Afanasievo traditions most similar to those known from Tuva (Tsybiktarov 2002:117).

Of these three contexts from which skeletal material was obtained, two from Shatar Chuluu and one
from Galuut, relatively little archaeological information is available. This is due both to the rarity of the
small number of publications describing these sites, as well as to the general lack of laboratory facilities
and analytical capacity during the 1970s. Returning to these curated materials in storage at the National
University of Mongolia and the Institute of Archaeology provides promising opportunities for modern
analyses to finally produce the kinds of information needed to understand these early burial sites. The
genetic and chronological results we provide here brings us one step closer to that goal. Samples from the
Shatar Chuluu and Galuut burials were extracted and sequenced using Sanger PCR methods (Sanger et al.
1977). Material from the samples that were succesfully haplotyped was sent to the Center for Applied
Isotope Studies at the University of Georgia for radiocarbon dating.

Laboratory Protocols

CONTAMINATION CONTROL
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Contamination with exogenous DNA is a serious issue to consider when working with ancient
samples and thorough measures must be taken to reduce the probability of contamination as much as
possible and to detect contamination should it occur (Kaestle and Horsburgh 2002; Paabo et al 2004;
Gilbert et al 2005; Kemp et al 2007). Samples used in this study were processed in the dedicated limited
access aDNA laboratory of Dr. Frederika Kaestle at Indiana University, Bloomington (IUB). Established
protocols for reducing contamination were strictly followed and all PCR amplification and post-PCR
analyses occurred in a laboratory in a different building (Tamariz et al 2006; Ballantyne et al 2015).
Negative (no sample) controls were processed in parallel during each DNA extraction with each set of
samples extracted, and all Polymerase Chain Reactions (PCR) also included two negative (no sample)
controls for every set, in addition to the extraction control, to detect any contamination that may have
occurred in the laboratory. Results for samples were confirmed with a minimum of two identical
sequences from three separate extractions. To guarantee removal of previously amplified products that
could result in carry-over contamination, a dNTP mix containing uracil instead of thymine was used in all
PCR amplifications, and each amplification was pre-digested with AmpErase™ Uracil N-glycosylase
(Thermo Fisher Scientific) (Longo et al 1990). The only researcher after selection from the skeletal
archives that handled the samples and was present in the aDNA laboratory during extractions and
amplifications tested into the Z mtDNA haplogroup, and thus could not have been a source of
contamination.

ANCIENT DNA EXTRACTION

DNA extraction from the ancient skeletal samples was conducted in Dr. Kaestle’s aDNA laboratory
located in the Institute for Molecular Biology at Indiana University, Bloomington, with established
protocols using the Thermo Fisher Scientific Geneclean® for ancient DNA™ kit (Kemp & Smith 2005;
Raff et al 2006; Kemp et al 2007; Raff 2010; Ballantyne et al 2015). The protocol used 0.4-0.5mg of a
sample for each extraction (0.2-0.4mg were used in secondary and tertiary extractions when sample
amounts were limited). One negative (no sample) control was added for every sample set. After protein
digestion in the ProK solution, the 15ml tubes were centrifuged for 10 minutes at 14000 rpm and the
supernatant was transferred to a new 15ml tube. Any remaining samples were then stored at -80° C. Three
hundred pl of glass milk (silica) solution from the Geneclean® for ancient DNA™ kit and 800yl of 5M
Guanidine Thiocyanate (GITC) solution was added to the supernatant, which was then rocked at room
temperature for a minimum of 30 minutes to bind the DNA in solution to the glass milk. From here, the
15ml tube was centrifuged for 10 minutes at 14000 rpm to collect the glass milk at the bottom, and the
supernatant was discarded. From this point resuspension and purification was done according to the
protocols from the Geneclean® for ancient DNA™ kit. Each sample was extracted three separate times
with several month periods between extractions to confirm results. No negative controls from the
extraction groups showed subsequent amplification.

ANCIENT DNA AMPLIFICATION

Sanger Polymerase Chain Reaction (PCR) amplification of the extracts was conducted using three
sets of primers covering most of the HV1 region of the mitochondrial DNA (see Table 1 for primers and
amplicon). Presumably due to excellent preservation conditions in Mongolia (cold, dry and saline),
extractions were consistently amplified, and thus it was possible to compile high-quality sequences
spanning np16038-16356 from the mtDNA of the samples. Amplification was performed with PCRx
Enhancer (Thermo Fisher Scientific), 10x Invitrogen PCR Buffer (Thermo Fisher Scientific), Invitrogen
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25 mM MgCI2 (Thermo Fisher Scientific), 20 mg/ml Bovine Serum Albumin (BSA) (Thermo Fisher
Scientific), 10 mM dNTPs, 20 uM primers, Invitrogen hot-start Platinum® Taq (Thermo Fisher
Scientific), Applied Biosystems AmpErase™ Uracil N-glycosylase (Thermo Fisher Scientific) and
nuclease-free H20. Each PCR was performed with 3ul of extracted sample as template in a 25 pl volume,
0.2ml thin-walled tube. At least one negative (no extract) amplification control was included with every
six sample extractions, including the extraction negative control. After PCR set-up the sample tubes were
sealed and transferred from the aDNA laboratory to the modern DNA laboratory for the amplification
reaction in either an MJ Research PTC-200 thermal cycler or a Bio-Rad C1000 thermal cycler. For each
sample 13.13ul DNA free H20, 2.5ul PCR Enhancer, 2.5ul 10x PCR Buffer, 1.5ul MgCL2, 0.4ul dNTPs,
0.52ul BSA, 0.4ul of each primer, 0.4ul PlatinumTagq, 0.25ul AmpErase™ Uracil N-glycosylase and 3l
of extracted aDNA template were added for a 25l reaction volume per 0.2ml tube. The following cycling
parameters were used for amplification reactions: initial soak at 95° C for 2 minutes: followed by 40
cycles of: denature at 94° C for 30 seconds: anneal at 50° C (for np16038-16213) or 57° C (for np16209-
16356) for 30 seconds: extend at 72° C for 30 seconds: followed by a final extension at 72° C for 5
minutes. This was followed by a hold at 4° C until sample was moved to a -20° C freezer to await gel
electrophoresis. Amplification success was assessed through ultraviolet visualization after agarose gel
electrophoresis with ethidium bromide stain before sequencing.

SEQUENCING

Following electrophoretic detection of amplification, each fragment was sequenced in both directions
using ABI Big Dye v3.1 chemistry (Thermo Fisher Scientific) on an Applied Biosystems 3730 automated
sequencing system at the Indiana Molecular Biology Institute. Amplicons were purified using the
manufacturer’s protocol for the QIAquick PCR Purification Kit™ (Qiagen), then sequenced using the
manufacturer’s protocol for ABI Big Dye v3.1. Each extraction, amplification, and sequencing reaction
was repeated at least twice following at least a month’s interval, so that different batches of reagents were
used. Resulting electropherograms were assessed using Geneious 6.1.8 software (Biomatters Limited) and
aligned against the revised Cambridge Reference Sequence (rCRS) (Anderson et al 1981, Andrews et al
1999, Genbank Accession Number NC_012920). A consensus sequence was generated from at least two
identical sequences from three extractions per individual using Geneious 6.1.8. SNP differences between
the consensus sequences and the rCRS were used to determine mtDNA haplogroup and haplotype.
Confirmed sequences were submitted to Genbank (Accession Number NC_XXXXXX) (Benson et al
2013). Mitochondrial DNA haplogroup assignments were determined through the HaploGrep2 algorithm
(Kloss-Brandstatter et al 2011; Weissensteiner et al 2016) based on PhyloTreel7, and back traced for
accuracy (van Oven 2015).

Results

Sequence from the two individuals excavated at the Shatar Chuluu site (AT26 and AT27) from
Erdenetsogt Township revealed diagnostic polymorphisms that allowed mtDNA haplogroup
determination. These were confirmed through three separate extractions for each sample and at least two
separate amplifications of each extraction conducted over a period of three years. The third sample
(AT30), from Galuut Township, sequenced successfully, but the polymorphisms it exhibited in the HV1
region were too basal for haplogroup assignment and further diagnostics failed to produce reproducible
results. Samples from the Shatar Chuluu site provided confirmed haplotypes for the sequencing of
np16058-16356 (discounting 16192-16209 of primer overlap) of HV1 of the mtDNA. The sequence of
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the individual from Grave 2 (AT26) of Shatar Chuluu matched rCRS (H2a2a haplotype) and the sequence
of the individual from Grave 5 (AT27) showed polymorphisms at np 16256, 16270 and 16278, and thus
was assigned to the U5al haplotype. Human bone material from the samples AT26 and AT27 were sent
to Dr. Alexander Cherkinsky at the Center for Applied Isotope Studies, the University of Georgia, for
radiocarbon dating. Sample AT27 produced a calibrated radiocarbon date of 3090-3054 and 3031-2920
BCE, 95.4% probability (4390 +/-20 BP, UGAMS-35431) (Figure 2). However, after radiocarbon
dating, AT26 proved to have been from the early Iron Age period (346-206 BCE, 95.4% probability, 2230
+/-20 BP UGAMS-38794), possibly an intrusive burial and clearly not related to the Afanasievo
Eneolithic time frame.

Discussion

Identifying the AT27 individual from the Mongol Steppe with an U5al haplotype places the arrival of
“western” matrilines no later than the Eneolithic. Both the genetic results and dating can be considered in
accordance with the current hypothesis of a migration into eastern Eurasian regions by people associated
with the Yamnaya archaeological culture (ca. 3300-2500 BCE). Although the Shatar Chuluu site so far
provides no additional evidence about subsistence practices, the Yamnaya-Afanasievo relationship is
presumed to mark the diffusion of cattle, sheep and goat pastoralism into East Asia via the Altai
mountains (Gryaznov 1969; Anthony 2007; Svyatko et al 2013; Polyakov et al 2017; Hollard et al 2018;
however cf. Frachetti 2012). It has been suggested that the U5 haplogroup developed in southeastern
Europe as it has been found to be the most common clade (64%) of the U haplogroup in Mesolithic and
Neolithic Europe (Malyarchuk 2004; Malyarchuk et al 2005; Haak et al 2005, 2010; Lee et al 2012; Juras
et al 2018). According to a study by Malyarchuk et al (2010), the U5al haplogroup has a coalescence date
of 16,200 ybp, shortly after the last glacial maximum. The U5 haplogroup has been found in the
populations of the central European Neolithic Linearbandkeramik (LBK) archaeological culture (ca.
5700-4800 BCE) from central Europe, and in the Eneolithic-Early Bronze Age Yamnaya (Pit Grave)
archaeological culture (ca. 3300-2500 BCE), which has been connected with the Afanasievo
archaeological culture (ca. 3100-2500 BCE) of the Minusinsk Basin and Altai Mountains (Mallory 1989;
Dolukhanov et al 2005; Anthony 2007; Bentley et al 2012; Brown 2014; Allentoft et al 2015; Fowler et al
2015; Gomart et al 2015; Haak et al 2015; Nikitin et al 2017; Hollard et al 2018). The U5 haplogroup is
often considered to be a genetic component of a European hunter-gatherer population and is occasionally
referenced as a companion haplogroup to the Y-Chromosomal R1a haplogroup, the diffusion of which
has often been attributed to the Scythians, the people recorded by Herodotus’ The Histories in the fifth
century BCE of the Pontic Steppe region (De Sélincourt 2003; Juras et al 2017). U5al has been
previously identified in individuals from the Afanasievo archaeological culture in the Altai Mountains,
the Yamnaya archaeological culture in the Ukraine, as well as the later Pazyryk archaeological culture of
the 4w and 3rd centuries BCE also found in the Altai region associated by some archaeologists with
Scythian groups (Rudenko 1970; Pilipenko et al 2010; Juras et al 2018), and has also been seen in the
Neolithic period Transbaikalia (Molodin et al 2012). Modern Eurasian populations outside of Europe with
a relatively high frequency of U5 include the populations of the southern Siberian Tubalar and Yeniseian
Ket (Sukernik et al 2012), the Khakassian of southern Siberia, Tuvans and Kazakhs, and some among the
Shorians another small population also found in southern Siberia (Gubina et al 2013). The U5 haplotype
is also found in most Central Asian populations (Comas et al 2004; Kivisild et al 1999). U haplogroups
are very rare in East Asian populations today.
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The discovery of a “western” European mitochondrial lineage on the Mongol Steppe from the
Eneolithic pushes back East-West genetic admixture in the region significantly, and conclusively shows
that “western” genes were on the Mongol Steppe, east of the Altai Mountains, from at least the Eneolithic
period. This refutes the premise that western peoples had not expanded east of the Altai range before the
Iron Age, which, as mentioned above, has been a general supposition among scholars (Pullyblank 2000;
Keyser-Tracqui et al 2003; Ricaut et al 2004; Gonzélez-Ruiz et al 2012; de Barros Damgaard et al 2018).
The discovery of a “western” mtDNA haplotype in an individual from the Eneolithic period on the
Mongol Steppe must now be factored into modeling for post LGM migrations in Eurasia and East Asia.
The mtDNA haplotype U5al and calibrated radiocarbon date result of 3054-2920 BCE are consistent with
what is currently known about the Afanasievo archaeological record and ancient genetics, thus hypotheses
that assume little to no western migration before the Bronze Age east of the Altai Mountains, must be
reconsidered in this light. How porous the Altai Mountains were, whether there had been a “western”
population in the region long before this sample, and the size of the “western” population in the region at
the time of the AT27 individual’s burial at Shatar Chuluu, cannot be determined given current data.
However, the presence of a considerable “western” genetic population in the Khangai mountain range
during the Eneolithic period likely contributed to the number and frequency of burials postdating this site
with individuals carrying “western” mtDNA haplotypes (Rogers 2016). The dating and the mtDNA
haplogroup of the AT27 sample are congruous with previous Afanasievo archaeological culture sites and
associated human remains (Kovalev & Erdenebaatar 2009; Svyatko et al 2009; Allentoft et al 2015),
which suggests that the range of the Afanasievo archaeological culture should be extended to include the
southern Khangai Mountains of central Mongolia.

This result supports the initial 1971 assessment by Mongolian and Russian archaeologists as to the
cultural designation of at least one of the excavated contexts at Shatar Chuluu. Based on this, we would
agree with Volkov's (1995) argument that indeed the Afanasievo archaeological culture extended as far as
some parts of west central Mongolia. In addition to this discovery by Navaan and Volkov, other
archaeologists have documented similar burials and ceramics in Bayan Olgii provice of western Mongolia
and in Arkhangai province just to the north of the Shatar Chuluu site (Kovalev and Erdenabaatar
2009:152; Novgorodova 1989:81-86). Of these two sites, only the western context has been radiocarbon
dated to circa 2800/2700 BC but neither context has had genetic analysis of human remains although we
expect that the present study will encourage such research to be carried out.

Clearly the greatest weakness of this study is its sample size (N=1); however, this does not invalidate
the positive findings. Clearly many more samples must be sequenced before any reliable estimates can be
made concerning an overall genetic make-up of the Eneolithic population of central Mongolia. Evidence
from additional genetic analysis in the region (Rogers 2016) demonstrates that by the Late Bronze Age
42.3% of the population carried “western” mtDNA haplogroups. This suggests that the “western”
component in the regional population during the Eneolithic was most likely significant. While success
rates in this study were 100% for sequencing the 298bp section tested, the sample size is obviously too
small for significant population comparison studies. Full genome sequencing on samples AT27 and AT30
would provide additional information on the ancestry of these two samples, and additional samples dating
to the Eneolithic period from the Mongol Steppe and Khangai Mountain range would be an important
contribution to the better understanding of the ancient population dynamics in central Mongolia.
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Figure 1. A schematic plan of Burial 3 from Shatar Chuluu and diagnostic pottery from in and around that context
(after Tsybiktarov 2002:116, photo by Chunag Amartuvshin).
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Figure 2. Radiocarbon dating results for skeletal sample AT27.

Primer Name | Primer np Primer Sequence Amplicon Length
16038 forward | 16038-16055 | 5’-AGCAGATTTGGGTACCAC-3’

16213 reverse | 16192-16213 | 5-CTGTACTTGCTTGTAAGCATGG-3’ 175
16190 forward | 16190-16209 | 5’-CCCCATGCTTACAAGCAAGT-3’

16375 reverse | 16356-16375 | 5’-GTCATCCATGGGGACGAGAA-3’ 185
16266 forward | 16266-16288 | 5’-CCCACTAGGATACCAACAAACC-3’

16423 reverse | 16403-16423 | 5>-ATTGATTTCACGGAGGATGG-3’ 157

Table 1. PCR Primers
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Map 1. Study excavation sites with reference to known Afanasievo archaeological culture locations.
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