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ANCIENT HUMAN GENES
OF NORTH-EASTERN EUROPE

P. ONKAMO, K. MAJANDER, S. PELTOLA, E. SALMELA, K. NORDQVIST!

Keywords: archaeogenetics, ancient DNA, archaeology, anthropology, population genetics,
North-Eastern Europe.

The SUGRIGE-project (University of Helsinki) aims at getting a whole genomic picture of the
ancient inhabitants of North-Eastern Europe, a previously un(der)studied region in terms of ancient
DNA (Fig. 1). This is accomplished by sequencing whole genomes from archaeological human re-
mains from the region, representing different time periods and archaeological cultures. In addition,
we incorporate views from linguistic data (Fig. 2) — are the observed genetic changes connected to
simultaneous linguistic shifts, or are the phenomena mainly independent of each other?

For these purposes, we gather samples of ancient human remains from the north-east Euro-
pean region, in collaboration with the Max Planck Institute for the Science of Human History
(Jena, Germany). The genomes are compared in a population genetic framework to other ancient
and modern people throughout the world.

We have very recently published our first results on 11 ancient individuals from a Bronze Age
site of Bolshoy Oleniy Ostrov and Calmn-Varré, a Saami burial site from the 18 century, in the
Kola Peninsula, together with an Iron Age site of Levdnluhta in western Finland (Lamnidis et al.
2018). Another manuscript, focusing on ancient mitochondrial (maternal) lineages in Finland and
with full mtDNA sequences from over 100 individuals, is currently under review. Novel sample
sets from various areas of Russia, like Karelia and Don-Volga (forest) steppes, and ranging from
the Eneolithic until the medieval are being analysed for an ongoing study, the first publication of
which is planned for fall 2019.

DOI: 10.31600/2310-6557-2019-20-25-34
Introduction

Studies of ancient DNA (aDNA) open a direct window into the past human popu-
lations. However, most published aDNA studies have focused on central and southern

!'P. Onkamo — Department of Biology, University of Turku, Turku, Finland; K. Majander, Department
of Archaeogenetics, Max Planck Institute for the Science of Human History, Jena, Germany, and Institute
for Archaeological Sciences, Archaeo- and Palaeogenetics, University of Tiibingen, Tiibingen, Germany;
S. Peltola and E. Salmela — Department of Biosciences, University of Helsinki, Helsinki, Finland;
K. Nordqvist — University of Helsinki, Archaeology, Helsinki, Finland.
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Fig. 1. A map of published ancient DNA studies from Europe. The small dots indicate sites with
one or more published individuals: a — prior to 10 000 BC; b — 10 000-5000 BC; ¢ — 5000-2000
BC; d — 2000-1 BC; e — 1-650 AD; f — 650-1500 AD. The stars indicate the sites (Bolshoy Oleniy
Ostrov, Calmn-Varré, and Levinluhta) included in our published study (Lamnidis et al. 2018).

Map coordinate data extracted from http://umap.openstreetmap.fr/en/map/ancient-human-
dna_41837; map created using QGIS version 2.18 (QGIS Development Team 2016); base map:
Open Street Map

Puc. 1. Kapra ony6nukoBannbIx uccnenosannit gpesHeit JTHK B EBpore. ManeHbkie TOUKM
COOTBETCTBYIOT IAMATHUKAM, /11 KOTOPBIX OIyO/IIKOBAHBI JAHHbIE KAK MYHMMYM I10 OZHOMY
MHAUBUAY: a — panee 10 000 et o H.3.; b — 10 000-5000 nteT f10 H. 3.; ¢ — 5000-2000

JeT O H.9.; d — 2000-1 IT. 10 H.9.; € — 1-650 IT. H. 3.; f — 650-1500 IT. H. 9. 3Be3OYKAMU
oTMedeHbl MaMATHMKY bosbimort Onennit Octpos, YanbMH-Bapps u JleBAHIyXTa, BKIIOUYEHHbIE
B Hallle oITy6/IMKoBaHHOe uccnegoBanne (Lamnidis et al. 2018). KoopanHaTHbIe faHHBIE B3ATHI
¢ caitra http://umap.openstreetmap.fr/en/map/ancient-human-dna_41837; kapta co3mana c
nomorpio QGIS version 2.18 (QGIS Development Team 2016); Tonorpadudeckasi ocHOBa:
Open Street Map

Europe (Fig. 1), with very few samples analysed from North-Eastern Europe. The stud-
ies on central and southern Europe have revealed successive waves of major population
movements during the last 10,000 years. In fact, the modern central European gene pool
can be well-explained by a combination of just two such waves: first the early-farming-
associated genetic population mixing heavily with local hunter-gatherer population (Sko-
glund et al. 2012; Lazaridis et al. 2014; Haak et al. 2015), and then the steppe population
gene flow from the east, in the Early Bronze Age, again replacing a large portion of the
previous two-way mix population (Allentoft et al. 2015; Haak et al. 2015). These genetic
components alone, however, cannot sufficiently explain the modern north-east European
gene pool, including both Russian and Finno-Ugric speakers: additional Asian-related an-
cestry is needed (Lazaridis et al. 2014; Haak et al. 2015) to complete the observed genetic
combination. From the viewpoint of archaeology this is rather obvious: material culture
clearly indicates that several waves of influence from the east have taken place during the
past millennia.
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In the north-east of Europe, the hunter-gatherer population that prevailed from the
end of the Ice Age until the Late Neolithic, has in genetic terms been denoted “eastern
hunter-gatherers” (EHG). Even though only four individuals from two locations (Karelia
and Samara, approximately 8000 years ago) (Haak et al. 2015) have been published as of
now, they are genetically quite alike, and show a genetic continuum all the way from the
Siberian Palaeolithic individual, Ma’lta boy, from 20,000 years ago (Raghavan et al. 2014).

Nevertheless, even as near as in Estonia and Latvia, the Mesolithic population har-
boured a prominent component from another group, so-called “western hunter-gather-
ers” (WHG), who were otherwise constrained to western Europe — the eastern Baltic re-
gion seems to have served as a contact zone for human populations deriving from eastern
and western Ice Age refugia. Much like in central Europe, the appearance of Corded Ware
Culture here coincides with the emergence of a new genetic component, coming from
the steppes (Saag et al. 2017; Mittnik et al. 2018). Some more early farmer-related ancient
European genes were locally introduced in the Bronze Age, but yet, the Siberian kind of
genetic legacy, though observed in low levels in, e.g., modern Estonians, has not been
presented in the studied ancient individuals of this region (Saag et al. 2017; Mittnik et al.
2018). Until the project presented in this paper, basically no studies concerning North-
Western Russia or Finland have been published.

Our project, called SUGRIGE (Fi. Suomalais-ugrilainen muinaisgenomi), focuses
specifically on north-east European region, with its fascinating mosaic of various popu-
lations carrying unique genetic characteristics and historical background. The work is
carried out by a team of geneticists and archaeologists from the Universities of Helsinki
and Turku (Finland), and the Max Planck Institute for the Science of Human History
(Jena, Germany), in collaboration with several archaeological institutes and museums
in Russia.

More information of the project can be found at blogs.helsinki.fi/paleogenetics.

Aims

The overall objective of the project is to elucidate human population genetic prehistory
in north-east Europe, a previously un(der)studied region. This is carried out by DNA
sequencing of bone samples from archaeological human remains from the area. The
methodology is further elaborated in chapter “Materials and methods” below.

The specific aims of the project are following:

1) Characterise genetic population history in north-east Europe through time. To create
an overview of human genetic variation both spatially and temporally, we aim to sequence
a minimum of 3-5 individuals from each site/time period. In general, one individual
yields some hundreds of thousands of markers genome wide, of which each marker is
a realisation of all possible routes of inheritance from ancestors into an individual. Thus,
even one individual has the potential to yield a statistically relevant sample set.

2) Assess possible correlations of genetic events with archaeological and linguistic
transitions in the area; do such exist? Do observed genetic changes coincide with known
cultural or linguistic changes? Does the same geographical area carry various patterns of
genetic make-up and how does the material culture coincide with these findings? For this
aim, we work in close collaboration with archaeologists and linguists.

3) Shed further light on genetic origins and relatedness of Finno-Ugric peoples. A recent
study has shown that all Fenno-Ugric populations do carry a genomic component that is
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most prevalent in the modern-day Khanty and Mansi (Tambets et al. 2018). Can clues to
this relationship be found in ancient individuals of the Volga-Ural region?

4) Assess the genetics of adaptation to climate and environment in North-Eastern
Europe. In the north, this means the duress to adapt to long periods of reduced sunlight,
cold climate, and occasionally enduring a diet limited in variation and nutrients, such
as vitamin C. Globally, a transition in subsistence strategies — from the hunter-gatherer
lifestyle into an agricultural one — has had an effect on metabolic genes such as fatty acid
desaturases (FADS) (Mathieson et al. 2015) and amylases (AMY) (Perry et al. 2007). Thus,
we seek for functional gene variants, which natural selection has acted on, in the ancient
populations of the north.

5) Screen for infectious disease agents in ancient individuals. We utilise routine screening
methodology for more than 100 pathogens, including, for example, the causative agents
for plague, leprosy, and tuberculosis.

6) Evaluate genetic data on sex, relatedness between individuals, and phenotypes.

Materials and methods

Laboratory workflow. The samples selection is dependent on the condition of the
skeletal elements. Typically teeth, and other well preserving parts, such as the inner ear
structure (petrous part) of the skull, are collected for sampling. Prior to sampling, all ma-
terials are carefully decontaminated to minimise the amount of DNA originating from
other sources than the individual under study. Approximately 50 mg of bone powder is
drilled out of the target bone element under sterile conditions and strict safety measures
in a clean room facility. DNA is extracted following standard protocols and turned into
NGS libraries. The libraries are indexed with a unique synthetic oligonucleotide, which
serves as a barcode to trace the sequenced reads back to the individual sample source
and to eliminate any downstream contamination. All libraries are amplified with PCR
technique, and aliquots of the initial amplified product are used for the initial shotgun
sequencing for human and pathogen screening methods and for the possible subse-
quent enrichment methods. Enrichments targeted for mitochondrial, Y-chromosomal,
or for a whole genome scale selection of SNPs (single nucleotide polymorphism) are
possible, as well as specific pathogen enrichments for samples, where infectious agents
are suspected. The DNA 1is sequenced on Illumina technologies, on a HiSeq, NextSeq
or MiSeq platform.

Data analysis. Genome assemblies, as well as phylogenetic comparisons, are carried
out with state-of-the-art bioinformatics methods. A pipeline for aDNA-specific analysis
has been developed and tested. Java-based EAGER pipeline contains multiple tools and
functions, such as merging of the fragmented DNA, aligning the sequenced aDNA to
a reference genome, and mapping for circular genomes (bacterial genomes, mtDNA).
It can also be used to conduct statistical analyses, such as genomic coverage and provide
quality control estimates, such as plotting the damage to verify the age of the samples and
calculating the percentage of endogeneous DNA in the sample.

Population genetic analyses of the data are done by standard methods of population
history inference, such as PCA and Admixture (Alexander et al. 2009). Additionally, as
the nature of aDNA data limits the range of possible analysis methods, we also use tools
specifically designed for ancient DNA, for example, F statistics (Patterson et al. 2012)
and related methods. They are more tolerant to, and can make better use of, the typical



P. ONKAMO, K. MAJANDER, S. PELTOLA, E. SALMELA, K. NORDQVIST 29
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Fig. 2. Project workflow

Puc. 2. [Ipowecc BRITOTHEHNA IPOEKTA

features of the data — such as the pseudohaploid genotypes necessitated by the usually
very low coverage of the sequencing data — than many methods developed for modern
DNA data would be. As reference data in the analyses, we use other ancient as well as
modern populations, including publicly available datasets and those available through our
collaborators.

We will also estimate the individuals’ sexes based on the relative sequencing cover-
age of the sex chromosomes and the rest of the genome (Skoglund et al. 2013), and infer
the individuals’ relatedness by multiple methods (Lipatov et al. 2015; Monroy Kuhn et
al. 2018). Inference of morphological and other phenotypes of the individuals and their
susceptibility to certain genetic diseases will be assessed based on the presence of genetic
variants contributing to said phenotypes and diseases. Of interest is, for example, the pres-
ence and time of appearance of the variants that yield adult lactose tolerance, as it deepens
our understanding of the potential phenotypic adaptation to the introduction of livestock.

Comparison of sex determination methods. Traditional sex estimations based on osteo-
logical analysis of the bones will be made based on internationally approved and stand-
ardised methods (Buikstra, Ubelaker 1994; Brickley, McKinley 2004). Their results will
be compared to the results from molecular sexing, and the comparisons, in turn, used to
determine the skeletal elements most reliable for estimating the biological sex. The genetic
sexes will be further compared to the archaeological gender estimations based on arte-
facts, such as jewellery or weapons found as grave goods. Possible discrepancies will open
new views to gender roles present in the past societies.
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Non-genetic analyses. We also analyse our sample material using a variety of non-ge-
netic methods in order to obtain information about the age of our samples (radiocarbon
dating), as well as their lifetime migration and diet (isotopic analyses) and morphology
and paleopathology (osteological evaluation). Combined to the results of the genetic anal-
yses, these analyses will complement our knowledge of the ancestry, subsistence strategies,
and life histories of our study individuals (Fig. 2).

Research environments and infrastructure. The project is mainly carried out at the De-
partment of Biosciences, University of Helsinki, and the Department of Biology, Universi-
ty of Turku (Finland). However, the main bulk of the laboratory work will be conducted at
the Max Planck Institute for the Science of Human History in Jena, Germany. The aDNA
sequencing for pathogens will be done in a specialised laboratory at the Institute for Evo-
lutionary Medicine, University of Ziirich, Switzerland. The radiocarbon dating and iso-
tope analyses will be carried out in the Laboratory of Chronology, University of Helsinki.
Computational analyses of the ancient data will be done in Jena, Turku, and Helsinki, uti-
lising the local and national computational facilities. For the computation and long-time
storage of data in Finland, CSC (IT Center for Science Ltd.) will provide the resources
needed. Large genomic aDNA datasets will be stored in the IDA research data storage ser-
vice operated by CSC. These facilities provide an excellent support network for both the
molecular and the computational analyses of our project.

First results of the project

In our article “Ancient Fennoscandian genomes reveal origin and spread of Siberian
ancestry in Europe”, published in Nature Communications November 2018 (Lamnidis et
al. 2018), we show a significant gene flow from Siberia into the north Fennoscandian pop-
ulation, starting already 4000 years ago. Approximately 50-60 % of the genomes of indi-
viduals buried in the Bronze Age Bolshoy Oleniy Ostrov cemetery (3500 BP; Fig. 2) derive
from Siberia, from a source that genetically resembles most the modern-day Nganasan
population. This is not contradicted by the archaeological evidence, where certain simi-
larities in ceramics as well as in some other artefact types have been proposed between
Northern Fennoscandia and Northern Siberia, including the Taimyr Peninsula (Carpelan
2003; 2004; Murashkin et al. 2016).

We also found Siberian genomic contribution in individuals from the 1500-year-old
lake burial site of Levanluhta in Southern Ostrobothnia, Finland. These Iron Age people
resemble most closely the current-day Saami. If Saami-like genes and the Saami languages
have occurred together, it is fair to assume that people speaking Saami lived in Finland
much further south than today. Noteworthily, Siberian admixture is still visible in the
present-day Saami, Finns and northern Russians. The evidence points towards several
instances of genetic admixture of Siberian genetic legacy to these populations. Of all Euro-
pean populations, the modern Saami are the most evident representatives of the Siberian
ancestry.

The work of the project is currently ongoing, and new results are to be published in the
near future. For example, a manuscript focusing on ancient mitochondrial (maternal) lin-
eages in Finland and with full mtDNA sequences from over 100 individuals, is currently
under review. Similarly, samples from various areas of Russia, like Karelia and Don-Volga
(forest) steppes, and ranging from the Eneolithic until the medieval are being analysed for
a publication planned for late 2019.
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Impact beyond academia

Our project increases the knowledge of population history in the area of North-
Eastern Europe, which is traditionally of great interest to the general public of the region.
On societal level, additional information on the genetic past also contributes to the better
understanding and acknowledgement of the local population histories. More generally,
acquiring a more comprehensive view of population history can prove pivotal in today’s
world of increasing nationalism, by emphasising the key role of migrations and admixture
in forming the modern nations.

Advantages of aDNA studies

Obviously, aDNA studies are a new potent tool for archaeology. Beyond population-
level questions, they can illuminate factors that are of interest at the level of individuals
and communities. For example, estimating the sex of individuals can be accomplished
from very limited quantities of sample material, and genetic relatedness between indi-
viduals can bring new insights into the gender roles and kinship practices within the re-
spective communities.

We acknowledge that genes, cultures and languages do not always travel hand in hand.
One of our large-scale aims is to compare the existing archaeological record and local
contexts of our samples to their genetic make-up for possible correlations. Where it is
possible to track down the historical development of languages, we will study the genetic
differences between language groups and the possible co-occurrence of genetic turnovers
and language shifts. Ultimately, by combining evidences from several fields of inquiry, our
goal is to contribute to better and more comprehensive understanding of the population
histories of past and present North-Eastern Europe.
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T'EHbI IPEBHEI'O HACEJTEHUA
CEBEPO-BOCTOYHOI1 EBPOIIBI

I1. OHKAMO, K. MAVIAHJIEP, C. IIEJITOJIA, 3. CAJIbMEJIA, K. HOPOKBUCT

KmroueBblie cnoBa: apxeozenemuxka, opesuas JJHK, apxeonozus, aHmpononozus, nonynsyuoH-
nas eenemuxa, Cesepo-Bocmounas Eepona.

[Tpoext SUGRIGE (yHuBepcutet Xe/nbCHKIM) Halle/IeH Ha OTy4YeHNe L[eJIOCTHOTO IIPeiCTaB-
JIeHNs O TeHOMe JipeBHUX oburareneir CeBepo-BocTouHoit EBpomnbl — permona, KOTOpBIl paHee
Ob11 0607 e BHMMaHMeM uccienosareneit apesHert JHK (puc. 1). 3ajada peraercs mocpescTBoM
CEKBEHMPOBaHNA TIO/IHBIX TEHOMOB 13 Y€T0BEYECKMX KOCTEN C apXeOTOTMYeCKIX IIaMATHIKOB pe-
TMOHA, OTHOCAIIMXCA K Pa3HbIM IlepuofiaM 1 KyabTypaM. KpoMe Toro, Mbl yYuTbIBaeM U TMHTBU-
CTUYeCKue JaHHble (PUC.2) U CTPEMVMCS BBIACHUTD, CBA3aHbI /I HAaO/MOaeMble TeHeTIYEeCKIe
M3MEHEHNsI C OGHOBPEMEHHBbIMI TVHTBUCTUYECKYIMY CABUTAMM, VIJIN YK€ ST SIB/ICHVS B OCHOB-
HOM He3aBJCHMBI IPYT OT [Ipyra.

J1s1 OCTM KeHM sl 9TUX LieJiell Mbl B COTPYHMYeCTBe ¢ VIHCTUTYTOM U3ydeHMs CTOPUN Ye-
noBeka O6mectBa Makca [Tnanka (Vena, lepmanus) co6upaem 06pasiipl IpeBHIX Ye/I0BEIECKIX
OCTaHKOB C CEBEPO-BOCTOKA EBpoIIbl. BhIsAB/IEHHbIE T€HOMBI COIIOCTAB/IAITCA B paMKaxX MOIY/IA-
LIMIOHHO-T€HeTNYECKOr0 IIOfIX0[ja C TeHOMAaMM IPYTUX APEBHUX ¥ COBPEMEHHBIX JIIOfIell CO BCEro
Mupa.

CoBceM HeJaBHO MBI OITyO/IMKOBA/IN CBOY TI€PBbIE Pe3y/IbTaThl, KOTOPbIE MOTy4YeHBI 10 KO-
cTaM 11 MHAMBMIOB C AMATHMKA O6pOoH30BOro Beka bompioit Onennit OCTPOB 1 ¢ caaMCKOTO
morunbHuKa XVIII B. YanbMH-Bappa Ha KonbckoM I-0Be, a Takoke ¢ MaMATHIKA JKe/Ie3HOTO BeKa
JleBstunyxta B 3anmagHoit Ounsaauy (Lamnidis et al. 2018). Pykormucs eriie oHOI paboTBI, 110-
CBSIIEHHOI IpeBHIM MUTOXOH/PMAIbHBIM MNHUAM OUHIAHANN U NIPefCTaB/IALIeN ITO/THbIe
nocneposarenbHocT MTITHK 601ee yem cTa MHAMBUIOB, HAXOAUTCS B HACTOsALIee BpeMs Ha pac-
cmoTpennu. HoBble rpymnsl 06pasijoB u3 pasHeix yacteit Poccun, Takux kak Kapenus n Bonro-
JIOHCKOII pernoH, Bapbupylollye BO BpeMeH! OT 9HEO/MUTA IO CPEHEBEKOBDS, SIB/IAIOTCA 00b-
eKTOM aHa/lM3a B HallleM TeKyIleM MCCIe0OBaHNY, TTepBast MyO/IMKaIys pe3yIbTaToB KOTOPOTo
3aIIaHMpOBaHa Ha oceHb 2019 T.
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