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The genetic composition of the medieval populations of Central Europe, Poland in particular, has been poorly in-
vestigated to date. Although a few DNA datasets from Poland have been published recently, no large-scale ancient DNA
study on medieval populations has hitherto been reported. This paper reports the study of mitochondrial DNA (mtDNA)
and presents the first population-level human DNA study from Lesser Poland by establishing mitochondrial DNA pro-
files for 13 samples from the Grodowice cemetery dated to the Medieval Period (11" to mid-13™ century). The medieval
sequences encompass almost the entire range of Western Eurasian macro-haplogroups: H, J, U. Interestingly, there is one
sample which belongs to the Asian haplogroup G. aDNA sequences were compared with a dataset of 35,203 present-day
sequences of the HVR I region of mtDNA including European, Near Eastern, and Asian populations, as well as 775 ancient
sequences. Analyses of population genetics were performed, including genetic distances (F,), multidimensional scaling
(MDS), principal component analysis (PCA) and shared haplotype analysis (SHA). The shared haplotype analysis (SHA)
showed that the medieval population from Grodowice shares the majority of haplotypes with the medieval populations
from the contact-zones of today’s Slovakia and Croatia (53.85%) as well as with Hungarian conquerors (46.15%).
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INTRODUCTION

ous, those for modern-day Poland (medieval Lesser
Poland, in particular) remain uninvestigated. To
reconstruct the ethnic history of different peoples,

There has been a remarkable increase in the modern molecular genetic approaches are widely

number of ancient human DNA studies in recent
years. As a result, a substantial record of mitochon-
drial sequences from many prehistoric sites — in-
cluding medieval ones from across Western Eurasia
— is now available ((Brandt et al. 2013, Bollognino
etal. 2013; Juras et al. 2014; Koztowski et al. 2014;
Ploszaj et al. 2016; Ptoszaj et al. 2017; Rudbeck
et al. 2005; Stolarek et al. 2018). Although ancient
human DNA datasets regarding Europe are numer-

used. The most appropriate tool which allows for
the characterization of gene pools and for tracking
maternal gene flow seems to be analysis of mater-
nally inherited mitochondrial DNA (mtDNA).
Over the centuries the populations of West-
ern Eurasia were undoubtedly subject to various
episodes of expansion, population replacement, ad-
mixtures between divergent groups, as well as the
formations of new medieval states and ethnicities
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Fig. 1. Migration of human populations based on major mitochondrial haplogroups (Stewart & Chinnery 2015)

— and this is visible in present-day human genomes.
Recent DNA studies suggest that most medieval
populations were heterogeneous and shared com-
mon Western Eurasian mtDNA haplogroups, self-
contained in their geographical locations and origin
(Csékyova et al. 2016; Lazaridis et al. 2014; Meyer
etal. 2012).

At present, the vast territories of East-Central
and South-Eastern Europe are inhabited by Slavic
populations. One should mention, however, that no
large-scale ancient DNA study on the alleged an-
cestral populations of modern-day Slavs has been
carried out to date. However, there are a few DNA
datasets from Poland (Bogdanowicz, Grzybowski,
Bus$ 2015; 2016; Juras et al. 2014; Juras et al. 2016;
Koztowski et al. 2014; Ptoszaj et al. 2016; Ptoszaj
etal. 2017) and the regions geographically adjacent
to present-day Poland: medieval Slovakia (Csa-
kyova et al. 2015; 2016; Nagy et al. 2012; 2016),
modern Czechia (Malyarchuk et al. 2006), Russia
(Grzybowski et al. 2007), and 10" century Hungary
(Tomory et al. 2007; Csdsz et al. 2016).

Mitochondrial DNA is often used in archaeo-
genetic research due to its smaller size compared
to nuclear DNA, the lack of repetitive sequences,
compact structure, and higher resistance to physical
damage affecting it over the centuries. Mitochon-
drial genomes are located in the energy-generating
organelles called mitochondria that are in each eu-

karyotic cell, where their amount per cell (about
8000 copies) depend on the type of organism and
type of cells (Brown and Brown 2011). Human
mtDNA is a double-stranded closed circular mole-
cule of 16.6 kb in length consisting of a coding and
non-coding region. The non-coding region (control
region) of 1.1 kb in length contains two hypervari-
able regions (HVR I and HVR 1II). These regions
are characterized by mutation rates ten times higher
than for the coding region (Howel et al. 2007). Se-
quence variation of mtDNA has been generated by
the sequential accumulation of new mutations along
maternal lineages. Accordingly, human mtDNA
contains a molecular recording of genealogical his-
tory and of the migrations of women who trans-
mitted mitochondria through the generations (Tor-
roni et al. 2006). Based on these mutations we can
determine haplogroups, as was mentioned above,
whose place of origin and extension path are al-
ready known (Fig. 1). Accordingly, there are Sub-
Saharan (African) haplogroups: L0, L1, L2, L3, L4,
L5, L6, L7, Western Eurasian haplogroups: H, T, U,
V, X, K, I, J, W, Eastern Eurasian haplogroups: A,
B, C, D, E, F, G, haplogroups of Native Americans:
A, B, C, D, X, and the haplogroups of the South
Pacific: P, Q, S (van Oven and Kayser 2009).

The universal standard for mtDNA nomen-
clature is derived from the first published com-
plete mtDNA sequence “Cambridge Reference
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Sequence” (CRS) (Anderson et al. 1981). A modi-
fied version of the CRS, in which 11 sequencing
errors were corrected, was renamed “revised Cam-
bridge Reference Sequence” (rCRS) and published
in 1999 (Andrews et al. 1999). Nowadays, another
reference sequence is used too — namely, the RSRS
(Revised Sapience Reference Sequence) which
contains a completely revised version of the rCRS
(Behar et al. 2012).

The aim of this study is to determine matrilin-
eal genetic structure and to present the first popu-
lation-level human DNA study from Lesser Poland
by establishing mitochondrial DNA profiles for 13
samples from the Grodowice cemetery dated to the
Medieval Period (11" to mid-13™ century)?.

MATERIALS AND METHODS

Sample information, ancient DNA
extraction, and amplification

The human skeletal remains (bones and teeth)
used in this study were provided by the Institute of
Archaeology, Jagiellonian University in Krakow
(Poland). Thirteen bone specimens were collected
from the Grodowice cemetery (Poland). Two bone
fragments — one tooth and one compact bone frag-
ment of a femur — were collected from each indi-
vidual (see Table S1?). All stages of the work were
performed under sterile conditions in a dedicated
ancient DNA (aDNA) laboratory (Laboratory of
Archaeogenetics at the Institute of Archaeology,
Research Centre for the Humanities, Hungarian
Academy of Sciences) following well-established
aDNA workflow protocols.

The specimens were prepared following the
protocols described by Kalmar et al. 2000; Sha-
piro and Hofreiter 2012. The bone and tooth sam-
ples were irradiated with UV-C light (1.0 J/cm?, 25
min). The surfaces of tooth samples were cleaned
by sandblasting (Bego, EasyBlast), while the sur-

! Interdisciplinary research programme of materi-
als from Grodowice was financed by the Ministry of Sci-
ence and Higher Education in Poland (the Diamond Grant,
project nr 0053/DIA/2012/41).

2 All tables are included on the CD attached to this
volume of Przeglgd Archeologiczny.

faces of bone samples were removed with a fresh
drilling bit at slow speed, followed by UV expo-
sure for 20 min on each side. Bone and tooth frag-
ments were mechanically ground into fine powder
in a sterile mixer mill (Retsch MM301). Standard
DNA extraction methods were used as described by
Csakyova et al. (2016). First the samples (250 mg
of bone powder) were washed with § ml EDTA
(0.5 M, pH = 7.5) overnight at room temperature
with continuous vertical rotation. After centrifuga-
tion, the supernatant was discarded and the remain-
ing samples were suspended in 1.6 ml digestion mix
(0.1 MEDTA, 20% N-lauryl sarcosine and 20 mg/
ml proteinase K) and incubated overnight at 37°C
with continuous vertical rotation. On the next day
the samples were centrifuged at 13,000 rpm for 10
min, 350 pl supernatant was transferred to a fresh
tube, 350 pul NH4-acetate (4 M) and 700 pl absolute
ethanol were added, and samples were incubated
overnight at —20°C. The DNeasy Tissue Kit (Qia-
gen) was used for further purification of the aDNA
extract following the manufacturer’s instructions:
the mixture was transferred into a DNeasy Mini
spin column and centrifuged at 6500 rpm for 1 min.
The column was washed twice, DNA was eluted
in a final volume of 70 pl and subsequently stored
in the pre-PCR lab at —20°C. Several fragments of
mtDNA hypervariable region I (HVR I) and the
coding region were amplified in a total volume of
40 pl reaction mix, containing 6 pl of DNA ex-
tract, 20.4 ul H,O, 1 x AmpliTaq Gold buffer, 0.8
mM dNTP mix, 0.9 mM MgCl2, 0.16 mg/ml BSA,
0.625 uM primers and 1.5 U AmpliTaq Gold DNA
polymerase. The HVR I region of mtDNA was am-
plified in two overlapping fragments with two sets
of primers, and an additional four primer pairs were
used to amplify haplogroup diagnostic nucleotide
positions in the coding region (see Table S2). The
PCR reactions were performed in 38 amplifica-
tion cycles consisting of three steps (denaturation
at 94°C for 30 s, annealing at 55°C for 1 min and
extension at 72°C for 30 s) with an initial denatur-
ing step at 95°C for 10 min and final elongation at
72°C for 5 min. PCR products were checked on 8%
native polyacrylamide gel. The purification of PCR
products was performed using a QIAquicklPCR
Purification Kit (Qiagen) following the manufactur-
er’s protocol. Sequencing reactions were performed
using the ABI PRISM BigDyel Terminator v3.1
Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) and sequencing products were purified
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by ethanol precipitation. The sequences were deter-
mined on an ABI PRISM 3100 (PE Applied Biosys-
tems) in cooperation with BIOMI (Budapest, Hun-
gary). The sequences were evaluated with Chromas
Lite 2.4.1 and GeneDoc (Nicholas et al. 1996). The
sequence polymorphisms in mtDNA (the range of
HVR 1 is nucleotide positions (np) 16053—16420)
were compared with the revised Cambridge Refer-
ence Sequence (rCRS) (Andrews etal. 1999) as well
as the Reconstructed Sapiens Reference Sequence
(RSRS, www.mtdnacommunity.org) (Behar et al.
2012). Haplogroup determination was carried out
according to the mtDNA phylogeny of PhyloTree
build 17, accessed on 18 February 2016 (www.phy-
lotree.org) considering polymorphic positions of
HVR I and four haplogroup- diagnostic position of
the coding region (van Oven, Kayser 2009).

Reference population data

aDNA sequences were compared with a data-
set of 35,203 present-day mtDNA sequences from
the HVR I region including European, Near East-
ern and Asian populations, as well as 775 ancient
sequences. The sequences were collected from
published data and are listed in Tables S7-S9. Only
those modern mtDNA sequences which were re-
ported for the same sequence range as our ancient
HVR I data were included in the comparison.

Population genetics analysis

Population comparison was calculated using
Arlequin 3.5.1 (Excoffier, Lischer 2010). Pairwise
genetic distances (Fg;) were calculated based on
HVR Isequences (np 16050-16383) assuming a Ta-
mura & Nei substitution model (Tamura, Nei 1993)
with a gamma value of 0.325. Significant variations
in F, values were tested by 10,000 permutations
between 52 modern and 23 medieval populations
and particularly between the medieval populations
alone (Tables S7 and S8).

Multidimensional scaling (MDS) of medieval
and modern populations was applied on the matrix
of linearized Slatkin F . values (Slatkin 1995) (Ta-
ble S7 and S8) and visualized in a two-dimensional
space (Fig. 2 and 3) using the metaMDS function
based on Euclidean distances implemented in the
Vega library of R 3.1.3 (http://www.r-project.org/).

Principal component analysis (PCA) was per-
formed, based on mtDNA haplogroup frequencies
of 22 medieval and 53 modern-day populations
(Table S5 and S6). In the PCA of medieval popula-
tions, we considered 31 mtDNA haplogroups (A, B,
C,D,G,F, H HV, 1, J, K, M, N, Nla, N1b, R/RO,
T, T1, T2, U, U2, U3, U4, USa, USb, U7, U8, V, W,
X, YZ), whereas in PCA with modern day popula-
tions 36 mtDNA haplogroups (A, B, C, D, G, F, H,
HV,HVO0,1,J,K,M,N,R/RO, T, T1, T2, U, U1, U2,
U3, U4, U5, USa, USb, U6, U7,U8, U9, V, W, X, Y,
Z, Other — all remaining haplogroups) were consid-
ered (Figs. 4-7). All PCA was performed using the
prcomp function for categorical PCA, implemented
in R 3.1.3 and plotted in a two-dimensional space,
displaying the first two or the second and third prin-
cipal components (PCs), respectively.

Shared haplotype analysis (SHA) was per-
formed in order to detect and compare the mtDNA
haplotypes shared between 22 ancient populations.
Twelve populations from Europe and ten from Asia
were studied, and the absolute and relative shared
haplotypes were counted (Table S4).

RESULTS

We obtained thirteen mtDNA sequences span-
ning the range of np 16053-16420. The DNA of in-
vestigated samples were extracted and amplified at
least twice per individual from different elements,
the HVR I fragments were reproduced in several
PCR products. The results of these replicates along
with the negative control results suggest the haplo-
types to be authentic.

The medieval sequences encompass almost
the entire range of Western Eurasian macro-haplo-
groups: H, J, U. Interestingly, there is one sample
which belongs to an Asian haplogroup G (Table
S3). We detected identical haplotypes by individu-
als G2 and G4 (belonged to haplogroup U5al), G44
and G51 (haplogroup J2alal). Furthermore, there
were three individuals with rCRS haplotype (hap-
logroups H2a2al).

Pairwise genetic distances were calculated be-
tween 23 medieval populations (Table S7) and be-
tween the same medieval populations and a set of
modern-day populations from Eurasia (Table S8).
Following populations of ancient population-pool
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showed a non-significant difference from the medi-
eval Grodowice (POL_Grod): medieval population
of Conquest period from Hungary (HUN_Cong; F
=0.02553 and p = 0.06504+0.0025), medieval pop-
ulation from present-day Slovakia and Croatia (CB
Cont-Zone; F,.=0.02743 and p=0.12415+0.0038),
medieval Cumanians from Hungary (HUN_ Cum;
F, = 0.02904 and p = 0.19018+0.0038), Lom-
bards from Szélad — Hungary (HUN_Lomb; F_.
= 0.02398 and p = 0.115434+0.0032), Lombards
from Italy (ITA_Lomb; F_ = 0.02488 and p =
0.14117+0.0032), medieval Spaniards (SPA_med;
F; = 0.02600 and p = 0.12444+0.0034), medieval
Slavs from Poland (POL_med; F . = 0.00602 and
p=0.32799+0.0049), Vikings from Norway (NOR _
Vik; Fo. = 0.00029 and p = 0.41026+0.0055), me-
dieval Danes and Vikings (DAN_Vik,med; F,
= 0.03358 and p = 0.05207+0.0023), early medi-
eval Icelander (ICE_med; F_. = 0.01977 and p =
0.12197+-0.0033), south western Siberian Baraba
Late Bronze Age culture (SIB_Bar; F . = 0.03615
and p = 0.06584+0.0025), Bronze Age popula-
tion from south central Siberian Minusinsk Hol-
low (MIN_BRAge KAR; F .. = 0.02477 and p =
0.12355+0.0034) and Bronze and Iron Age popu-
lations in present-day Kazakhstan (KAZ BRAge
IAge; F,, = 0.02767 and p = 0.08286+0.0029) (Ta-
ble S6 and Fig. 2). Pairwise F . values of modern-
day populations indicated non-significant difference
(p>0.05) between Grodowice and populations with
Slavic languages: Russian (RUS; F . = 0.02506 and
p = 0.06217+0.0024), Poles (POL; F_ = 0.02358
and p = 0.06732+0.0027), Czechs (CZE; F . =
0.01095 and p = 0.19186+0.0041), Slovaks (SVK;
Fi; = 0.02273 and p = 0.06772+0.0025), Ukraini-
ans (UKR; F.. = 0.02044 and p = 0.08108+0.0026),
Slovenians (SLO; F . = 0.02622 and p = 0.05891
+0.0027), Belarusians (BEL; F_. = 0.01802 and
p = 0.10850+0.0029), furthermore with Khants
(KHAN; F ., =-0.00082 and p = 0.44015+0.0047),
Armenians (ARM; F,. = 0.01407 and p =
0.12821+0.0034), Iranians (IRN; F_. = 0.00872 and
p=0.21077+0.0037), Iraqi (IRQ; F,, = 0.01120 and
p = 0.17978+0.0040), Turks (TUR; F_. = 0.01322
and p = 0.14454+0.0036), Austrians (AUS; F, =
0.02566 and p = 0.06267+0.0024), Germans (GER;
F; = 0.02392 and p = 0.06584+0.0024), Hungari-
ans (HUN; F_ = 0.02435 and p = 0.06296+0.0024),
Szeklers from Romania (ROM_Sek; F. = 0.01845
and p = 0.10157+0.0032), Albanians (ALB; F_, =
0.02368 andp=0.07871+0.0028), Bulgarians (BUL;

Fo = 0.02453 and p = 0.05455+0.0022), Greeks
(GRE; F, = 0.02124 and p = 0.06752+0.0024),
Estonians (EST; F,. = 0.00683 and p = 0.26393
+0.0038), Danes (DAN; F.. = 0.01237 and p
= 0.17790+0.0037), Norwegians (NOR; F . =
0.01718 and p=10.12335+0.0033), Icelanders (ICE;
Fi;=0.02318 and p = 0.08870+0.0027) and Lithua-
nians (LIT; F. = 0.02670 and p = 0.05386+0.0021)
(Table S7 and Fig. 3).

The multi-dimensional scaling (MDS) plot
based on linearized Slatkin F , values of ancient
populations (stress value = 0.0945, Fig. 2) contains
segregation of west and east Eurasian populations
along the coordinate 1. The nearest population to our
investigated Grodowice is that of the medieval Con-
tact-Zone population from Slovakia and Croatia.

In order to visualize the genetic distances, the
values of linearized Slatkin F. of 23 ancient and
52 modern populations were displayed on the MDS
plot (stress value = 0.0969, Fig. 3). The plot con-
tains aggregation of the European population along
the coordinates 1 and 2. The Asian populations are
separated along the coordinate 1. Between the Eu-
ropean and Asian populations the Near-Eastern are
situated. The ancient populations are separated on
this European-Asian lineage along coordinate 1,
too. The medieval population from Grodowice is
between the modern European and Asian popula-
tions near to modern Near-Eastern and ancient
European populations, but along coordinate 2 it is
separated from these European populations as well
as the medieval contact zone population from Slo-
vakia and Croatia.

PCAs were calculated based on mtDNA haplo-
group frequencies of medieval and modern popula-
tions (Tables S5 and S6).

The PCA plots showed a marked difference
between ancient European and Asian populations.
Furthermore, along the PC1 and PC2 compo-
nents (values of displayed variance: PC1 = 20.4%,
PC2 =11.2%) the plot shows a clustering of popula-
tions of the Bronze and Iron Ages from Kazakhstan
and Avars and conquerors from Hungary, South Eu-
ropean populations from Italy and Spain (Fig. 4).
The medieval population from Grodowice is situat-
ed between European and Asian populations along
the PC1, which could be caused by the presence
of Asian haplogroup G; along PC2 it is separated
from most of the populations, whilst along the PC3
(10.5% of total variance) this phenomenon is not
presented (Fig. 5).
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The PCA plots of the modern Eurasian popula-
tion indicate an alignment of the European popu-
lations and separated Asian population on PCl1
and PC2 components (variance: PC1 = 29.1%,
PC2 = 15.1%). The Near-Eastern populations are
clustered together along PC2, but they are closer
to the European population along component PC3
(7.4% of total variance). The investigated medie-
val population is again between the European and
Asian populations along these three components
(Figs. 6 and 7).

The shared haplotype analysis (SHA) shows
that the medieval population from Grodowice
shares the majority of haplotypes with medieval
populations from Contact-Zones of today’s Slova-
kia and Croatia (53.85%) as well as with Hungarian
conquerors (46.15%) (Table S4).

DISCUSSION

In this study we investigated a medieval popu-
lation from the cemetery in Grodowice, Poland. Us-
ing well established protocols for aDNA analysis
we have obtained the mtDNA dataset of thirteen
samples, concerning the genetic variation within the
HVR I region and four nucleotide polymorphisms
in the coding region of mtDNA. These markers
enabled us to assign the mtDNA haplogroup of the
samples. The representative haplogroups of the in-
vestigated medieval population belong to common
modern European (West Eurasian) haplogroups ex-
cept in the case of 1 sample, namely G26, which
belongs to the typical Asian haplogroup G2a5. The
age of this haplogroup was estimated by (Behar et
al. 2012): 1,199.6 + 1,670.4; CI=95%. The hap-
logroup G2 is characteristic for east and central
Asian population based on the empop haplogroup
browser (empop.org) (Rock et al. 2013). Relative-
ly high presence of G2a was detected by Buryats
from Russia (Derenko et al. 2013; 2018), Kazakhs
(Comas et al. 2004; Gokcumen et al. 2008; Irwin
et al. 2010), Kyrgyz (Comas et al. 1998; Irwin et
al. 2010), populations from China (Yao et al. 2000;
2002a; 2002b; 2003; 2004; Qian et al. 2001; Oota
et al. 2002; Kong et al. 2003; Wen et al. 2004; Li
et al. 2007; Liu et al. 2011), Japanese (Horai et al.

1996; Imaizumi et al. 2002; Maruyama et al. 2003;
Tajima et al. 2004; Tanaka et al. 2004; Mabuchi
et al. 2007;) , Koreans (Lee et al. 2006; Derenko
et al. 2007; Lee et al. 2006), Khants and Mansi
(Derbeneva et al. 2002; Pimenoff et al. 2008) and
Yakuts (Derenko et al. 2007; Fedorova et al. 2003;
Pakendorf et al. 2003; 2006; Puzyrev 2003). The
frequencies of European haplogroups are quite dif-
ferent from present-day populations: the detected
frequency of haplogroup H at medieval Grodowice
was a little bit lower (38.5%) than it is in European
modern-day populations, where this most frequent
haplogroup has a frequency of 45.4% (Torroni et
al. 2006; Brotherton et al. 2013). Haplogroup H,
the most common haplogroup in Europe, was also
detected in all typed individuals in the Late Viking
Age cemetery in Bodzia (central Poland) (Bogdano-
wicz, Grzybowski, Bu$ 2015; 2016). The most an-
cient European haplogroup U occurs in higher fre-
quency in the medieval population (30.8%). Haplo-
groups J (23.1%) occurred nearly two times more
frequently than in present-day Europe (Soares et al.
2010; Behar et al. 2012).

The investigated population from Grodowice
evinces a European character based on popula-
tion genetic analysis, but is situated mostly be-
tween Asian and European populations, which is
caused by the presence of a haplotype belonging
to the haplogroup G. DNA studies for other medi-
eval Polish populations from Cedynia and Lednica
indicate that the investigated samples share their
more rare haplotypes with East-Central and South-
East European populations (Juras et al. 2014, 1).
Archaeological data suggest that during the Mid-
dle Ages, Asian populations, including Altaic tribes
(Huns, Avars, and Mongols) were engaged in wars
on the European continent (Curta 2001). This could
in consequence leave traces in the form of Asian
haplotypes in European populations. The existence
of a haplotype representing, among other exam-
ples, clade G2a in Polish populations could further
reflect the influx of Asian haplotypes during me-
dieval wars in which Altaic tribes were engaged
(Mielnik-Sikorska et al. 2013, 7). The medieval
population from the Contact-Zone of Slovakia and
Croatia (Csakyova et al. 2016; Csosz et al. 2016)
is relatively near to the investigated population
based on haplotype analyses like MDS and SHA

(Fig. 2).
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CONCLUSION

It seems that further research of more samples,
along with analysis of the whole mitochondrial
genome and nuclear DNA markers, are necessary
in the investigation of the genetic connections be-
tween medieval and modern populations in order to
arrive at more concrete conclusions. Further analy-
ses of ancient samples of the region will probably
result in a more accurate estimation of the medieval
populations’ affinity.

Taking all of the above data into account, it is
relatively difficult to pinpoint any specific region
as the place of origin of the examined individuals.
The results could be biased due to the small sample
size, and genetic drift could also unnoticeably in-
fluence our results. It is worth noting that analyses
of haplogroup frequencies can be very sensitive to

small sample sizes that increase the randomness of
the identified genetic affinities. Furthermore, we as-
sessed population interactions and migrations only
along the maternal lineages; the paternal side of
the medieval population history remained unexam-
ined in this study. Moreover, as has been proved
elsewhere, mtDNA analyses of control region se-
quences alone, do not allow identification of any
specific features which would clearly distinguish
Slavs from the other European populations. Thus,
only large-scale complete mitochondrial genome
sequences studies may point out mtDNA lineages,
which could have been involved in the formation
of Slavs. Nevertheless, the study presented here of
the first successful description of medieval mtDNA
variability at the Grodowice cemetery contributes
an important dataset to help reveal the genetic di-
versity of medieval Europe.
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S1: Samples from Grodowice (Poland) used for genetic analysis

Femur L

Grave Number Tooth, Bones Samples Sex Age
T M3 (Lower, R)
G2 M Adultus/Maturus
B Femur R
T M3 (Lower, R)
G4 M Adultus/Maturus
B Femur R
T M3 (Upper, L)
G6 M Adultus
B Femur R
T M1 (Upper)
G9 F Adultus
B Femur L
T M2 (Lower, R)
GI10 F Adultus
B Femur R
T M1 (Upper, L)
G20 M Adultus
B Femur L
T M3 (Lower, L)
G26 M Maturus
B Femur
T M1 (Upper, L)
G44 F Adultus
B Femur R
T M3 (Lower, R)
G49 M Adultus
B Femur R
T M3 (Lower, R)
G50 F Adultus/Maturus
B Femur R
T M2 (Lower, L)
G51 F Adultus
B Femur L
T M3 (Lower, L)
G102 M Maturus
B Femur L
T M1 (Upper, L)
G104 M Maturus




$2: Performed PCRs of 2 overlapped HVI sequences and sequences of coding region
contained pointed SNPs and primer pairs used for amplification

HVI region Coding region
Samples Tooth, Femur
16020-16259 16182-16401 4833 7028 12308 12705
T 4 4 v
G2
B v v
T v v v
G4
B v v
T v v v
G6
B v v
T v v v
G9
B v v
T v v v
G10
B v v
T v v v
G20
B v v
T v v v v v
G26
B v v v
T v v v
G44
B v v
T v v v
G49
B v v
T v v v
G50
B 4 v
T v v v
G51
B 4 v
T v v v v
G102
B v v
T v v v
G104
B v v
Name of primers Sequences Reference Reported as
L-16020 5-TCT GTT CTT TCA TGG GGA AG-3’ 116040
Tomory et al. 2007
H-16259 5-GTG GCT TTG GAG TTG CAG TT-3’ H16239
HVRI
L-16182 5-AAC CCC CTC CCC ATG CTT AC-3’ L16201
Tomory et al. 2007
H-16401 5-TGA TTT CAC GGA GGA TGG TG-3’ H16400
1-4833 5-CTATCCTCTTCAACAATATACTCT-3’ L4701
Xie et al. 2007
H-4833 5-ATGTGAGAAGAAGCAGGC-3 H4848
7028-F 5-TTT TCA CCG TAG GTG GCC TG-3’ L6962
Tomory et al. 2007
7028-R 5-TGA AAT GGA TTT TGG CGT AGG-3 H7126
SNPs of coding region
12308m-F 5-ACA GAG GCT TAC GAC CCC TTA-3’ 12308m-F
Csakyova et al. 2016
12308m-R 5-TTT ATT TGG AGT TGC ACC AG-3’ 12308m-R
12705-F 5-CAT CCC TGT AGC ATT GTT CG-3’ 112622
Tomory et al. 2007
12705-R 5-AAT TCC TAC GCC CTC TCA GC-3’ H12764
Tomory et al. 2007 Tomory G, Csanyi B, Bogacsi-Szabd E, Kalmar T, Czibula A, Csosz A, Priskin K, Mende B, Lang6 P, Downes CS, Raskd I:

Comparison of maternal lineage and biogeographic analyses of ancient and modern Hungarian populations. Am ] Phys
Anthropol. 2007 Nov;134(3):354-68.

Csakyova et al. 2016 Csakyova V., Szécsényi-Nagy A., Cs6sz A., Nagy M., Fusek G., Lang6 P, Bauer M., Mende B.G., Makovicky P., Bauerova M.
(2016). Maternal Genetic Composition of a Medieval Population from a Hungarian-Slavic Contact Zone in Central Europe. PLoS
ONE, 11(3), e0151206.

Xie et al.2007 C. Z.Xie, C. X. Li, Y. Q. Cuil,2, Q. C. Zhang Y. Q. Fu, H. Zhu, H. Zhou: Evidence of ancient DNA reveals the first European
lineage in Iron Age Central China. Proc. R. Soc. B (2007) 274, 1597-1601



$3: Obtained mtDNA haplogroups and haplotypes

Samples HVI region based on rCRS (1) HVI region based on RSRS (2) Coding region Haplo%rgli;;l(fg}?efl;)tree 17 Overall_Rank
G2 16192T 16256T 16270T 16291T 16399G 16129G 16187C 16189T 16192T 16223C 16230A 16256T 16270T 16278C 16311T 16399G 12308G Ubsal 1.0000
G4 16192T 16256T 16270T 16291T 16399G 16129G 16187C 16189T 16192T 16223C 16230A 16256T 16270T 16278C 16311T 16399G 12308G Ubal 1.0000
G6 rCRS 16129G 16187C 16189T 16223C 16230A 16278C 16311T 7028C H2a2al 0.5000
G9 16069T 16126C 16069T 16126C 16129G 16187C 16189T 16223C 16230A 16278C 16311T 12705C J 1.0000
G10 rCRS 16129G 16187C 16189T 16223C 16230A 16278C 16311T 7028C H2a2al 0.5000
G20 rCRS 16129G 16187C 16189T 16223C 16230A 16278C 16311T 7028C H2a2al 0.5000
G26 16223T 16227G 1623471 16278T 16362C 16129G 16187C 16189T 16227G 16230A 16234T 16311T 16362C 4833G 7028T 12308A G2a5 0.8836
G44 16069T 16126C 16145A 162