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Abstract: The genetic signature of modern Europeans is the cumulated result of millennia of discrete
small-scale exchanges between multiple distinct population groups that performed a repeated cycle
of movement, settlement, and interactions with each other. In this study we aimed to highlight
one such minute genetic cycle in a sea of genetic interactions by reconstructing part of the genetic
story of the migration, settlement, interaction, and legacy of what is today the Transylvanian Saxon.
The analysis of the mitochondrial DNA control region of 13 medieval individuals from Feldioara
necropolis (Transylvania region, Romania) reveals a genetically heterogeneous group where all
identified haplotypes are different. Most of the perceived maternal lineages are of Western Eurasian
origin, except for the Central Asiatic haplogroup C seen in only one sample. Comparisons with
historical and modern populations describe the contribution of the investigated Saxon settlers to the
genetic history of this part of Europe.

Keywords: mitochondrial DNA; medieval individuals; Transylvania; population genetics

1. Introduction

The present-day territory of Romania reunites four distinct historical regions (Transyl-
vania, Wallachia, Moldavia, and Dobruja), divided by the Carpathian Mountains Range
that arches through the middle of the country. Until their unification into a single country
in the 20th century, these provinces evolved rather independently, sometimes at odds with
each other, for more than five centuries under different political and religious influences,
being alternately challenged by distinct foreign powers [1]. This tangled history left its
mark on the material culture, social organization, economic aspects, and genetic makeup of
Romania, making it a space of convergence between different cultures. The consequences
of past migrations, local admixture, and colonization events on the gene pool of current oc-
cupants of Romania’s territory have been addressed in a few studies that aimed to uncover
their mitochondrial DNA (mtDNA) diversity [2–4]. Among these, one study assessing the
overall mtDNA control region variation has indicated that the maternal genetic landscape
is relatively homogenous across Romania [3]. In a different study, it has been proposed that
the Romanian Carpathians do not act as a strong genetic barrier, as the mtDNA haplogroup
distribution of modern populations separated by this natural boundary showed only a
small degree of genetic differentiation [4]. A more detailed comparison of mtDNA variation
between the historical regions pointed out that the topology of the Romanian territory
might have influenced past migration routes. The present Transylvanian population stands
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out by being closely related to its Central European counterpart, while the populations of
provinces outside the Carpathian Arch were more similar to those in the Balkans [2].

Representing, today, the central-western region of Romania, Transylvania was, in the
Middle Ages, a province with a special identity within the Kingdom of Hungary, whose
structure was gradually integrated during the 10th–13th centuries. This integration was
carried out in stages and involved mainly two populations, known in historiography as
the Szeklers and the Saxons. The first group, already existing in the kingdom since the 10th
century, had a predominantly military role in defending the borders [5]. The second group
arrived in Central and Eastern European territories from the Occident as part of a huge
wave of colonization starting in the middle of the 12th century. Most of the Western settlers
that colonized southern and southeastern Transylvania came from Flanders and Saxony,
and are identified today by the generic name of Saxons [6]. This term does not designate
their precise origin; it is rather used as a conventional denomination for the privileged
status of the settlers from German-speaking territories. In a second stage, the Teutonic
Order settled in the south-eastern corner of Transylvania [7], a region which appears under
the name of Ţara Bârsei (Burzenland) and whose boundaries were established on that
occasion. This land endowment, made in a complex context, had the stated purpose of
protecting the southeastern borders of the kingdom against the incursions of the Cumans.
In fact, it is considered that the region where these settlers arrived was less than desirable
for settlement precisely because of the proximity to the Turkic nomads—the Pechenegs
and Cumans. The endowment was retracted 14 years later, in 1225, as a result of the
king’s dissatisfaction with the Order’s activities and especially with their tendency to
act independently and to acquiesce more to the Pope than to the king. Feldioara, whose
German name is Marienburg, has gone down in history mainly as the seat of the Teutonic
Knights in their short Transylvanian incursion. Located approximately in the center of the
territory granted to this military order, Feldioara has been founded in the middle of the
12th century by a community of German settlers (peasants and craftsmen), in a place with
an important strategic position.

These colonization events imprinted the demographic history of populations from
the current territory of Transylvania creating a cultural complex space, but the extent of
these influences and other ancestral fine details remain largely unknown. Few studies
have explored the genetic features of ethnic groups presently living in Romania in the
hope of a better understanding of their biological and cultural identity, connections to
other populations, and genetic legacy [8–10]. Most of these sought to investigate the
genetic diversity of modern Hungarian-speaking groups from a maternal perspective [9], Y-
chromosomal haplotypes [11], or even based on genome-wide autosomal marker data [12].
The genetic data available for modern Transylvanian Saxons is even scarcer, being limited
to a single study [13]. Using Y-STR haplotype data for 59 males, it was revealed that they
are genetically closer to Germans, Romanians, and Transylvanian Székely than to other
European populations.

The purpose of this study is to investigate the maternal (mitochondrial) genetic
diversity of medieval individuals discovered in Feldioara necropolis, potential members
or descendants of a group that attained the farthest German colonization limit [14], and
to consider their similarities, differences, and links to their contemporary and succeeding
populations.

2. Materials and Methods
2.1. Sample Background

The human archaeological remains analyzed in this study were discovered at Feldioara
necropolis, also known as Marienburg (Bras, ov County). The cemetery was located in a
square between the evangelical church and the parsonage. The excavations in this area
were conducted between 1991 and 1995 [14], in 1998, and between 2006 and 2007 [15]. A
number of 127 graves with a total of 145 burials were uncovered, 109 graves outside, and
18 inside the churchyard. Of the 127 investigated graves, most were simple graves, but also
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multiple graves (13 double, 2 triple, and one containing the remains of four dead) were
found. Of these, 14 individuals were selected for genetic analysis based on the preservation
status of the osteological material (Supplementary Figure S1). The age and sex of the
selected individuals were previously determined in [15]: 13 adults (6 females, 6 males, and
1 indeterminate) and 1 subadult, who had an arrowhead between the ribs on the left side
of the body, presumably the cause of death [16].

The routine funerary ritual in this necropolis involved the direct deposition of the
adult bodies, without coffins, in graves with a step. This type of grave consists of a first
larger rectangular hole continued by a smaller inferior pit outlining the shape and size
of the human body, including a niche for the head. The funeral inventory is very poor,
consisting of reused Roman coins, six Hungarian anonymous denars, and three lockrings
with “S” -shaped ends [15]. While this kind of lockrings are found in a larger area (from
Germany [17] to the Carpathian Basin [18] in the Bjelo Brdo’s cultural space [19]) and were
found in only two graves (M86, M113) in this necropolis, the anonymous Hungarian denars
are minted only in the second half of the 12th century and remained in use usually for a
short period of time due to frequent reminting. The six anonymous Hungarian denars
found as grave goods in the Feldioara cemetery are attributed by numismatists to the
reigns of Geza II (1141–1161) and Stephan III (1162–1172) and later coins were absent from
the funerary inventory [14]. The beginning of use of this necropolis corresponds with the
agreed start of Saxon settlement in Transylvania in the reign of Geza II and ends with
the arrival of the Teutonic Knights in 1211 [14]. The stratigraphy observed during the
excavation showed a layer of construction rubble covering the upper layer of the graves,
originating probably in a massive edifice attributed to the Knights. Grave fills show no
traces of construction debris. It is inferred that the burials at this site have been used for
2–3 generations, a fact supported by overlapping of two graves in five instances and three
graves in two cases [14]. The inventory and analogies with the cemeteries of Western
Europe and with those from Transylvania (all located in the Saxon colonization zone) show
that the Feldioara cemetery belonged to the first wave of German settlers who arrived in
Transylvania after the middle of the 12th century [14].

2.2. Ancient DNA Analysis

All DNA extractions and amplifications of the selected archaeological samples were
performed in a sterile environment in laboratories exclusively dedicated to ancient DNA
research at the Interdisciplinary Research Institute on Bio-Nano-Sciences, “Babes, -Bolyai”
University, Romania. All steps were conducted following precise guidelines and appropri-
ate workflow protocols for aDNA processing previously described [20]. Even though the
persons who manipulated the samples during molecular analysis wore clean protective
equipment to avoid contamination, their mtDNA signature was determined (Supplemen-
tary Table S1) and compared to the results obtained from the ancient samples.

The biological material used for DNA isolation was represented by dental samples
with a very good preservation status for each tested historical individual. When available,
multirooted teeth were selected. Prior to DNA extraction, each sample was decontaminated
by mechanical removal of the external layer of the sample using a dental micro-drill
(Marathon-3 Champion, Saeyang Microtech, Korea). Then, the samples were UV-irradiated
(254 nm) for 45 min. Routinely, 100 mg of powder was collected from the dentine of the
tooth root and then used for aDNA isolation. A negative control (no dental powder) was
processed for every batch of three samples during the extraction and DNA amplification
steps to monitor potential contamination with exogenous DNA.

The DNA extraction was performed in a designated pre-PCR area following a pub-
lished silica-based protocol [21], but we adapted the described binding apparatus by using
silica spin columns provided with the QIAquick PCR purification kit (Qiagen, Hilden,
Germany) to allow for the recovery of products larger than 100 bp. In total, two 50 µL-TET
buffer (10 mM Tris-HCL, 1 mM EDTA, 0.05% Tween-20, pH 8.0) aliquots were used for
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elution. The results were reinforced by at least two extractions or amplifications for several
individuals, detailed in Supplementary Table S2.

The amplification of both hypervariable regions (HVR-I and HVR-II) of the human
mitochondrial genome was performed using a set of eight mini-primer pairs, specially
designed for highly degraded samples [22]. Besides the control region of the mitochondrial
genome, three phylogenetic significant SNPs of the coding region (7028, 12308, 14766)
were targeted to clarify the haplogroup classification of some samples as detailed in Sup-
plementary Table S2, using the primers described in [23]. The amplification reactions
of the targeted regions were set up in a final volume of 25 µL. Each PCR reaction con-
sisted of 1.25 U MangoTaq™ DNA Polymerase (Bioline Reagents Ltd., London, UK), 1×
MangoTaq™ Colored Reaction Buffer, 2.5 mM MgCl2, 0.2 mM dNTP mix, 0.3 µM each
primer, 1–5 µL DNA extract, 0.5 µg/ µL BSA and PCR-grade water (Jena Bioscience, Jena,
Germany) up to the final volume. The following cycle conditions were applied: initial de-
naturation at 95 ◦C for 5 min, 35 amplification cycles consisting of three steps (denaturation
at 95 ◦C for 30 s, annealing at 46–56 ◦C depending on the primer pair, for 30 s and extension
at 72 ◦C for 30 s) and final elongation at 72 ◦C for 5 min. A negative PCR control was
included in each run. The PCR products were visualized on a 1.5% agarose electrophoresis
gel and then purified using FavorPrep GEL and PCR Purification Kit (Favorgen Biotech
Corp., Pingtung, Taiwan), according to the manufacturer’s instructions. The fragments
of interest were cloned using the Sticky-End Cloning Protocol available with the CloneJet
PCR Cloning Kit (Thermo Scientific, Waltham, USA) and then a batch of six clones per
amplicon were Sanger-sequenced at Macrogen Europe (Amsterdam, The Netherlands)
using the standard primer pJET1.2R. If these first results were inconclusive another batch
of six clones per PCR fragment were generated from an independent PCR reaction. All
resulting sequences were aligned using the ClustalW algorithm for multiple sequences
included in BioEdit Sequence Alignment Editor v. 7.2.5.0. The mtDNA sequence poly-
morphisms in the nucleotide position range 57 to 357 and 16,009 to 16,390 were identified
relative to the revised Cambridge Reference Sequence (rCRS, NC_012920) [24]. Haplogroup
determination was carried out according to the mtDNA phylogeny of PhyloTree build 17
using the HaploGrep2 web application [25,26]. All mitochondrial control region sequences
generated during this study were submitted to GenBank under the accession numbers
MW508518–MW508530. The mtDNA profiles of the investigated samples are reported in
Table S3.

2.3. Population Genetic Analyses

The mtDNA data generated for the individuals sampled in this study were compared
to ancient and modern mtDNA sequences deposited in online databases to identify their
genetic relatedness. This comparison aims to provide traces of evidence on past migratory
routes and geographic origin of the analyzed population. The human mitochondrial se-
quences retrieved from publicly available data, detailed below, were first manually grouped
based on their age (medieval and contemporary), and then according to their geographic
origin. The resulting datasets, one consisting of 21 historical populations (including the
population considered in this study) and one, including 35 modern Eurasian populations,
were used for haplogroup-based analysis, as well as for sequence-based analysis as detailed
below. The population from Feldioara were compared to an ancient dataset consisting
of 747 sequences of European populations and a Byzantine group [27]: Lombards from
Italy [28,29] and Hungary [29], Avars [30–32], Vikings from Norway [33] and Denmark [34],
medieval Basques [35], Italians [36], Bulgarians [37], medieval population of Conquest
period from Hungary [30,38], medieval populations from Poland [39], Slovakia [40], Ice-
land [41], southeastern Romania [20,42] and Bavaria [43]. In addition to these medieval
groups, an Iron Age population attributed to Goths [44] and a population from Italy
dated to the Roman period [45] were used in comparative analyses. Characterizing spatio-
temporal variables and mitochondrial haplogroup frequencies are given in Table S4. For
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comparison with modern Eurasian diversity, we used the mtDNA haplogroup frequencies
and HVR-I sequences previously compiled in Rusu et al. [20] and the references therein.

Principal component analysis (PCA) was carried out based on mtDNA haplogroup
frequencies of medieval and modern datasets. In total, 33 mitochondrial haplogroups were
considered in the PCA of 21 ancient populations (Supplementary Table S4), whereas in the
PCA with 35 present-day Eurasian populations 37 mtDNA haplogroups were considered
(detailed in [20]). All PCAs were conducted using the prcomp function of the R stats
package implemented in R 4.0.2 [46], and displayed in a two-dimensional space, showing
the first two principal components (PC1 and PC2). A hierarchical clustering using Ward’s
agglomerative method [47] and Euclidean distance was employed on all genetic variations
(PC) that resulted from the PCA of historical populations. The pvclust function in R [48] was
used to calculate the probability values (p-values) for each cluster using 10,000 bootstrap
replications. The significance of each cluster in the resulting dendrogram was given as an
approximately unbiased (AU) p-value shown at branches.

Population comparisons using both modern and ancient reference sequences were
estimated using Arlequin 3.5.2.2 [49]. Pairwise differences were calculated based on
aligned HVR-I sequences of uniform sequence length, ranging from 16050 np to 16383 np
(nucleotide position). The substitution model and the shape of Gamma parameter were
assessed with ModelTest-NG [50]. For comparisons between the investigated population
and both reference datasets, the Fst values were determined assuming a Tamura and Nei
substitution model [51], 10,000 permutations and a significance level of 0.05. The linearized
Slatkin Fst values and significant p-values of the historical populations were graphically
represented as a level plot (Supplementary Table S5), while those of modern populations
were visualized using multidimensional scaling (MDS) (Supplementary Table S6). The
MDS plot was generated with metaMDS function based on Euclidean distances executed
in the vegan library of R 4.0.2 [46,52].

3. Results and Discussion
3.1. MtDNA Polymorphism

We attempted to extract total DNA and subsequently amplify the two hypervariable
regions of the human mitochondrial genome from 14 historical individuals from Feldioara.
We identified the mtDNA polymorphism of the control region sequences spanning nu-
cleotide positions 57–357 and 16009–16390 for all specimens, except one, labeled as M83a.
Despite multiple extractions and amplifications for this sample with clean negative controls,
the results were ambiguous, indicating potential contamination with exogenous DNA from
the researcher performing the laboratory analysis. In this context, it seemed rational to ex-
clude this sample from any further discussion and statistical analyses. The sequence motifs
spanning the control region for the other 13 samples were assigned to mtDNA haplogroups
in most cases with a very good overall quality of HaploGrep definitions (above 90%). The
haplogroup affiliations were corroborated by diagnostic coding region sites which are all
detailed in Table S3. Taking into consideration that equivalent results were obtained from
replicate DNA extractions and amplifications following standard guidelines for ancient
DNA analysis, as well as the detection of typical miscoding lesions in all cloned sequences
support the trustworthiness of the generated mitochondrial data.

The maternal genetic composition of the analyzed group consisting of 13 samples
indicates a high level of heterogeneity since it is comprised of 13 distinct haplotypes. The
fact that these individuals do not share the same mtDNA profiles suggests that there
are no strong maternal relationships among the analyzed group. The lack of identical
maternal lineages might be a consequence of the small sample size, randomly selected
from different parts of the necropolis, hardly any from adjacent burials (Supplementary
Figure S1). However, other kinds of family connections cannot be ruled out solely based
on the analysis of the uniparental marker that reveals the matrilineal perspective.

The mitochondrial haplogroup architecture of the analyzed medieval group includes
predominantly common west Eurasian clades (H, HV, J, I, U4, and U5), but not exclusively,
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as one of the sequences belonging to a middle-aged female (M26) was classified into
haplogroup C, an east Eurasian lineage (Figure 1). The genetic input from Central Asia has
also been observed in medieval individuals from the province of Dobruja, but has been
represented by a distinct mtDNA variant with a different phylogenetic history [20]. The
maternal lineages originating from West Eurasia identified in the investigated population
are different from those found in the small medieval group from southeastern Romania,
except the common H2a2a, which may indicate different genetic influx in these geographic
regions (Figure 1).
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the population from Feldioara (labeled in red), located in the historical region of Transylvania, was investigated in this study,
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province of Dobruja, was analyzed in previous studies [20,42]. Pie charts represent the frequencies of the major haplogroups
in these populations. The size of the charts is proportional to the number of samples from each necropolis.

The sequence of the M26 sample showed a transition at 16357, characteristic of the
C4a2 subclade. This variant is commonly found in the mtDNA pool of modern inhabitants
of Siberia (particularly Evenks and Yakuts), while in Eastern Europe it is generally poorly
represented [53,54]. This lineage and few derivatives were identified in ancient specimens
such as: Iron Age Tagar individuals from Southern Siberia [55], Bronze Age representatives
from the Baikal Lake region [56], as well as Bronze Age Kurgan specimens from the North
Pontic Region [57]. C4a2a1 haplotype, distinguished by the 16171G mutation, has been
identified in more recent samples dated to the medieval period, more specifically one
individual from the Trans-Ural region and one attributed to Hungarian Conquerors that
inhabited the Carpathian Basin during the tenth century [58]. The phylogeographic analysis
of this mitochondrial lineage conducted in [58] pointed to the Kazakh or Baraba steppe as



Genes 2021, 12, 436 7 of 15

the most probable geographic origin. Based on this information and taking into account
the historical context (Transylvania, which includes Feldioara, was gradually integrated
into the Hungarian Kingdom during 10th–13th centuries), a feasible scenario is that this
maternal lineage could have infiltrated in the Feldioara region along with the ancient
Hungarians who migrated and conquered the Carpathian Basin in the 9th–10th centuries.
The earliest occurrence of C4a2, until now, was documented in Early Bronze Ages samples
from Shamanka (Baikal region) [59] and Middle Bronze Age samples associated with
Deer Stone–Khirigsuur Complex from Mongolia [60], indicating that C4a2 most probably
originated from the Mongolia–Baikal region.

Haplogroup H, the prevailing lineage in the modern gene pool of Europeans, accounts
for nearly 40% of the mtDNA variation in the investigated group, being represented by
different clades (H1a, H1b, H2a2a, H5, and H7f). For most of them, further classification
into derivative sub-lineages might have been possible with the aid of whole coding region
data, but not for H7f, which is precisely identified due to the presence of the diagnostic mu-
tation 16168T in the reconstructed sequence of the M42a sample. This particular haplotype
seems rather scarce in historical samples as it has been revealed only by the mitochondrial
signature of a female from Isola Sacra associated with the Imperial Rome [61]. The M15
Feldioara sample contains defining mutations for HV9a, also identified in an individual
of Viking Age from Norway, but which lacks the private mutation (16390A) present in
our analyzed sample [33]. The HV9a lineage has been observed in the genomic data of
Early Medieval individuals (about 500 AD.) with artificially deformed skulls discovered in
present-day Bavaria, a genetically heterogeneous group comprising women that presum-
ably originated from southeastern Europe in contrast to individuals with normal skulls
from the same region that seemed to have mainly a northern and/or central European
ancestry [43]. The second most abundant macro-haplogroup in the investigated population
is U, with four samples classified into different subdivisions of this clade (U5b2a1a, U4a3a,
and two distinct U5a1 haplotypes). Of these, U4a3a and U5a1d2a seem to be present only
in few historical samples attributed to different cultures and time frames but mainly discov-
ered in northern Europe (LM60mt—Middle Ages England [62], I2462—Early Bronze Age
England [63], VK328—Viking Age Denmark [64], LP162mt—Early Medieval Denmark [62]).
The genetic pattern of Feldioara sample M16a shows, besides a transition at position 207,
a variant at 152 from the root node of haplogroup I, which leads to the affiliation of this
individual to I2′3 lineage. A similar mtDNA profile has occurred in an ancient sample
from the current territory of Germany associated with Unetice culture [65], a fact which
implies a potential genetic connection between the investigated population and not only
northern Europe, but also with the central part of the continent.

3.2. Population Genetic Analyses

To gain more clues regarding the genetic affinities between the sampled individuals as
a group and other historical and modern populations reported in literature, we conducted
haplogroup-based and sequenced-based analyses. The PCA of 21 ancient populations
was constructed based on mtDNA haplogroup frequencies (Supplementary Table S4), and
visually represented in a two-dimensional space (Figure 2a). The graph shows the rough
clustering of most ancient European populations along the first two PCs, regardless of
their geographic affiliation. Among them, only those medieval populations from southern
Europe seem to be more tightly grouped. Even though the population dated to the Roman
period originates from southern Italy it is separated from the South European cluster, likely
due to its complex genetic background shaped by intense people interactions, imperial
expansions and long-distance trades [61]. On PC1, the Avar elite group derived from the
center of the Carpathian Basin (HUN_Avar-elite) is located in a marginal position. This
is somehow expected as the gene pool of this group is dominated by a varied spectrum
of Asian haplogroups [31]. Similarly, two isolated groups are revealed also on PC2 due to
the contribution of N, R, and U suclades: a mid-Byzantine population from southwestern
Anatolia (TUR_Byz) and a medieval population from southeastern Romania (seROU_med).
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As a consequence, the medieval population from Transylvania (cROU-med) is distantly
placed from the medieval population from Dobruja, indicating distinct genetic influences
in these two regions separated by the Carpathian Arch. Comparable lines of evidence
were drawn by the analysis of mtDNA variation in present-day Romanians [2]. The clear
separation of the two medieval populations from distinct historical provinces of Romania
is also revealed by the hierarchical clustering as they are located on different branches.
The Ward type hierarchical clustering (Figure 2b) also shows the genetic associations of
the studied population with historical sample sets from northern Europe (Vikings from
Norway and Early medieval Icelanders), early medieval burials from Bavaria, as well as
Longobards from Hungary.
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bards from Hungary (HUN_Long), Vikings from Norway (NOR_Vik), and Early medieval Icelanders (ISL_med). This 
cluster is distinct from the one formed by mid-Byzantine population from southwestern Anatolia (TUR_Byz) and a me-

Figure 2. Haplogroup-based analyses of 21 historical populations. (a) PCA plot of the first two principal components; (b)
Ward type hierarchical clustering (AU p-values in percent are given as red numbers on the dendogram). The investigated
population from Feldioara (cROU_med) is clustered with early medieval individuals from Bavaria (DEU_med), Longobards
from Hungary (HUN_Long), Vikings from Norway (NOR_Vik), and Early medieval Icelanders (ISL_med). This cluster
is distinct from the one formed by mid-Byzantine population from southwestern Anatolia (TUR_Byz) and a medieval
population from southeastern Romania (seROU_med). Abbreviations and mtDNA haplogroup frequencies are reported in
Table S4.

Pairwise genetic distances were calculated based on HVR-I sequences of uniform
length using the same dataset as for the PCA. The linearized Slatkin Fst values and signifi-
cant p values were visualized on a level plot (Figure 3). The studied population showed
non-significant differences from the majority of historical populations, but not from the
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medieval population from a Hungarian–Slavic Contact zone, the medieval Italians, or
the Longobards (also from Italy). The medieval population from Feldioara showed the
lowest genetic distances from eight ancient populations of which four were placed under
the same branch in the hierarchical clustering diagram (HUN_Long, DEU_med, ISL_med,
and Nor_Vik). The other populations showing low genetic distances are: seROU_med,
TUR_Byz, POL_med, and POL_IA. The exact Fst values and their corresponding p-values
are listed in Table S5. Considering the small sample size analyzed in this study, the low
resolution of mitochondrial control region data, and the unequal population datasets used
for comparisons, these Fst results might not reflect the real genetic relationships between
the compared historical populations, and as such no further interpretations and conclusions
can be drawn from this data.
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Figure 3. Levelplot of the linearized Slatkin population differentiation (Fst) values and significant
p-values. Lower left corner: significant p-values (<0.05) are indicated in red. Upper right corner:
larger Slatkin Fst values indicating greater genetic distances are marked by dark blue shades. The
exact Fst and p-values are given in Table S5.

The PCA plot based on mtDNA haplogroup frequencies of modern Eurasian pop-
ulations shows a fair separation of Asian and European populations along the first two
components (explaining 40.66% variance) (Figure 4). The present-day European popula-
tions are more closely grouped in comparison to the Asian populations which are more
dispersed. Apart from the populations originating in Northern Europe which seem to be
more densely associated, no other apparent geographical grouping can be identified among
European populations. The analyzed population from Transylvania is located on the verge
of the European populations’ cluster on PC2 and has a higher genetic affinity to some Slavic
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populations (Ukraine and Slovakia) and modern populations of the Baltic region (Finland,
Latvia, and Estonia) than to the others. Most probably, the association of the Feldioara
population to the Northern European ones, particularly to modern Finns, is promoted
by the relatively high frequency of U lineages in the maternal genetic composition of the
investigated group, also present in notable proportions in northern Fenno-Scandinavia and
the East Baltic region [66].
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The medieval Feldioara population showed significant differences (p < 0.05) from
two modern populations located in Central Asia (Kazakhstan and Kyrgyzstan), while the
lowest genetic distances were observed relative to contemporary Slavic populations, mainly
from Eastern Europe (BLR, SVK, UKR, LTU, and RUS). The calculated Fst values between
pairs of populations and their corresponding p-values, along with reference population
information are given in Table S6. The output of the genetic distance analysis was plotted
by a MDS (Figure 5). The distribution pattern of modern Eurasian populations reflected by
the MDS plot resembles the image of the PCA as most of the European populations are
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closely grouped, whereas the Asian ones are more scattered along the first two coordinates.
The cROU_med is placed in the proximity of modern Romanians from Transylvania and
of its two adjacent historical regions of Romania (Wallachia and Moldavia). In contrast,
the present-day population from Dobruja, the most geographically distant territory from
Transylvania, is less genetically connected to the population investigated in this study.
However, the genetic distances between the investigated population and modern Eurasian
populations do not allow for unequivocal conclusions as the resulting configuration is
sketched only by a partial marker in the genome and is influenced by the low sample size
of Feldioara group.
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Figure 5. MDS plot of the investigated population (cROU_med) and modern Eurasian populations. The MDS plot was
performed using linearized Slatkin Fst values, detailed in Table S6. Stress value is 0.1085145.

4. Conclusions

To gain insights into the genetic relatedness of a Middle Age population of central
Romania, we have successfully investigated the mtDNA of 13 individuals excavated from
the 12th–13th century necropolis of Feldioara. All 13 individuals analyzed in this study
display a different mitochondrial lineage, reflecting a lack of close maternal relationships,
even between individuals interred closely by one another. This kind of diversity may
characterize a relatively recently established group, with high input of individuals with
different geographic origins. West Eurasian haplogroups (H, HV, J, I, U4, and U5) dominate
among the sampled individuals, the exception being haplogroup C. Based on available
published data, the C4a2 variant identified in one Feldioara sample, can be ultimately
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traced to the Eastern Asian Bronze Age. A possible scenario of the influx of this lineage into
Feldioara might be related to the arrival of Hungarian conquerors in the Carpathian Basin
at the end of the 9th century. The population genetic comparisons performed in this study
potentially reveal some connections to other historical or modern Eurasian population,
but these relations should be treated with care due to the low resolution of the emerging
pattern shaped by the low samples size and the use of a partial mtDNA genomic marker.
A much more complex and accurate picture of ancestry for the Transylvanian region might
be provided by future genome-wide studies and increased number of samples.

Supplementary Materials: The following are available online at https://www.mdpi.com/2073-442
5/12/3/436/s1, Figure S1: Overview of graves distribution within Feldioara necropolis (simplified
from [14]), Table S1: MtDNA profile of the researchers, Table S2: Samples—processing details,
Table S3: MtDNA profile of the investigated samples, Table S4: MtDNA haplogroup frequencies
used for PCA with 21 historical populations, Table S5: Fst values, p-values and Slatkin Fst matrix of
the 21 historical populations, Table S6: Fst values, p-values and Slatkin Fst matrix of the medieval
population from Feldioara and modern Eurasian populations.
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