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Abstract 

Background. The mitochondrial DNA (mtDNA) of modern-day Lithuanians has been previously 
studied, and ancient samples have provided insights into earlier populations; however, a 
comprehensive temporal analysis of haplogroup variation across Lithuanian history remains limited. 
Therefore, this study investigates the mtDNA haplogroup landscape during the Iron Age compared 
to the new mtDNA modern data from Lithuania. Methods. Remains of individuals from the Roman 
(n = 29), Migration (n = 48), and Viking (n = 24) periods spanning Eastern, Central, and Western 
Lithuania were processed using protocols from Witas et al. (2015). For the modern-day Lithuanian 
population sample (n = 279), DNA was extracted from venous blood and mtDNA sequenced (352x 
coverage). Haplogroups were assigned using 36 loci with Haplogrep v2. Results. Fourteen distinct 
haplogroups in the Iron Age group were identified. Haplogroup H consistently dominated across all 
periods. The L haplogroup, present during the Roman and Viking periods, was not found in the 
modern-day Lithuanian population. Despite temporal variation, the top three haplogroups remained 
relatively stable (H, U, T). Conclusions. mtDNA haplogroup variation landscape over time reveals 
both persistence and transformation in haplogroup composition. And while haplogroup H remained 
stable, haplogroup L vanished over time, confirming a dynamic population history. Together with 
previous ancient mtDNA studies, our results show an influx of haplogroup H into the territory of 
present-day Lithuania in the late Bronze Age and the early Iron Age. 

Keywords: mtDNA; haplogroup; population; Roman period; migration period; Viking period; iron 
age; Lithuania 
 

1. Introduction 

The current Lithuanian territory was a kind of a crossroad during the ages [1] and experienced 
many perturbations starting from the arrival of the first hunter-gatherers after the last glacial period. 
It witnessed many sociodemographic processes that are reflected in the contemporary population. 
Mitochondrial DNA (mtDNA) is important not only in cellular organismal functions and all four 
disease groups [2], forensic science [3], but also as evidence for maternal ancestry and population 
history [4]. Population migration before and after the last glacial maximum, both to and from refuges 
in Central, Southwestern, and Southern Europe, has influenced the current European gene pool [5]. 
Population mtDNA studies have expanded from Hypervariable Region I (HVRI) and/or II (HVRII) 
to the determination of the entire mtDNA sequence [4] in the analysis of population genetic structure 
and its similarities (or differences) to other populations [4,6]. Tracing mtDNA variation change across 
time and space can help in recreating some of the migration, admixture, and/or social practices. There 
were previous aĴempts to characterise the contemporary Lithuanian population using mtDNA 
markers. Kasperavičiūtė D. and others [7] examined the mtDNA HVRI region of 180 individuals from 
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the Lithuanian population. There were 76 variable regions and 95 different haplotypes defined. The 
genetic diversity and average pairwise differences identified were close to the estimates for other 
European populations, while the Lithuanian population itself was found to be homogeneous, close 
to Slavic (Russia, Poland) populations, and aligned between the Finno-Ugric populations of Northern 
Europe (Estonia, Finland) and the Indo-European populations of Western Europe. The most common 
haplogroups characteristic of European populations accounted for 97% of the Lithuanian population 
studied [7]. Based on the distribution of mtDNA haplogroups, Kushniarevich A. and others showed 
that the Lithuanian population falls in the same cluster as the Polish, Ukrainian, Russian, and 
Belarusian populations, whereas Estonian, Czech, Slovak, and Balkan populations remain distant 
from the Eastern European population group [8]. Uktverytė I., in her doctoral thesis, analysed 267 
complete sequences of mtDNA from the modern-day Lithuanian population and confirmed 
previously shown Lithuanian population clustering between Slavs and Middle/Near East 
populations [9]. The interpopulation genetic difference between West and East ethnolinguistic 
groups of the Lithuanian population was found and explained by the distribution of the two main 
(H and U) and the other (A, HV, I, J, K, M, N, T, V, W) phylogenetic lineages. The phylogenetic lineage 
U was suggested to be dominant in the first inhabitants of the modern-day territory of Lithuania and 
then replaced by newcomers who carried the phylogenetic lineage H [9]. 

Compared to the systematic modern-day Lithuanian population mtDNA studies, ancient 
material analyses from the territory of modern-day Lithuania were sparse. Initial findings [10] on the 
study of mtDNA of four Stone Age individuals from the territory of modern-day Lithuania confirm 
previous suggestions about the first people in the territory of Lithuania having haplogroup U lineage: 
the study found one individual representing U4 and three individuals U5 haplotypes [11–13]. The 
limited number of analysed individuals is indicative of the rarity and poor preservation state of the 
Stone Age materials from the territory of modern-day Lithuania. Due to cremation practices in the 
region, the preservation of material suitable for genetic analysis is no beĴer in the Bronze Age. Thus, 
we reinitiated further mtDNA study on 132 Iron Age (IA) samples to fill the knowledge gap regarding 
the structure and spatial-temporal variation of maternal ancestry in modern-day Lithuania. We 
compared the diversity and variation of mtDNA haplogroups in the IA (represented as Roman, 
Migration, and Viking periods) and the modern-day samples, at the same time contributing with 
previously unpublished 279 mtDNA complete sequences for the modern-day Lithuanian population, 
as well as mtDNA HVRI genotypes of 36 loci of 101 IA individuals from the territory of modern-day 
Lithuania. Our analysis showed a variation in the diversity of haplogroups over time (with the 
presence of the most exotic L4b2, B2m, and B4 haplotypes in the IA and a wide spectrum of regional-
like haplogroups in the modern-day Lithuanian population), with a stable prevalence of H and U as 
major haplogroups through the IA and modern times in the territory of modern-day Lithuania. 

2. Materials and Methods 

2.1. Iron Age Sample Group 

A total of 132 individuals from the IA were sampled for the study. The selection of individuals 
was determined by the state of preservation and their potential to provide a balanced representation 
of both region and period. At least two teeth from each individual were selected for research. The 
chosen teeth showed minimal to no dental wear and did not have any carious lesions that could 
potentially impact the results. Therefore, the preference was for all teeth available with minimal 
damage. 

The selected individuals originate from the present-day Lithuania’s western, central, and 
northern regions and represent different chronological phases (Figure 1). Although the southern and 
eastern regions are not included in this study, the spatial and temporal coverage of the sampled 
material can broadly represent this research. The three key historical phases – the Roman, Migration, 
and Viking Ages – were selected as each contributing distinctive ways to developing social 
organization, technological innovation, and cultural exchange processes whose impact remains 
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evident in today’s European history. Considering some differences in these three time periods, 
especially burial traditions and social stratification, the individuals selected for this study did not 
stand out in the archaeological general context. 

 
Figure 1. Map with the Iron Age (IA) sample sites from the territory of modern-day Lithuania, sample group 
sizes, and archaeological dating. Circle sizes denote sample group size and circle colours denote the IA time 
periods. 

The sex and age at death of the individuals were determined using standard methods outlined 
by Buikstra and Ubelaker (1994) [14]. Sex was assessed based on the morphology of the skull and 
pelvis. For non-adults, age was evaluated based on dental and overall skeletal development, while 
for adults, the primary method used was the examination of the pubic symphysis, when available 
[15,16]. Other skeletal indicators for aging included the changes of the sternal end of the ribs, the 
auricular surface of the pelvic bone, general degenerative changes in the skeleton, including the 
closure of skull sutures, and dental wear [17–19]. The individuals were grouped into three age 
categories: young adults (18–34 years), middle adults (35–49 years), and older adults (≥50 years). 
Some overlaps between age groups and age categories were noted, i.e., individuals who fell within 
the 30–39 years age range were interpreted as “middle adult”, for skeletal maturity was already 
reached [20] (Table S1 in Supplementary Materials). 

mtDNA was extracted and genotyped according to the protocols described previously in Witas 
et al. [21]. 

2.2. Modern-Day Lithuanian Sample Group 

The modern-day Lithuanian sample group consisted of 279 unrelated individuals’ samples 
throughout Lithuania. Individuals reported at least three generations of Lithuanian descent. Thus, 
we address this modern-day sample group as the group of the general Lithuanian population. 

Venous blood samples (and DNA extracts) were collected in 1994–1995 and during the LITGEN 
project (VP1-3.1-ŠMM-07-K-01-013) in 2011–2013. 

Genomic DNA was extracted from blood using either a phenol–chloroform extraction method 
or an automated nucleic acid purification protocol following manufacturers’ guidelines (Freedom 
EVO® Nucleic Acid Purification Workstation, PROMEGA kit “MagneSil® Genomic, Large Volume 
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System”). The quality and quantity of purified genomic DNA were evaluated spectrophotometrically 
(NanoDrop® ND-1000 Spectrophotometer). 

Multiplex sequencing on the Illumina GAII platform after in-solution capture enrichment was 
used to obtain complete mtDNA genome sequences with an average of 352-fold coverage depth (at 
the Department of Evolutionary Genetics, Max Planck Institute for Evolutionary Anthropology 
(Leipzig, Germany)). 

To perform the analysis of this sample group, ethical approval from the Vilnius Regional 
Research Ethics CommiĴee was obtained (No. 158200-05-329-79, date: 2011-05-03). 

The dataset of complete mtDNA sequences from the modern-day Lithuanian population is 
deposited in the NCBI SRA database, accession number... Accession numbers will be provided 
during review upon acceptance of the publication. 

2.3. MtDNA Data Analysis Methods 

This study used 36 loci in the mtDNA HVRI (within the range of 16126–16320). MtDNA HVRI 
positions were aligned relative to the revised Cambridge Reference Sequence (rCRS) (NC_012920) 
[22] (Table S2 in Supplementary Materials). 

For the modern-day Lithuanian sample group, complete mtDNA sequences were generated 
with the nf-core/eager pipeline (v2.5.2) [23]. FASTQ files were pre-processed by removing adapters 
and bases with quality lower than 20 and reads shorter than 30 bp using AdapterRemoval (v2.3.2). 
DNA sequences were aligned to rCRS using the BWA-MEM algorithm (v0.7.17-r1188). Duplicated 
sequences were removed using DeDup (v0.12.8). The variants were called using GATK 
UnifiedGenotyper (v3.5-0-g36282e4), and consensus FASTA sequences were generated via 
VCF2Genome (v0.91). The complete sequences were used to assign haplotypes. For further 
phylogenetic and population genetic analyses, modern-day Lithuanian mtDNA data were reduced 
to the aforementioned 36 loci in HVRI for adequate comparison with the IA mtDNA data. 

2.3.1. Haplotype Classification 

Haplotypes were assigned using HaploGrep 2 with the PhyloTree v17 Forensic Update 1.0 [24]. 
MtDNA HVRI 36 loci and complete mtDNA sequences were used for haplotype classification of 
ancient and modern-day Lithuanian samples, respectively. Haplogroups of IA samples are provided 
in Tables S2 and S3 and haplotypes of modern-day samples in Table S4 in Supplementary Materials. 

2.3.2. Statistical Analysis 

Statistical analyses were performed using R software (v4.4.2) [25]. A p-value less than 0.05 
indicates a statistically significant result. 

Haplogroup distribution pie charts were created using the R package ggplot2 (v3.5.1). Fisher’s 
exact test with 10,000 replicates from the R package stats (v4.4.2) was used to compare haplogroup 
distribution spatially and temporally. 

2.3.3. Phylogenetic and Population Genetic Analyses 

The temporal change of Lithuanian population mtDNA diversity across the three IA periods 
and modern times in Lithuania was further explored through phylogenetic and genetic variation 
analysis. 

Median-joining networks [26] were performed and visualized using PopART (v1.7) with default 
parameters [27]. 

For genetic differentiation, we estimated pairwise Fixation index (FST) [28] (bootstrap 1,000, 95% 
CI) using the StAMPP R package (v1.6.3). 

For further population differentiation analyses, pairwise Hamming distances between samples 
were calculated using the ape R package (v5.8.1). Analysis of Molecular Variance (AMOVA) was 
used to assess inter- and intra-population genetic diversity [29]. AMOVA with 10,000 permutations 
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was performed using the pegas R package (v1.3). Classical Multidimensional-scaling (MDS) [30] 
based on pairwise differences was constructed using R packages stats and ggplot2. 

A comparative analysis with other European populations was performed by assembling a 
dataset from publicly available data [31,32], the NCBI database [33–40], and the 1000 Genomes Project 
[41]. The used data and the references are described in Table 1. The acquired data were reduced to 
the aforementioned 36 loci in HVRI for adequate comparison with the IA mtDNA data. The 
comparative dataset was used for FST and MDS analyses. 

Table 1. Abbreviations and sources of the data used in this study. n – sample size. 

Abbreviation Country n Reference 
Roman Lithuania 29 

This study 
Migration Lithuania 48 

Viking Lithuania 24 
LTU Lithuania 279 
LVA Latvia 114 

Lappalainen et al. 2008 [31] EST Estonia 117 
SWE Sweden 307 
UKR Ukraine 566 Pshenichnov et al. 2013 [34] 
CZE Czech 94 

Kushniarevich et al. 2015 [33] BLR Belarus 260 
RUS Russia 518 
GBR England 142 

Helgason et al. 2001 [35] 
NOR Norway 323 
ROU Romania 433 Cocoş et al. 2017 [36] 
POL Poland 196 Piotrowska-Nowak et al. 2023 [37] 
HRV Croatia 488 

Šarač et al. 2014 [32] 
BIH Bosnia and Herzegovina 369 
SVN Slovenia 97 
SRB Serbia 81 
GRC Greece 319 Irwin et al. 2008 [38] 
CYP Cyprus 91 
ITA Italy 191 Modi et al. 2020 [39] 
ITA Italy 50 

1000 Genomes Project (Auton et al. 2015) 
[41] 

FRA France 53 
NGA Nigeria 25 

3. Results 

After data quality control, 101 out of 132 sampled IA individuals from archaeological sites in the 
territory of modern-day Lithuania were used. 

3.1. Haplogroup Distribution 

The 101 mtDNA samples from IA from the territory of modern-day Lithuania (the range of 
16126–16320 relative to rCRS) were classified into 34 haplotypes and 9 haplogroups using Haplogrep 
2 [24]. For the modern-day Lithuanian population, the complete mitogenome data from 279 samples 
were classified into 142 haplotypes and 12 haplogroup phylogenetic lineages. Haplogroup H was the 
most frequent in the three IA periods – Roman (59%), Migration (56%), and Viking (42%) – and in the 
modern-day Lithuanian population (46%) (Figure 2). Haplogroup U is the second most frequent in 
the Migration, Viking, and modern-day Lithuanian groups (17–21%). In the Roman period sample 
group, haplogroup T was the second most frequent (14%). Differences in 14 haplogroup frequencies 
between all four time periods were significant (Fisher’s exact test with 10,000 replicates, p = 0.01). 
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Figure 2. Diversity and distribution of determined mitochondrial DNA (mtDNA) haplogroups in the IA and 
modern-day Lithuanian populations. IA samples were divided into the Roman, Migration, and Viking groups 
based on archaeological dating. Numbers around the pie charts represent haplogroup counts, n – sample group 
size. 

We compared the haplotype distribution of the most diverse haplogroups H and U among the 
IA and modern-day groups. Haplogroup H had the greatest variety of haplotypes (15 in the IA group, 
41 in the modern-day Lithuanian group; 54 overall, including overlapping haplotypes). Haplogroup 
U was the second most diverse (6 haplotypes in the IA group, 27 in the modern-day Lithuanian 
group; 31 overall including overlapping haplotypes). 

To check the temporal mtDNA haplogroup variation association with space, we divided the IA 
period and modern-day Lithuanian population samples by their geographic location into Western 
(Žemaitija), Central (Western and Southern Aukštaitija), and Eastern (Eastern Aukštaitija) regions. 
IA samples from the Western region had the highest diversity of haplogroups overall (7 vs. 6) and 
haplogroups I and J were absent in the Central and Eastern parts. The Central region had the highest 
frequency of haplogroup H (63% vs. 50%). The Eastern region had the highest frequency of 
haplogroup U (21% vs. 15%) (Figure 3). Modern-day samples from the Western and Central regions 
had the highest diversity of haplogroups overall (11 vs. 8). Fisher’s exact test (10,000 replicates) 
revealed no significant difference between haplogroup distributions between geographic regions in 
IA or modern-day Lithuanian population samples (p > 0.05). 
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Figure 3. Diversity and distribution of determined mtDNA haplogroups during the IA and modern-day in the 
Western, Central, and Eastern regions of Lithuania. Numbers around the pie charts represent haplogroup 
counts, n – sample group size. 

To examine the exact period during which haplogroup diversity increased, we looked at 
haplogroup frequency change in Western, Central, and Eastern Lithuania across three IA periods 
(Figure 4). Fisher’s exact test (10,000 replicates) revealed no significant differences in haplogroup 
distributions across geographic regions during the Roman, Migration, or Viking periods (p > 0.05). 
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Figure 4. Diversity and distribution of determined mtDNA haplogroups across the Western, Central, and 
Eastern regions of Lithuania during the Roman, Migration, Viking (Iron Age) periods, and modern-day. 
Numbers around the pie charts represent haplogroup counts, n – sample group size. 

3.2. Phylogenetic Analysis 

Phylogenetic analysis of IA mtDNA was carried out to examine variation distribution among 
samples and across the Roman, Migration, and Viking periods (Figure 5). Most of the IA samples are 
identical and classified as H haplogroup (H2a2a1) (Table S2 in Supplementary Materials). Haplotype 
network displays higher mtDNA diversity among the Migration and Viking period samples. The 
divergence of the haplotypes of samples from the Roman and Viking periods suggests a change in 
mtDNA variation in the IA. The Viking period samples tend to deviate from the Roman or Migration 
periods. The Migration period haplotype visualization in both star-like, square, and crisscrossing 
shapes implies higher mtDNA diversity (Figure S3 in Supplementary Materials). 

 

Figure 5. Median-joining haplotype network of mtDNA Hypervariable Region I (HVRI) region loci (range 
16126–1320) generated using PopART (v1.7). Circle sizes denote number of samples assigned to each haplotype. 
Colours denote IA time periods. Black strikes represent number of nucleotide differences between samples. 

3.3. Population Genetic Analysis 

The pairwise FST between the Roman, Migration, Viking, and Modern-day Lithuanian 
population groups revealed no significant differentiation in between different time periods (p > 0.05 
between all pairs). We observed low genetic differentiation between the Migration and Viking sample 
groups (FST = 0.016) and between the Viking and Modern Lithuanian populations (FST = 0.015) and no 
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genetic differentiation between the Roman group and the other groups, as well as between the 
Migration group and the modern-day Lithuanian population (FST < 0) (Figure 6). Similarly, low 
differentiation was detected by including the modern European population data, with FST values 
remaining below 0.1 (Table S7 in Supplementary Materials). However, the 36 loci were able to 
differentiate an outgroup African population (Yoruba, Nigeria) from European populations, 
including the Lithuanian IA, with FST values ranging from 0.26 (Roman group) to 0.36 (Bosnia and 
Herzegovina), and the differences were statistically significant (p < 0.05 for all populations). 

 
Figure 6. Fixation index (FST) values for pairwise-comparison between the IA groups and modern-day 
Lithuanian population. 

For the following genetic analyses, we calculated hamming/pairwise distances using 36 loci from 
the HVRI region of mtDNA (range 16126–1320). 

We carried out AMOVA to assess the genetic variation proportion (Table 2). Most of the genetic 
variation is determined within populations (96–99%). There were statistically significant differences 
found between Iron Age groups and Iron Age groups vs modern-day Lithuanian population (p < 
0.05). 

Table 2. Comparison of Analysis of Molecular Variance (AMOVA) results between a) the IA samples separated 
into the three periods based on archaeological dating, b) the IA samples as one group the modern group, and c) 
the IA samples separated into the three periods with modern group. Statistical significance p-value < 0.05. 

Sources of variation 
Estimated  

variance (σ2) 
Proportion of 
total variance 

Phi-statistic p-value 

a) Roman, Migration, and Viking groups 
Between groups 0.290 3.7% 0.037 0.039 
Within groups 7.612 96.3%   

Total 7.902 100%   
b) IA and modern-day Lithuanian population 

Between groups 0.049 0.7% 0.007 0.102 
Within groups 7.147 99.3%   

Total 7.196 100%   
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c) Roman, Migration, Viking groups and modern-day Lithuanian population 
Between groups 0.163 2.2% 0.022 0.015 
Within groups 7.095 97.8%   

Total 7.258 100%   
We implemented MDS to discern mtDNA nucleotide diversity in the Lithuanian region 

populations during the IA. We generated MDS with 95% confidence ellipses to visualize the 
dispersion of the data in each group (Figure 7). Data points outside the confidence intervals are the 
samples classified into haplogroups L, T, B, and haplotype U5a1. 

 
Figure 7. Multi-dimensional scaling (MDS) of hamming distances between the IA samples from Lithuania. 
Hamming distances calculated using the 36 loci from the HVRI region of mtDNA (range 16126–1320). 

The inclusion of modern-day Lithuanian population group reveals mtDNA loci diversity 
similarity to the Migration group (Figure 8). The overlap of confidence ellipses and sample projection 
along the first dimension implies comparable mtDNA diversity paĴerns during the Migration period 
and today. Multiple outliers in the modern-day Lithuanian population indicate higher mtDNA 
diversity introduced into the Lithuanian population through the maternal lineage since the IA. 
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Figure 8. MDS of hamming distances between the IA and modern-day samples from Lithuania. Hamming 
distances calculated using the 36 loci from the HVRI region of mtDNA (range 16126–1320). 

We projected the analysed mtDNA loci of other modern-day European populations on the MDS 
plot for further study of the mtDNA diversity of the IA population group from the modern-day 
territory of Lithuania (Figure 9). The Migration period mtDNA diversity followed a similar paĴern 
to modern-day European population mtDNA diversity, whereas the Roman and Viking period 
mtDNA diversity overlapped. Moreover, the Viking group MDS projection exhibits higher genetic 
diversity than the other Lithuanian IA groups or modern-day European populations. 
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Figure 9. MDS of hamming distances between the IA and modern-day Lithuanian population samples from 
other European populations and Nigeria. Hamming distances calculated using the 36 loci from the HVRI region 
of mtDNA (range 16126–1320). 

4. Discussion 

Modern-day Lithuanian population’s mtDNA was extensively studied using different 
techniques and methods. However, ancient material mtDNA studies from modern-day Lithuanian 
territory were fragmented, and started with the oldest material from the Stone Age [11]. It was shown 
that the major mtDNA haplogroup lineage was U (Spiginas4, Kretuonas1, 2, and 3). But another study 
complemented with the Stone and Bronze Age individual mtDNA data from the territory of modern-
day Lithuania by showing the H haplogroup presence, in addition to K, I, W, and T [12]. Our results 
show dominance of the H haplogroup during the IA, with the highest frequency in the Roman period 
(59%) and 46% in modern-day Lithuania (Fisher’s exact test with 10,000 replicates, p > 0.05). This 
aligns with the results of previous findings of recent admixture of Western Hunter-Gatherers and 
Eastern Hunter-Gatherers with the haplogroup H presence before arrival of the Neolithic farmers 
[12]. Our study suggests that in the territory of the present-day Lithuania, the H haplogroup influx 
could have appeared during the Late Bronze Age and the Early IA. 

Haplogroup phylogenetic lineage U is the second most common in all groups, except for the 
Roman period, with the highest frequency in the Migration period (21%). In the Roman period, 
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haplogroup U was found to be the third most common (11%) after the T haplogroup being the second 
most common in the Roman period (14%). Haplogroup T is the third most common in the Migration 
group and modern-day Lithuanian population, and it is the fourth most common in the Viking period 
(8%). Haplogroup L was the third most common haplogroup in the Roman (10%) and Viking (13%) 
periods, and its frequency was found to be lower in the Migration period (2%). Most of the 
individuals with the L haplogroup phylogenetic lineage belong to the non-African L3 haplogroup; 
meanwhile the L4b2 haplotype was assigned for the PLI044 individual from Plinkaigalis (Central 
Lithuania), dated to the Migration period (5th–6th c. CE). The haplotype L4b2 is old and of African 
origin [42]. The presence of haplogroup L in the territory of modern-day Lithuania in our IA samples 
is a unique finding, as it was not reported, to our knowledge, contemporaneously elsewhere in the 
Baltic region. Interestingly, in the samples dated to the Migration period, we observed another two 
haplotypes, B4 and B2m, which are not ordinary to the region analysed and indicate Asian ancestry 
[43]. Despite atypical haplogroups L4 and B, the burial customs of these individuals were not 
exceptional rather analogous to those of other individuals from the same archaeological sites. The 
unexpected findings of haplogroups L and B could be showing a random movement of people during 
the Migration period through the territory of modern-day Lithuania. 

K and I haplogroup distribution were similar in frequency and remained stable from the IA till 
today (2–3%), except for the increase during the Viking period (8%). J haplogroup, found only in the 
Migration period (4%) over the IA group and at moderate frequency (6%) in the modern-day 
Lithuanian population. Similarly, the V haplogroup was found only in the Viking period (4%) and in 
the modern-day Lithuanian population (6%). Haplogroups A (0.4%), HV (3%), N (3%), and W (4%) 
are at low frequencies in the modern-day Lithuanians and are unidentified in the IA samples. 

The mtDNA haplogroup distribution paĴern in different regions of the modern-day Lithuania 
reveals a consistent increase in diversity since the Migration period (except for the Eastern region, 
regarding a small sample size), showing constant admixture over time. Since the IA, the mtDNA 
structure of the population in the territory of the modern-day Lithuania marginally changed, as 
indicated by 3.7% of genetic variation between the Roman, Migration, and Viking periods (p = 0.04). 

Dimension reduction into two dimensions revealed no sample clustering, indicating continuity 
of mtDNA diversity in the IA Lithuania. Nevertheless, MDS reveals a slightly distinct distribution of 
the Migration period samples. In contrast to the Roman and Viking groups, the Migration group’s 
mtDNA loci variation is explained by the second dimension. Tighter confidence ellipses representing 
the Migration group are possibly aĴributed to the larger sample size (48 vs. 24 and 29). MDS revealed 
that the Roman, Migration, and Viking periods’ mtDNA diversity in the territory of modern-day 
Lithuania followed a similar paĴern to today’s European population mtDNA diversity, which 
corresponds with other studies [44,45]. 

Despite the universal problem regarding the sparse (and in a way 
accidental/opportunistic/random) ancient samples representation of the periods and populations 
[46,47], there might be some other limitations regarding this study. First of all, the determination of 
the H2a2a1 haplotype might be affected by rCRS reference bias. We performed haplotype assignment 
based on the 36 loci within the HVRI (16126–16320), and we cannot exclude the possibility that 
genotyping of additional loci would allow for a more precise haplotype assignment. However, the 
HVRI (as well as HVRII) is hypervariable and contains more variation than other parts of the mtDNA 
and is suitable for recent genetic variation structure analysis. 

Also, the Viking period sample group does not include samples representing the central 
Lithuanian territory, which might have affected the result of the haplogroup diversity and 
distribution of the period. 

To obtain finer-scale genetic data for further analysis, considering new technologies and 
possibilities, additionally, we plan to perform next-generation sequencing to retrieve as much data 
as possible from the same amount of the sample. Moreover, we plan to continue studying temporal 
genetic structure change in the Lithuanian region by expanding the sample size and including further 
time periods. 
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Overall, it seems that looking at the variation of mitogenomes over time, genetic structure in the 
individuals of the territory of modern-day Lithuania experienced some random fluctuations and 
gained more diversity but remained stable with the dominance of haplogroups of H and U 
phylogenetic maternal lineages, which falls into the context of the European landscape. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

BIH Modern-day Bosnia and Herzegovina 
BLR Modern-day Belarus 
CYP Modern-day Cyprus 
CZE Modern-day Czech 
EST Modern-day Estonia 
FRA Modern-day France 
FST Fixation index 
GBR Modern-day England 
GRC Modern-day Greece 
HRV Modern-day Croatia 
HVRI Hypervariable Region I of mtDNA 
HVRII Hypervariable Region II of mtDNA 
IA Iron Age 
ITA Modern-day Italy 
LTU Modern-day Lithuania 
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LVA Modern-day Latvia 
MDS Multi-dimensional scaling 
mtDNA Mitochondrial DNA 
NGA Modern-day Nigeria 
NOR Modern-day Norway 
POL Modern-day Poland 
rCRS Cambridge Reference Sequence 
ROU Modern-day Romania 
RUS Modern-day Russia 
SRB Modern-day Serbia 
SVN Modern-day Slovenia 
SWE Modern-day Sweden 
UKR Modern-day Ukraine 
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