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Subhaplogroup R0a
The frequency distribution of subhaplogroup ROa suggests the direction of migrations of the

carriers of this lineage from the Near East towards the South European peninsulas (Figure 1 and
Table S3). The regions with the most haplotypes (Hp) belonging to subclade ROa were the Near
East and Africa followed by the Apennine and Balkan Peninsulas (Table S2). On the other hand,
the highest haplotype diversity (HD) parameter was detected in the Apennine Peninsula followed
by the Near East (Table S2). Interestingly, high values of this parameter were also detected in
Africa and the Balkan Peninsula. These results indicate that the migration routes from the Near
East to Europe went through the Apennine and the Balkan Peninsulas. The lowest value for the
random match probability parameter (RMP) was detected for the Near East and the Apennine

Peninsula (Table S2), suggesting that these regions are the most diverse.

The ancestral HVS-I/HVS-II haplotype from which the haplotype detected in the Serbian
population (98 _Sb) diverges was found in 22 individuals mainly originating from the Balkan (nine
individuals) and the Arabian Peninsula (seven individuals), but also from Central Europe (three
individuals), the Apennine and the Iberian Peninsulas, and Northern Africa (one individual each)
(Figure 2 and Table S3). This group of haplotypes differs from a more frequent ROa ancestral
haplotype by a transition at np 152. The ancestral ROa haplotype that gave rise to 98 Sb and other
haplotypes positioned in its branch is present in the Balkan Peninsula and other European regions,
even though it is the most frequent in the Near East suggesting that the ancestral HVS-I/HVS-II
haplotypes of the one detected in sample 98 Sb were most likely present in Southern Europe
before it diverged 1.54-1.8 kya. These ancestral haplotypes could have arrived in the Balkan
Peninsula during the Hellenistic period after Alexander the Great’s conquests, or the Roman
Empire’s period when this part of Europe was under the strong influence or direct control of
ancient states. Interestingly, the highest frequency of subhaplogroup R0a can be detected on the
territory of modern-day Greece (Figure 1 and Table S3).

Subhaplogroup Nla

The frequency distribution of subhaplogroup Nla in modern-day populations of Europe and the
Near East supports the findings that it arrived in Europe during the Neolithic expansion (Figure 1,
Table S4). According to our data, the highest HD values were detected in Asia and the Near East
(Table S2). Additionally, the highest values for the parameters nucleotide diversity (ND) and the



mean number of pairwise differences (MPD) were detected for the Apennine Peninsula, Asia, and
the Near East, which shows that haplotypes detected in these regions were more diverse among
themselves than the haplotypes in other regions for which we have detected similar HD values.
The Balkan Peninsula has somewhat lower ND and MPD values than the previously mentioned
regions (Table S2). The lowest RMP value was detected for the Near East, followed by Central

Europe and the Balkan Peninsula (Table S2) suggesting these regions are the most diverse.

The HVS-I/HVS-II haplotype found in sample 154 Sb was identical to 21 haplotypes detected in
Eastern Europe (three haplotypes from Russia and Estonia each), Northern Europe (five from
Finland and one from Denmark), Central Europe (two from the Czech Republic and one from
Slovakia), and the Balkan Peninsula (four from Bulgaria), as well as one from Asia and one ancient
haplotype from Bulgaria (BM 36, [1]) dated to the Early Bronze Age (Table S4, Figure 3). The
presence of this HVS-I/HVS-II haplotype in the Balkan Peninsula during the Bronze Age suggests
that it could have arrived during the Bronze Age migrations of the Yamnaya herders [1,2].
Interestingly, the haplotype detected in the ancient sample HAL4 from Germany [2] dated to
around 5 kya, which differs from the 154 Sb haplotype by a transition at np 152, suggests that
these lineages were already present in Central Europe during the Neolithic. It is possible that some
of the 16,147A branch lineages arrived in the Balkan Peninsula during the Neolithic expansion

and later during the Bronze Age migrations of the carriers of Yamnaya culture.

Using complete mitogenomes to reconstruct the phylogeny of subhaplogroup Nla we have
identified three new subclades: Nlalalalb, Nlalalalc, and Nlalalald. The estimated age of the
subclade Nlalalalbis 2.71 ky and it clusters haplotypes from Serbia (242 _Sb) and Russia (Figure
S2). Subclade Nlalalalc consists of haplotypes from Slavic populations (Russian, Polish, and
Croatian) with an estimated age of 1.35-2.31 kya (Figure S2). The Nlalalald subclade contains
haplotypes from Estonia and Poland with the proposed age of 7.33-10.51 kya. Three haplotypes
from ancient remains are classified into the N1alalal subclade as well: Anc4 [3] and LHSZ27B
[4] both excavated in modern-day Hungary, and RISE391 excavated in Kazakhstan [5]. The grave
of the sample Anc4 was dated to the mid-10" century of the Common Era (CE) and was typical of
classical Hungarian conquerors who arrived in the Danube basin at the end of the 9" century CE
[6]. These people were known as Magyars and originally came from the region around the Ural

Mountains [6]. The sample LHSZ27B originates from the 6 century CE grave belonging to the



Longobard culture i.e., Germanic people who arrived in the territory of the Pannonian Plain during
the Migration Period [4,7]. The haplotypes of samples Anc4 and LHSZ27B differentiate from the
154 _Sb haplotype by the transitions at nps 228 and 16,195, respectively (Figures 3 and S2). The
HVS-I/HVS-II haplotype identical to the LHSZ27B sample was detected in the individual from
Northwest Germany [8] (Table S4). The haplotype found in ancient sample RISE391, belonging
to the Sintashta culture (2100-1800 BCE), differentiates from the haplotype detected in the sample
154 Sb by the transition at the np 16,189 (Figure 3 and Table S4).

Based on HVS-I/HVS-II variation, four N1la haplotypes, detected in the Serbian population are
defined by 16,147G transversion (33_Sb [9], VP87 [10], Ser 03 [11], and 232 _Sb [9]) (Figure 3,
Table S4). Within the 16,147G branch, besides the Near East and African haplotypes, we could
detect 15 European haplotypes predominantly found in the Balkan Peninsula (Figure 3). In the
Balkan Peninsula, the 16,147G branch is present mostly in the Slavic-speaking populations
(Serbia, Bosnia and Herzegovina, Croatia, and Bulgaria) and occasionally in the Greek population
(Table S4). Within the N1a phylogeographic network, one of the 16,147G haplotypes was found
in the individual who lived during the Early Bronze Age around 4 kya in the territory of modern-
day Russia near Volgograd (RISESSS, [5]). Interestingly, this HVS-I/HVS-II haplotype, defined
by a transition at the np 16,344, is identical to the one found in the Near East (Table S4 and Figure
3). Nevertheless, the phylogeny reconstruction using complete mitogenomes showed that these
two haplotypes differ from each other forming a new subclade N1ala4 defined by the transition at
np 8452 with an estimated age between 12.07-13.83 kya (Figure S3). This subclade also includes
one more haplotype from the Caucasus region suggesting that the Nlala4 subclade could have
spread into Eastern Europe through the Caucasus. Further expansion toward the Balkan Peninsula
might have occurred during the Bronze Age with the carriers of Yamnaya culture [2,5] and by
Slavic migrations during the Migration Period in the Early Middle Ages. Another possibility is
that this subclade reached the Balkans through Asia Minor, where today a 16,147G branch is the
most frequent in Europe. Afterwards, it could have spread towards Eastern Europe where it was

detected in the Bronze Age sample RISESS5S.

In the N1la phylogeographic network, a new branch that has back mutation at np 16,147 can be
identified (Serbian samples 242 Sb [9] and Nish8 [12]) (Figure 3). This branch is most common

in the populations of the Near East while in Europe it is present in the Apennine (seven haplotypes



in nine individuals) and Balkan Peninsulas (six haplotypes found in the same number of
individuals) (Table S4 and Figure 3). Interestingly, two out of three haplotypes from Central
Europe originate from Hungary and Romania which border the Balkan Peninsula while only two
haplotypes were found in Northern Europe and the Iberian Peninsula (Table S4, Figure 3).
Considering the arrival of the N1a subhaplogroup in Europe with the Neolithic package [13], this
branch might have arrived during the Neolithic expansion in Southeastern Europe (the Balkan and

Apennine Peninsula) later spreading further into the continent.
Subhaplogroup N1b

The lowest value for the parameter RMP was detected for the Near East and the Balkan Peninsula

(Table S2) suggesting that these regions are the most diverse.

Within the 16,176A branch, a HVS-I/HVS-II haplotype ancestral to the ones detected in Serbian
samples Nish9 and 143 Sb, we identified two haplotypes found in Longobard individuals who
lived in Pannonia plain in the 6" century CE (grave 22, [14] and sample LHSZ13 [4], and one in
the Bronze Age individual who lived in Southwestern Germany 2029-1892 BCE (sample
MX275MT, [15]) (Table S5, Figure 4). Two additional haplotypes in the 16,176A branch found
in ancient remains were from another Longobard individual from the 6™ century CE excavated in
the Czech Republic (LRCMUSG69, [4]) and one sample from France dated to 2463-2208 BCE
(SX32MT, [15]) (Table S5, Figure 4). Interestingly, most of the HVSI/HVS-II haplotypes of Near
Eastern origin belonging to the 16,176A branch are found in the Ashkenazi Jewish population
(Table S5 and Figure 4). Ashkenazi Jews have admixed origin and share to a great extent ancestry

with the South European populations [16-18].

Three HVSI/HVS-II haplotypes from the Serbian population that belong to the branch defined by
the transition at np 152 are further characterized by transitions at the nps 146 and 16,244 putting
them in the European branch. This branch included haplotypes mostly from Romania (11
individuals) and the Balkan Peninsula (four individuals) while one haplotype was found in

Germany and two in Sardinia (Table S5 and Figure 4).

Several new subclades were identified after phylogeny reconstruction using complete

mitogenomes: N1bla7a, N1blal0, N1blall, N1blal3, N1blal4, and N1blal5 (Figure S5).



Subhaplogroup I5

The lowest values for the parameter RMP were detected for the Balkan Peninsula and Central

Europe (Table S2) suggesting these regions are the most diverse.

HVS-I/HVS-II haplotype ancestral to the 16,391 branch with the Serbian haplotype contains a
haplotype detected in the ancient individual from the late 10" century CE excavated in modern-
day Hungary (Table S6, Figure 5). This individual (sample AnclO [3]) was identified as a
commoner ie. a member of the population who inhabited the Pannonia Plain before the settlement
of Magyar tribes in the late 9™ century CE [6]. This ancestral haplotype was also detected in the
Near East (Druze and Bedouin), the Caucasus (Armenia), Italy, the Balkan Peninsula, and North
Africa (Jews) (Table S6).

Phylogeny reconstruction based on complete mitogenomes showed that entire [5al clade clusters
haplotypes of predominantly European origin suggesting that this old subhaplogroup could have
evolved in Europe (Figure S5).

Haplogroup W

The highest values of the parameter Hp were detected in Central Europe followed by the Near
East, the Apennine, and the Balkan Peninsulas (Table S2). Most of the analyzed regions displayed
high values of parameter HD. The highest HD value was detected in the Apennine Peninsula and
the lowest value was observed in Northern Europe (Table S2). High values for the parameters ND
and MPD were detected in the Balkan and the Apennine Peninsulas, Central Europe, Asia, and the
Near East (Table S2). The lowest values for the parameter RMP were detected for Central Europe

and the Apennine Peninsula (Table S2) suggesting that these regions are the most diverse.

Subclade W1

Based on the complete mitogenome phylogeny, we identified new subclades: W1j, Wik, W11,
Wilm, and W1m (Figure S8). Newly defined subclades W1k and W1l are defined with transition
at np 143 putting them in the paragroup together with another novel subclade W1j of probable
South European origin. W1k subclade whose age estimate is between 3.39-3.46 kya clusters four

haplotypes detected in Eastern Europe suggesting that it could have evolved in this region during



the late Bronze Age. On the other hand, subclade W11 (1.97-3.46 kya) is confined to the Apennine

Peninsula (Sardinia).
Subclade Wle¢

Within subhaplogroup Wlc, we have detected HVS-I/HVS-II haplotypes found in three early
Neolithic individuals excavated in Germany belonging to Schoningen culture (SALZ 19, SALZ
20, SALZ 35, [19]), two Neolithic individuals from Funnel Beaker culture who all lived around 5
kya (poz461 and poz471, [20]) and one from the Corded Ware culture who lived around 4.5 kya
on the territory of modern-day Poland (poz483, [20]) (Table S7 and Figure S9).

Phylogeny reconstructed with complete mitogenomes allowed us to identify several new
subclades: Wilc2, Wlc3, Wlc4, Wlc5, Wlc6, and Wic7 (Figure S10). The newly defined
subclade W1c3 clusters two Polish haplotypes, one belonging to the previously mentioned Corded
Ware culture individual (poz483, [20]) (Figure S10). This aligns with the time estimate of 4.08-
4.61 kya indicating that this lineage might have evolved in Central Europe. Subclade W1c5 gathers
haplotypes found in Asia (Iran and India), while subclades W1c6 and W1c7 cluster haplotypes
from the Danish population (Figure S10).

Subclade W1h and Wlel

HVS-I/HVS-II haplotypes detected in two ancient samples were classified in the Wlel subclade
(Table S7 and Figure S7). The haplotype found in sample TU471 from Finland [21], dated 1042-
1248 CE, is ancestral to the Serbian haplotype (sample Nish4) (Figure S7). This haplotype is
presently found in Northern Europe and the Apennine Peninsula (Table S7 and Figure S7). Another
ancient haplotype (sample LE134mt, [22]) from England was dated to the medieval period (first
half of the 14™ century CE) belonging to a victim of the Black Death. It is three mutation steps
away from sample Nish4 (Figure S7).

Subclade W3

Phylogeny reconstruction based on the complete mitogenomes allowed us to identify new subclade

W3ald2 containing haplotypes from Siberia (Figure S12).



We defined several new subclades by phylogeny reconstruction using complete mitogenomes:
W3b2, W3b3, W3b4, W3b5, and W3b6 (Figure S13). Subclade W3b4 gathers haplotypes from
South Asia and most likely evolved in this region, while subclade W3b6 clusters two haplotypes

from the Near East.
Subclade W5

The frequent and widespread HVS-I/HVS-II haplotype detected in samples 27 Sb and
Brestovacl1 was also found in two individuals from Bronze Age Unetice culture who lived 3.6
kya on the territory of modern-day Germany (QLB39 and QLB41, [19]), an individual from
Yamnaya culture dated to 2882-2698 BCE found in modern-day Ukraine (poz208, [23]) and two
individuals from Southwestern Germany who lived during the Bronze Age, 2135-1961 BCE
(MX270 and MX275, [15]) (Table S7 and Figure S11).

Three new subclades were identified based on complete mitogenome phylogeny: W5c, W5d, and
W5e (Figure S14). Subclade W5c contains two haplotypes found in Central and Northern Europe
while subclade W5d also includes a haplotype from the Near East (Figure S14). Subclade W5e
clusters one haplotype from Poland and one haplotype found in the remains of the individual who
lived in the 5™ century BCE in Sardinia [24] (Figure S14 and Table S7). This finding aligns with
the age estimate of the subclade W5e which is 2.31-2.71 kya.

Subhaplogroup X2

The highest values for the ND and MPD parameters were detected in Central Europe and the
Balkan Peninsula (Table S2). The lowest value for the parameter RMP was observed in the Balkan
Peninsula which was closely followed by the Near East (Table S2) suggesting that these regions

are the most diverse.
Subclade X2

Through the phylogeny reconstruction using complete mitogenomes, we defined two new
subclades. Subclade X2q2 of probable Near Eastern origin (6.92-8.27 kya) and X2q3 of putative
South European origin (6.86-11.53 kya) (Figure S17).



Subclade X2b+226

The HVS-I/HVS-II haplotype detected in sample 36 _Sb is one of Europe’s most frequent X2b
haplotypes. It was also observed in five ancient individuals: Catalhoyuk 20374 [25], POST 84
[26], POST 85 [26], LICOL36 [4], and ESP22 [2] (Figure S18). Remains excavated in the
Catalhoyuk archaeological site in Turkey were dated to the Neolithic period between 6450 and
6380 BCE and represent the oldest remains having X2b haplotype [25]. The samples POST 84
and POST 85 belong to the ancient remains from Germany dating to the Early Bronze Age
between 2120-1928 BCE [26]. The sample ESP22, dated 2454-2291 BCE, was also excavated in
Germany and belonged to the late Neolithic Corded Ware culture [2]. LICOL36 was the youngest
of the ancient remains from the 6%-7% century CE excavated in Italy from the grave that belonged
to Longobard culture [4]. One ancient sample from Sicily, dated to the Bronze Age between 1500-
1200 BCE (T73-M73-1, [27]) has a haplotype that is only one mutation step away (transition at
the np 16,311) from the ancestral haplotype found in sample 36 Sb (Figure S18 and Table S8).

When reconstructing the phylogeny of subhaplogroup X2b using complete mitogenomes, we
observed a great number of ancient haplotypes belonging to this subhaplogroup and its subclades
(Figure S19). This analysis identified new subclades: X2b14, X2b16, and X2b18 (Figure S19).
Newly proposed subclade X2b17 clusters only the haplotypes detected in ancient remains from

Late Neolithic Switzerland, Bronze Age Sicily, and medieval England [15,22,27].

Subclade X2m’n, X2m and X2n

Phylogeny reconstructed using complete mitogenomes allowed us to identify several new
subclades: X2mla (7.88-9.22 kya), X2m2a (1.35-3.94 kya), and X2m2b (6.92-9.68 kya) (Figure
S21). Subclade X2mla seems to have a regional distribution specific to Southern Europe while

other subclades cluster haplotypes of various geographical origins.
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Figure S7. Part of the phylogeographic network for the W haplogroup (containing W1h and Wlel
subclades) based on 480 HVS-I/HVS-II haplotypes detected in 1022 individuals. Differences from
rCRS are marked with red numbers representing nucleotide positions where the transitions
occurred. Red rhomboids are the hypothetical haplotypes not detected in the analyzed sample
(marked with mv). The sizes of the circles are proportional to the number of detected haplotypes

as depicted in the legend. The geographical origin of the samples is presented in the legend.
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Figure S9. Part of the phylogeographic network for the W haplogroup (containing the Wlc
subclade) based on 480 HVS-I/HVS-II haplotypes detected in 1022 individuals. Differences from
rCRS are marked with red numbers representing nucleotide positions where the transitions
occurred. Red rhomboids are the hypothetical haplotypes not detected in the analyzed sample
(marked with mv). The sizes of the circles are proportional to the number of detected haplotypes

as depicted in the legend. The geographical origin of the samples is presented in the legend.
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Figure S11. Part of the phylogeographic network for the W haplogroup based on 480 HVS-I/HVS-
IT haplotypes detected in 1022 individuals which contains the W3b’a subclade and other W
subclades that cannot be classified based solely on HVS-I/HVS-II data. Differences from rCRS
are marked with red numbers representing nucleotide positions where the transitions occurred. Red
rhomboids are the hypothetical haplotypes not detected in the analyzed sample (marked with mv).
The sizes of the circles are proportional to the number of detected haplotypes as depicted in the

legend. The geographical origin of the samples is presented in the legend.
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Figure S15. Part of the phylogeographic network for the X2 subhaplogroup based on 458 HVS-
I/HVS-II haplotypes detected in 969 individuals. Differences from rCRS are marked with red
numbers representing nucleotide positions where the transitions occurred. Red rhomboids are the
hypothetical haplotypes not detected in the analyzed sample (marked with mv). The sizes of the
circles are proportional to the number of detected haplotypes as depicted in the legend. The

geographical origin of the samples is presented in the legend.
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Figure S16. Part of the phylogeographic network for the X2 subhaplogroup based on 458 HVS-
I/HVS-II haplotypes detected in 969 individuals. Differences from rCRS are marked with red
numbers representing nucleotide positions where the transitions occurred. Red rhomboids are the
hypothetical haplotypes not detected in the analyzed sample (marked with mv). The sizes of the
circles are proportional to the number of detected haplotypes as depicted in the legend. The

geographical origin of the samples is presented in the legend.
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Figure S18.
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Figure S18. Part of the phylogeographic network for the X2 subhaplogroup based on 458 HVS-
I/HVS-II haplotypes detected in 969 individuals which represents the X2m subclade and other X2
subclades that cannot be classified based solely on HVS-I/HVS-II data. Differences from rCRS

are marked with red numbers representing nucleotide positions where the transitions occurred. Red

rhomboids are the hypothetical haplotypes not detected in the analyzed sample (marked with mv).

The sizes of the circles are proportional to the number of detected haplotypes as depicted in the

legend. The geographical origin of the samples is presented in the legend.
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Figure S20. Part of the phylogeographic network for the X2 subhaplogroup based on 458 HVS-
I/HVS-II haplotypes detected in 969 individuals which represents the X2n subclade and other X2
subclades that cannot be classified based solely on HVS-I/HVS-II data. Differences from rCRS
are marked with red numbers representing nucleotide positions where the transitions occurred. Red
rhomboids are the hypothetical haplotypes not detected in the analyzed sample (marked with mv).
The sizes of the circles are proportional to the number of detected haplotypes as depicted in the

legend. The geographical origin of the samples is presented in the legend.
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