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Summary

The Hungarian population belongs linguistically to the Finno-Ugric branch of the Uralic family. The Tat C allele is
an interesting marker in the Finno-Ugric context, distributed in all the Finno-Ugric-speaking populations, except for
Hungarians. This question arises whether the ancestral Hungarians, who settled in the Carpathian Basin, harbored this
polymorphism or not. 100 men from modern Hungary, 97 Szeklers (a Hungarian-speaking population from Transylvania),
and 4 archaeologically Hungarian bone samples from the 10" century were studied for this polymorphism. Among the
modern individuals, only one Szekler carries the Tat C allele, whereas out of the four skeletal remains, two possess the
allele. The latter finding, even allowing for the low sample number, appears to indicate a Siberian lineage of the invading
Hungarians, which later has largely disappeared.

The two modern Hungarian-speaking populations, based on 22 Y-chromosomal binary markers, share similar components
described for other Europeans, except for the presence of the haplogroup P* (xM173) in Szekler samples, which may reflect
a Central Asian connection, and high frequency of haplogroup J in both Szeklers and Hungarians. MDS analysis based
on haplogroup frequency values, confirms that modern Hungarian and Szekler populations are genetically closely related,
and similar to populations from Central Europe and the Balkans.

Keywords: Y-chromosome haplogroups, Tat, ancient DNA, Hungarians, Szeklers

Introduction the westernmost, surrounded entirely by Indo-European-
speaking populations.

The Hungarian nation traces its history to the early Mag-
yars (ancient Hungarians), who settled in the Carpathian
Basin at the end of the 9" century after two millenia of
migration from the steppe zone (Balint, 1996). According
to literature at the time of settlement the ancient Hun-
‘ Sy garians were a people who spoke a Finno-Ugric language,
ers, with about 10 million in today’s Hungary and an- by had a Turkic way of life (Réna-Tas, 1995; Sindbek,
other 3 million in seven neighbouring countries), and also 1999; Balint, 2006). The ancestors of the Hungarians ap-

pear to have separated from their closest linguistic relatives,
the Voguls and the Ostyaks who now live in the forested
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Hungarian (Magyar) is a Finno-Ugric language, more
specifically an Ugric language (Roéna-Tas, 1999; Szij,
2005), quite unrelated to the other languages of Central
Europe. The Hungarian-speaking populations have a spe-
cial position among the Finno-Ugrians, being the most
numerous (approximately 15 million Hungarian speak-
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ancient Hungarians’ population, according to recent
hypothesis of historical research, could have changed sig-
nificantly during the last 1000 years due to admixture with
other tribes and peoples (Balint, 2005).

The Szeklers (or Székelys) are a Hungarian ethnic group
living in Transylvania, in present-day Romania. Their ori-
gin is subject to much debate, but there are two main hy-
potheses (Béna, 1990; Kordé, 1994; Kristo, 2005). One is
that their ancestors, after having separated from the Eskil-
Bulgars of the Volga region, joined the ancient Hungarians
and formed one of the tribes of the Hungarian Conquest
that settled at the eastern border (Transylvania) of histor-
ical Hungary (Kristd, 2005). The second is that Szeklers
are derived from the tribes that originally settled in the
Danubian plain, but were removed from central Hungary
to guard the Transylvanian frontier later, during the 12
century (Béna, 1990). As a privileged people who guarded
an exposed border region, Szeklers lived in comparative
isolation in the mountains in Transylvania from at latest
the 12 century until the 19" (Kordé, 1994).

Analyses of classical markers (Czeizel et al., 1991) have
revealed that the modern Hungarians are genetically close
to other European populations (Guglielmino et al., 2000).
The contribution of Uralic genes for the overall Hungarian
population has been estimated to be 13% (Guglielmino
et al., 1990). Nevertheless, an analysis of the alleles of 24
nuclear genes by Guglielmino et al. (2000) indicated that
isolated ethnic groups of Hungarians, including Szeklers,
have better preserved the traces of their original gene pool
than the main Hungarian population, who are very close
to Slavs and Germans.

These studies were recently corrected from the field of
the historical sciences (Balint, 2006).

Studies on maternally-inherited mitochondrial markers
(Lahermo et al., 2000; Bogacsi-Szabé et al., 2005; Tomory
et al.,, 2007) also showed that genetic variation among
modern Hungarians, including Szeklers, resembles closely
that found in other European populations. However, mi-
tochondrial markers recovered from skeletal remains from
the 10™ and 11 centuries place the Hungarian popula-
tion shortly after the invasion, on a distance matrix tree,
between Asian and European populations (Tomory et al.,
2007).

These investigations, then, have consistently demon-
strated that the bulk of the modern Hungarian popula-
tion is genetically indistinct from the surrounding Indo-
European-speaking populations; but maternal lineages in
early Hungarians are more distinct.

Paternal lineages, which usually give a higher geograph-
ical resolution than maternal, have been studied for 11 bial-
lelic Y-chromosomal markers in a small sample of modern
Hungarians, and again appear similar to the surrounding
populations (Rosser et al., 2000).
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One specific Y-chromosomal base substitution (Tat,
T— C) a relatively recent event (95% confidence inter-
val 3140-6200 years, Lahermo et al.,, 1999) is a valu-
able marker in Finno-Ugric population studies (e.g. Zerjal
et al., 1997). According to published data the C allele of
the Tat polymorphism is widespread in all Uralic-speaking
populations studied so far, except that it is absent or ex-
tremely rare among modern Hungarian-speaking popu-
lations (Zerjal et al., 1997; Lahermo et al., 1999; Rootsi
et al., 2000; Semino et al., 2000a, 2000b; Tambets et al.,
2001, 2004). This rarity could be due to extensive gene
flow into the Hungarian-speaking population before their
arrival in modern Hungary, or in the eventful centuries
afterwards.

To clarify this, in the present study, we therefore screened
tor the Tat polymorphism in ancient DNA from skeletal
remains from the age of the Hungarian Conquest.

In addition, to gain further insight into the paternal ge-
netic diversity of the modern Hungarian-speaking popu-
lations, we have typed additional markers from the non-
recombining region of the human Y chromosome (NRY);
we present the analysis of 22 NRY biallelic polymorphisms
in Hungarian samples, predominantly from the Great Hun-
garian Plain, and Szeklers from Transylvania. The results
are compared with data from other European populations
studied by Semino et al. (2000a), and the phylogeographic
context of the Y chromosome pool of the populations stud-
ied has been analysed.

Materials and Methods

Samples

In this study 100 Hungarian and 97 Hungarian-speaking Szekler
individuals were involved. All the Hungarian paternally unre-
lated, healthy males selected for the analysis had a birthplace in
different parts of Hungary, but the most represented area (90
samples) was the Great Hungarian Plain (occupying the southern
and eastern part of Hungary). The Szekler sample consists of 97
unrelated, healthy Szekler volunteer donors born and living in
Corund, Transylvania, Romania (Figure 1). Most of the DNA
samples (94 Hungarian and 97 Szekler samples), extracted from
blood, were anonymously obtained from the DNA collection
of the Department of Forensic Medicine (University of Szeged,
Hungary). Six additional Hungarian DNA samples, isolated from
hairbulbs, were from our DNA depository. The Szekler samples
are identical to those recently studied for Y-STR variation (Beer
et al., 2004).

For ancient DNA, bones from 8 skeletons were studied, but in
only four cases was DNA successfully isolated. These four sam-
ples were derived from three different well-documented Hungar-
ian excavations from 10% century cemeteries (Figure 1). Burial
sites and bones were archeologically and anthropomorphically
well defined before analysis (Table 1). Three ancient remains
(anc4, anc21, anc28) were excavated with rich grave goods,
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Figure 1 Map showing the locations of the studied samples: Numbers 1, 2, 3 refer to

locations of the cemeteries where the bone samples were excavated. The Great

Hungarian Plain includes the birthplaces of most of the Hungarian males studied (90 out

of 100 samples). The Szekler males studied live in Transylvania, R omania.

unambiguously typical of funeral practices of Hungarian con-
querors (Szdke, 1962; Révész, 1996; Mesterhazy, 1997). These
samples were from two burial sites, in the same county (Békés)
in the eastern part of the Great Hungarian Plain. The fourth
sample (anc19) derived from a cemetery located in the western
part of Hungary, with poor grave goods, possibly the burial of a
soldier. These ancient samples are a subset of those 27 previously
typed for mitochondrial DNA in our laboratory (Témory et al.,
2007). The denomination of the samples is identical to that used
in that study. Gender of the remains was initially determined by
anthropometric evaluations.

DNA Extraction

DNA from blood samples was extracted using the salting-out
procedure (Miller et al., 1988) or Chelex-based method (Walsh
et al., 1991) and from the hair samples by the Chelex method.

Table 1 Sample Characteristics

DNA from the archacological remains was extracted from
femoral bones according to the method of Kalmir et al. (2000).
The DNeasy Tissue Kit (Qiagen, Hilden, Germany) was also
used, following the manufacturer’s recommendations. A modi-
fied method, which combines the two protocols, was also applied
(Tomory et al., 2007).

Whole Genome Amplification

After successful and contamination-free mtDNA amplification
from the archaeological samples, Y-chromosomal DNA recov-
ery was attempted. In order to enhance the efficiency random
primers and the mIPEP method (Hanson & Ballantyne, 2005)
was used. The mIPEP amplification was performed with 5-
10 ul bone DNA extract in a 25 ul reaction volume consist-
ing of: 0.8 mM dNTPs (Fermentas, Burlington, ON, Canada),
2.5 mM MgCl, (Fermentas), 1x High Fidelity PCR Buffer

Anthropological features

Sample* Site® Sex and Age Taxonomy Estimated Age Type of grave goods
anc4 Szabadkigyos-Palliget (2) Male, 25-30 years Europid (Cromagnoid) middle 10" century classical
anc19 Mozs-Szarazdomb (3) Male, 24-28 years — middle 10" century poorer
anc21 Orménykat (1) Male, 61-67 years Europo-Mongolid late 10™ century classical
anc28 Szabadkigyos-Pilliget (2) Male, 45-50 years - middle 10 century classical

*Denomination of the samples is identical to that used in our previous study (Tomory et al., 2007).

PNumbers in brackets refer to cemeteries on the map in Figure 1.
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(Fermentas), 10.5 U High Fidelity Enzyme Mix (Fermentas),
100 wg/ml BSA (New England Biolabs, Ipswich, MA, USA) and
40 +M PEP primer (5'-NNNNNNNNNNNNNNN-3"). The
amplification protocol was 50 cycles of 94° C for 1 min, 37°C for
2 min, and 0.1°C/s ramp to 55°C for 4 min. The High Fidelity
PCR Enzyme Mix contains a highly processive Taq polymerase
and a second Pfu DNA polymerase that exhibits a 3’-5" exonucle-
ase activity. 4—10 microliter aliquots of the mIPEP amplification
product were used in subsequent Y-chromosomal analyses.

Analysis of the Tat Polymorphism
in Ancient Samples

Screening the Tat polymorphism was carried out by amplify-
ing a 112 bp fragment using the primers Tatl and Tat3 (Zerjal
et al., 1997), and a subsequent digestion with HpyCH4 IV en-
zyme (New England Biolabs). The reverse primer was 5'-labeled
with Cy5 dye. PCR reactions were performed in a volume of
25ul containing 200 uM of each of the dNTPs (Fermentas), 1
UM of each primer, 3 mM MgCl, (Applied Biosystems, Foster
City, CA, USA), 1 U AmpliTaq Gold DNA Polymerase (Ap-
plied Biosystems), 1 x PCR Buffer, 100 ug/ml BSA (New Eng-
land Biolabs) and 5-10 ul aliquots of the mIPEP amplification
product. The standard amplification protocol was: 94°C for 6
min, followed by 38 cycles of 30 sec at 93°C, 1 min at 56°C,
45 sec at 72°C, and a final extension at 72°C for 5 min. PCR.
products and restriction fragments were resolved and detected on
4% denaturing polyacrylamide gel (ALFexpress II DNA Anal-
yser System, Amersham Biosciences, Piscataway, NJ, USA). Frag-
ment lengths were determined by ALFwin Fragment Analyser
1.00 software. For accurate typing an external ladder (ALFex-
press Sizer 50-500 bp, a ladder of labeled fragments with incre-
ments of 50 bp from 50 bp to 500 bp), and internal molecular
weight standards (ALFexpress Sizer 100 bp and 150 bp) were used
(Figure 2). Control DNA samples for the ancestral and its deriva-
tive mutant state were always applied simultaneously with exper-
imental samples.

Contamination Prevention

To prevent any possible risk of contamination during the han-
dling and analysis of the ancient remains strict precautions were
taken (Bogacsi-Szabd et al., 2005; Tomory et al., 2007). Controls
were routinely used: an extraction control to check the purity of
the mock DNA extraction with no bone added and an amplifica-
tion control to check the purity of the PCR reagents and set-up
with no DNA added to the PCR reaction. All male investigators
(excavator, anthropologist) handling the material were typed for
Tat polymorphism.

To authenticate the results at least two independent experi-
ments were carried out by female researchers. In case of each
ancient sample, all steps of work (sample preparation, bone pow-
dering, DNA extraction, amplification, post-PCR analysis) were
repeated at least twice, to obtain consistent results. Sample prepa-
rations, bone powdering, extractions and setting up of PCR
reactions were carried out in laboratories dedicated to ancient
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DNA work. Each bone sample was powdered by two researchers
in independent laboratories (Institute of Genetics, Biological
Research Center of HAS (BRC lab) and Archaeological Institute
of HAS), where from each ancient human remain, the different
part of the femoral diaphysis was removed. The further steps of
analysis (DINA extraction, amplification and post-PCR analysis)
were performed at the BRC lab in separate places by two dif-
ferent female scientists. The Tat T/C genotype was considered
reliable when results were reproduced from at least two indepen-
dent DNA extractions and amplifications.

Y-Chromosome Analysis of Modern DNA Samples

Twenty-two biallelic markers (M96, M89, M9, M45, M35, M78,
M170, M253, P37, M26, M201, P15, M304, M267, M172,
M102, M67, M92, Tat, M173, M17, M269) were examined in
hierarchical order in agreement with the Y-chromosome phy-
logeny (Y Chromosome Consortium, 2002; Jobling & Tyler-
Smith, 2003). For most of the markers, new primers were de-
signed to amplify shorter fragments (Table 2, Table 3).

All samples were surveyed for the M96, M89, M9 and M45
markers. These markers were typed by multiplex PCR followed
by SNaPshot technique (see below and Table 2).

Additional genotyping of samples was restricted to markers
on the appropriate branch of the YCC haplogroup tree (Jobling
& Tyler-Smith, 2003). Markers M35, M78, M170, M253, P37,
M26, M201, P15, M304, M267, M172, M102, M67, M92, Tat,
M173, M17 and M269 were analysed by the PCR-RFLP assay.

In some cases the dCAPS (derived cleaved amplified poly-
morphic sequence) method was used to introduce a restriction
enzyme recognition site, which includes the SNP, into the PCR
product by the forward or reverse primer containing a mismatch
to the template DNA (Neff et al., 2002) (Table 3). Control DNA
samples for the ancestral and mutant states of each binary marker
were always included.

The YCC updated phylogeny (Jobling & Tyler-Smith, 2003)
was followed to assign and determine the haplogroups.

Multiplex PCR (Markers M96, M89, M9, M45)

A modified version of the protocol described by Belgrader et al.
(1996) and Paracchini et al. (2002) was used. In this procedure
the amplification takes place in two stages.

The first reaction was performed in a volume of 12.5
pl containing 2.5 ul blood or hair DNA extract, 1x Am-
pliTaq Gold Buffer (Applied Biosystems), 4 mM MgCl,
400 uM of each of the dNTPs, 0.32 uM of each PCR
hybrid primer (Table 2), 1.5 U AmpliTaq Gold DNA
Polymerase (Applied Biosystems). The reaction consisted of
denaturation at 94 °C for 9 min, followed by 15 cycles of 94
°C for 30 sec, 63 °C for 30 sec and 72 °C 1 min, with a final ex-
tension at 72 °C for 3 min. An equal volume of complete PCR
bufter containing 1 uM zip code primers, 4 mM MgCl, and
1.5 U enzyme was added and cycled for an additional 30 rounds
as above, except that the annealing temperature was 59°C. The
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Figure 2 Electrophoretogram displaying PCR-RFLP analysis of Y-chromosomal Tat polymorphism on ancient DNA from two

samples from the 10 century. Peaks represent fluorescent intensities of Cy5 dye-labeled DNA products. The reverse primer was

fluorescently labeled with dye Cy5. The size of the products, in bases, is shown along the x axis.

lane 20: ALFexpress Sizer 50-500 bp (from 100 bp to 450bp)

lane 22, lane 26: the 112 bp long amplified products in case of anc28 and anc19 bone samples, respectively, with 100 and 150 bp long

internal markers

lane 24, lane 28: the results of restriction cleavage with HpyCH4 IV enzyme; the presence of 85 bp long fragment in case of bone
sample anc28 (lane 24) shows that this sample carries the mutant C allele, while its absence in lane 28 indicates the ancestral T allele

onY chromosome of the sample anc19.

No samples were loaded into lanes 21, 23, 25, 27, 29, to prevent contamination of samples from neighbouring lanes.

hybrid primers have locus-specific 3'-ends and 5’-ends corre-
sponding to zip code primers.

Four microliters of PCR product was run on 8% native poly-
acrylamide gel and visualised after ethidium bromide staining by
ultraviolet transillumination. The size of the products was deter-
mined with a GelBase gel documentation system.

Negative controls were used, in which female DNA and no
template was added to the PCR mix, respectively. As a positive
control previously sequenced male DINA was applied.

Genotyping

Following the multiplex PCR amplification, unconsumed PCR
primers and dNTPs were removed by adding 1.2 ul ExoSap-IT
(USB) reagent, consisting of Exonuclease I and Shrimp Alkaline
Phosphatase, to 3 ul PCR products for 15 min at 37 ° C, followed
by the enzyme inactivation at 80 °C 15 min. Three microliters of
the purified product was submitted to primer extension reaction,
using the ABI PRISM SNaPshot ddNTP Primer Extension Kit
(Applied Biosystems) according to the instructions of the manu-
facturer.
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Concentrations of  the minisequencing  primers
(Table 2) were 0.1 puM, 0.6 uM, 0.1 uM, 0.3 uM for
M96, M89, M9, M45 markers, respectively. After Shrimp
Alkaline Phosphatase treatment (USB) 0.25 ul of the fluo-
rescently labeled dideoxy-terminated fragments were analysed
on ABI PRISM 310 Genetic Analyzer (Applied Biosystems).
Genotype assignment was accomplished by Genotyper Software
Version 3.7 (Applied Biosystems). Following the manufacturer’s
recommendations, the difference in minisequencing primer
lengths was 5 nucleotides, since the migration distance does
not necessarily refer to the length of the one-base elongated
primer. Their lengths were adjusted with polyT or in case
of the M96 marker with ‘taat’ to avoid secondary structures
(Table 2).

This standard procedure (Multiplex PCR and Genotyping)
was successfully employed for the modern samples and partly on
degraded DNA also, namely in the case of anc19, where DNA
fragments, which carry the M45 and M9 markers were amplified.
The strategy was the same as described above, except that the
mIPEP amplification product (4 ul) was used as template and ten
microliters of PCR product was run on polyacrylamide gel after
the multiplex PCR.
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PCR-RFLP Analysis

For markers M35, M78, M170, M253, P37, M26, M201, P15,
M304, M267, M172, M102, M67, M92, Tat, M173, M17 and
M269 the PCR amplifications were performed in reaction vol-
umes of 25 ul with 1 U AmpliTaq Gold DNA Polymerase (Ap-
plied Biosystems), 1 x PCR Buffer, 3 mM MgCl,, 200 uM of
each of the dNTPs, 1-1 uM primers and 5 ul DNA template.
The PCR cycles were: initial denaturation of 6 min at 94°C,
followed by 33 cycles of 20 sec at 93°C, 20 sec at the primer-
specific annealing temperature (50-67°C)(listed in Table 3), 30
sec at 72°C and final extension of 5 min at 72° C. To increase the
specificity of the PCR reaction in the case of markers M170 and
M267, prior to the 33 cycles, 10 cycles of 20 sec at 93°C, 20 sec
at higher annealing temperature (64°C-M170 or 54°C-M267)
and 30 sec at 72° C was needed and in the case of marker P37 we
used 0.5 uM primers and 3 ul DNA template.

Following the restriction cleavage (Table 3) genotyping was
performed after the separation of the restriction products in
8% polyacrylamide gel and visualisation with ethidium bromide
staining.

Statistical Analyses

Population genetic diversity measured as H (Nei, 1987), anal-
ysis of molecular variance (AMOVA) and pairwise Fst genetic
distances (Reynolds et al., 1983) based on haplogroup frequen-
cies were calculated by using the Arlequin package, version
2.000 (Schneider et al., 2000). The statistical significance of
Fst values was estimated by permutation analysis using 10 000
permutations.

Multidimensional scaling (MDS) analysis of pairwise Fst values
was performed using the SPSS package version 5.0 (SPSS, Inc.,
Chicago, IL, USA).

5 Genotyper 3.7

Results

Analysis of Tat Polymorphism

The analysis of the Tat polymorphism in 100 Hungarian,
97 Szekler and 4 ancient samples through PCR amplifi-
cation and restriction cleavage revealed that, among the
modern population, only one Szekler man carries the mu-
tant C allele; whereas out of the four successfully typed
10%-century skeletal remains two (anc21 and anc28), pos-
sess the mutation, while the samples anc4 and anc19 carry
the ancestral T allele. Figure 2 shows a representative elec-
trophoretogram of ancient DNA from samples anc28 and
anc19.

Figure 3 denotes the multiplex amplification (markers
M09, M45) of ancient DNA from sample anc19. The pres-
ence of the ancestral C allele of the M9 polymorphism rein-
forced the fact that this sample does not harbour the mutant
Tat C allele, in accordance with standard Y-chromosome
phylogeny. Out of four Y-chromosomal DNA fragments,
containing the four basal markers (M96, M89, M9 and
M45), the two shorter fragments (106 bp and 121 bp long
specific PCR products) were successfully amplified, where
the signal reflecting the M45 marker was stronger. Such an
inverse relation between the efficiency of amplification and
the length of the amplified product is typical of DNA re-
trieved from archaeological remains and results from dam-
age and degradation of the DNA (Handt et al., 1994). The
loci M89 and M96 could not be amplified, probably be-
cause they are in the higher molecular weight range.

No one from the Archaeological Institute who has han-
dled the bones (excavator, anthropologist) has the Tat C

File Edit Analysis Category Table Yiews Macro Window Help

1--4-7-05-12-08 PM.fsa 12 Blue 1
1--4-7-05-12-08 PH.fsa
1-—4-7-05-12-08 PM.fsa

Figure 3 Electrophoretic pattern of markers M9 and M45 genotypes in case of sample anc19.
Out of four Y-chromosomal DNA fragments, containing the four basal markers (M96, M89,
M9, M45), two shorter fragments (106 bp and 121 bp long specific PCR products) were

successfully amplified.

In case of these markers the ancestral C allele was typed. The ancestral state at marker M9
indicates that this sample could not carry the derived Tat C allele in accordance with
Y-chromosome phylogeny (YCC, 2002; Jobling & Tyler-Smith, 2003). This finding confirmes

the result of the PCR-RFLP analysis of this sample.
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Figure 4 Phylogeny of Y-chromosome haplogroups studied and their frequencies in Hungarian and Szekler populations.
Italicized markers were not typed, but their allelic states can be deduced from the YCC 2003 phylogenetic tree (Jobling &

Tyler-Smith, 2003).

mutation, which strongly supports the authenticity of the
ancient DNA.

Y-Chromosome DNA Analysis
of Modern Samples

In 197 individuals 22 biallelic markers (M96, M89, M9,
M45, M35, M78, M201, P15, M170, M253, P37, M26,
M304 (M304 is equivalent to 12f2 (Cinnioglu et al., 2004),
M267, M172, M102, M67, M92, Tat, M173, M17, M269)
were examined. After PCR amplification the SNaPshot
method and restriction cleavage were used.

The markers used allowed the classification of these sam-
plesinto the E, F*, G, I, J, K*, N3, P* and R 1 haplogroups.
Phylogeny of Y-chromosome haplogroups, and their fre-
quencies in Hungarian and Szekler populations, are illus-
trated in Figure 4.

In both populations, the predominant Y-chromosome
lineage was haplogroup R 1. Haplogroup (Hg) R1 corre-
sponds to the cluster defined by the M173 mutation. The
M173-bearing Y-chromosomes in Europe are considered
to delineate an ancient expansion from Central Asia dur-
ing the Upper Paleolithic, ~30 000 years ago (Semino
et al.,, 2000a; Underhill et al., 2001; Wells et al., 2001).
About 50% of European Y-chromosomes share the M173
marker (Semino et al., 2000a). It has been found (Cruciani
et al., 2002) that M173 chromosomes from Europe carry
either M17/SRY 19331 or M269 mutations, except in the
case of three Danes reported by Sanchez et al. (2003).

Hungarians show a higher R-M17 haplogroup fre-
quency than Szeklers (30% and 18.6% respectively), while
only 15% of Hungarian Y chromosomes belong to the
R-M2609 lineage. In case of the Szeklers the frequency of
the two clades is almost equal (18.6% R-M17 and 19.6%
R-M269).

© 2008 The Authors
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The presence of haplogroup P*(xM173) in Szeklers is
striking, because this clade is otherwise almost absent in
continental Europe (Semino et al., 2000a; Wells et al.,
2001).

The second most prevalent haplogroup in both ethnic
groups was Hg I, comprising 24.0% of the Hungarian and
21.7% of the Szekler Y-chromosomes, respectively. This
clade is widespread all over Europe, but virtually absent
elsewhere. The defining mutation of Hg I, M170, most
likely arose in Europe before the Last Glacial Maximum
(LGM) (Semino et al., 2000a). Among its major subclades,
[1a-M253 shows the highest frequency in Northern Eu-
rope, whereas the I1b-P37 lineage peaks in Eastern Europe
and in the Balkans (Rootsi et al., 2004). These two sepa-
rate branches show divergent frequencies in the two ethnic
groups; while 11a-M253 accounts for 16.5% of the Szekler
Y-chromosomes, it is present in the Hungarian popula-
tion with only 8% frequency. Haplogroup I1b-P37 occurs
at 13% in Hungarians, but its frequency is only 5.2% in
the Szekler population. Haplogroup I11b2 (M26) was not
observed in our samples.

Interestingly, haplogroup J (12£2/M304) is widely dis-
tributed in both groups, with a frequency of 21.6% in
Szekler and 16% in the Hungarian population. Haplogroup
J-12£2 (M304), along with G-M201 and E-M35, first ar-
rived in Europe from the Middle East in the Neolithic
times (Semino et al., 2000a). The frequency of these lin-
eages decreases from the Near East to Europe; they are
more pronounced along the Mediterranean Coast than in
continental Europe (Semino et al., 2000a, 2004).

Additional haplogroups with a frequency greater than
5% are: haplogroup E (10% in Hungarians; 9.2% in Szek-
lers, respectively), where E-M78 chromosomes account for
almost all E representatives (89%; 90%), and haplogroup G-
P15 in the Szekler population (5.2%).

Annals of Human Genetics (2008) 72,519-534
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Figure 5 MDS analysis based on frequencies of the Y-chromosome haplogroups E-M35,
G-M201, I-M170, J1-M267 (Eu 10), J2-M172, N3-Tat, R-M17 and R-M269 (Eu 18)
in the examined Hungarian and Szekler groups (present paper) and in other European

populations studied by Semino et al. (2000a).

Statistical Analysis of Y Chromosome Data

According to the intrapopulation diversity values (H), both
of the populations are genetically heterogeneous (Hungar-
ians H = 0.8089; Szeklers H = 0.8533).

By virtue of pairwise Fst genetic distance no significant
difference was found between the Hungarian and Szekler
populations (Fst < 0.05; Fst = 0.00348, P > 0.05; P >
0.23).

Pairwise values of Fst were also used to perform an MDS
analysis (Figure 5), which shows that the Hungarian and
Szekler populations are genetically closely related and are
close to other populations from Central Europe and the
Balkans.

Discussion

Analysis of Tat Polymorphism

The marker we examined, the T— C point mutation in
the RBF5 locus, called the Tat C allele, is of interest in
the Finno-Ugric context (Zerjal et al., 1997). It defines
the Y chromosome haplogroup N3, which is present in
northern and eastern Europe, but is virtually absent in the
west and south. It is also frequent in northern Asia (Zerjal
etal., 1997; Rootsi et al., 2000; Rosser et al., 2000; Semino
et al., 2000a; Zerjal et al., 2001; Tambets et al., 2004),
and is found at a high frequency in many Uralic-speaking
populations (Lahermo et al., 1999; Rootsi et al., 2000;
Tambets et al., 2001, 2004), including Voguls and Ostyaks
who are the two closest linguistic cognates of Hungarians
(Rédet, 2005); but it is hardly found in modern Hungarian
populations (e.g. Tambets et al., 2004), even ethnic groups
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of Hungarians such as Csingds (Lahermo et al., 1999) or
Paléc (Semino et al., 2000b).

These results immediately raise the question of whether
the ancient Hungarians (early Magyars) who settled in the
Carpathian Basin at the end of the 9" century (Kovics,
2005; Langd, 2005) and spoke a Uralic language, harboured
this polymorphism or not.

Several explanations have been suggested for the strik-
ing absence of Tat C in the linguistically Uralic modern
Hungarian population (Rootsi et al., 2000; Semino et al.,
2000b). One is that Voguls and Ostyaks, and many other
Siberian populations obtained this Y-chromosomal lineage
only relatively recently, after the ancestors of the Magyars
had left the Siberian forests for the great Eurasian steppe.
Another is that Hungarians and Siberian Ugric-speaking
populations have always been genetically unrelated despite
their linguistic affinities. A third possibility is that the an-
cestral Magyars did have the Tat C allele, but lost it through
genetic drift during their migration to Hungary, or after
their settlement there.

To elucidate this question we attempted to screen 8 skele-
tal remains, from the age of the Hungarian Conquest, for
the Tat C polymorphism, using bones from which an-
cient mtDNA fragments had been successfully recovered,
which were therefore good candidates for Y-chromosomal
analysis. Four of the 8 examined contained detectable Y-
chromosomal DNA after whole genome amplification.
Out of these, two possess the Tat C mutation. In case of
the sample anc19 the presence of the ancestral Tat T allele
was confirmed by typing the ancestral state (C allele) of the
marker M9 (C— G) (YCC, 2002; Jobling & Tyler-Smith,
2003) (Figure 3). The fact that two of four ancient sam-
ples possessed the Tat C allele, is more than intriguing,
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considering that from the 197 modern Hungarian-
speaking males only one had this polymorphism (a find-
ing consistent with previous studies (Lahermo et al., 1999;
Rootsi et al., 2000; Rosser et al., 2000; Semino et al.,
2000a, 2000b; Tambets et al., 2004).

The single observation of this particular lineage in the
Szekler group may reflect some past contribution.

On the other hand, the low number of ancient samples
has to be taken into consideration. The occurrence of this
genetic variation in ancient Magyars could be the result of
admixture or sharing a common male ancestor with other
Uralic-speaking populations.

It seems highly probable that the nomadic Magyar
tribes, when they entered Hungary, had preserved a very
substantial Finno-Ugric male ancestry; substantially more
distinctively Asian than the maternal mitochondrial ances-
try we have described earlier (T6émory et al., 2007). That
would be consistent with the custom, observed in steppe
societies from the earliest times, of slaughtering the males
of other tribes given the opportunity, but carrying off their
women.

Y Chromosome Variation in Modern Hungarian
and Szekler Populations

In addition, 21 Y-chromosomal polymorphic markers of
the two Hungarian-speaking populations were analysed
(Figure 4). The Y-haplogroups observed in these two Hun-
garian ethnic groups are similar to those found among many
other Europeans (Semino et al., 2000a).

Hg R1a1-M17 is the most frequent Y chromosome
clade in the modern Hungarian population (30%) and en-
compasses 18.6% of the Szekler Y-chromosomal gene pool.
The age of M17 has been estimated at 15 kilo years ago
(KYA). It is likely that it arose in the Ukrainian glacial
refuge, where this mutation is found with high frequency
(>50%) (Semino et al., 2000a; Wells et al., 2001). This Hg
is frequent in Eastern Europe, Central Asia and Northwest
India (Semino et al., 2000a; Wells et al., 2001; Passarino
et al., 2001; Kivisild et al., 2003).

The current distribution of R1a1-M17 in Europe shows
an increasing west-east frequency and variance gradients
with peaks among Finno-Ugric and Slavic speakers (Perici¢
et al., 2005 and references therein).

The R1a1-M17 frequency in Hungarians (30%) and
Szeklers (18.6%) is comparable to that in their neigh-
bours (e.g. Czechs and Slovaks, mainland Croatians, Bosni-
ans, Romanians, Serbians) and some other Uralic-speaking
populations (e.g. Estonian, Komis, Mordvin) (Tambets
et al.,, 2004; PericCi¢ et al., 2005 and references therein).
The expansion of this haplogroup might have occurred at
least three major episodes of gene flow: early post-LGM
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recolonization of Europe from the refugial area of present-
day Ukraine (Semino et al., 2000a), migrations from the
northern Pontic steppe between 3000 and 1000 BC and
the historically attested Slavic migration from the 5% to 7%
centuries AD (Peric¢i¢ et al., 2005; Brather, 2001; Fusek,
2004).

Hg R1b-M269, in contrast to R1a1-M17, has its highest
frequency in western Europe and decreases in eastern and
southern Europe; the R 1b variance shows multiple peaks in
West Europe and Asia Minor (Semino et al., 2000a; Peric¢i¢
et al., 2005). These spatial patterns possibly reflect the re-
peopling of Europe from Iberia and Asia Minor during the
Late Upper Paleolithic and Holocene (Cinnioglu et al.,
2004).

Similar frequencies of R1b as in the Hungarian speakers
are found in some Slavic populations (mainland Croatians,
Slovenians, Poles, Bulgarians); and in some Uralic-speakers
(Komis, Khanties, Mordvin) as well as in Romanian and
Turkish populations (Tambets et al., 2004; Peri¢ic et al.,
2005 and references therein).

The presence of central-Asian haplogroup P*(xM173)
in Szeklers is unusual for a European population, since it
is almost absent in continental Europe (Wells et al., 2001)
and presumably reflects some Asian contribution, before
or after reaching Transylvania.

Hg I-M170 is the only Y-chromosome haplogroup that
is confined almost exclusively to the European continent
(Semino et al., 2000a; Rootsi et al., 2004). Its virtual ab-
sence elsewhere, including the Near East, suggests that
the defining mutation arose in Europe, most probably
before the LGM (Semino et al., 2000a). Semino et al.
(2000a) and Bara¢ et al. (2003) proposed that the north-
ern Balkans could have been a possible LGM refugium
and a reservoir of M170. Rootsi et al. (2004) estimated
that its major subclades, I1a, I1b and I1c all diverged from
I* in the Late Upper Paleolithic/Mesolithic Period. Sub-
clade I1a-M253 accounts for most of Hg I (88—100%) in
Scandinavia, with a rapidly decreasing frequency toward
both the East European Plain and the Atlantic fringe, but
microsatellite diversity reveals that the Franco-Cantabrian
refugial area could have been the source of the early
spread of both I1a and the less common I1c (Rootsi et al.,
2004).

Hg I1b-P37 is the most frequent haplogroup I clade
in Eastern Europe and the Balkans (Rootsi et al., 2004).
According to Peric¢i¢ et al. (2005) the I1b* (xM26) lineages
might have expanded from southeastern Europe to central,
eastern and southern Europe, presumably not earlier than
the Younger Dryas to Holocene transition and not later
than the early Neolithic. In central and eastern Europe
I1a and I1b show overlapping frequency gradients (Rootsi
et al., 2004).
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Haplogroup I was detected with almost equal frequency
in the two modern populations: 24% in Hungarians and
21.7% in Szeklers. However, two of its major subclades-
[1a-M253 and I1b* (xM26) — show an opposite occurrence
in the two ethnic groups, 8% and 13%, respectively, in
Hungarians, and 16.5% and 5.2% in Szeklers. These are
within the range of normal central and eastern European
values (Rootsi et al., 2004; Perici¢ et al., 2005). The ele-
vated frequency of Hg I1a together with higher frequency
of R1b-M269 in Szekler population might be the con-
sequence, at least in part, of the genetic impact of peo-
ple of German origin, who settled in Transylvania from
the 12 century onwards (Transylvanian Saxons)(Makkai,
1990; Kristd, 2002).

Haplogroups J, E and G have been associated with the
contribution of Neolithic farmers to the European gene
pool (Semino et al., 2000a; Underhill et al., 2000). How-
ever, the phylogeographic analysis of haplogroups E and J
revealed that multiple migratory events have spread these
lineages during and after the Neolithic (Cruciani et al.,
2004; Di Giacomo et al., 2004; Semino et al., 2004).

In the present study haplogroup J was unexpectedly
common in the Hungarian-speaking populations (Hun-
garians: 16%, Szeklers: 21.6%). Haplogroup J, (defined
by a 12f2 polymorphism —which is equivalent to M304-)
(Cinnioglu et al., 2004), is considered to have originated in
the Middle East (Semino et al., 2004). The overall occur-
rence of the haplogroup displays an area of high frequen-
cies (>20%) stretching from the Middle East to the central
Mediterranean (Di Giacomo et al., 2004), whereas accord-
ing to recent publications (Di Giacomo et al., 2004 and
references therein) this haplogroup doesn’t have a strong
signature in the peoples of the northern Balkans and cen-
tral Europe.

Hg J has two main clades; J1-M267 and J2-M172 (Cin-
nioglu et al., 2004). J1-M267 has its highest frequency in
the Middle East, North Africa and Ethiopia and its low-
est in Europe (Semino et al., 2004). It has been suggested
that Hg J1-M267 was spread by two temporally distinct
migratory episodes, the most recent one probably associ-
ated with the diffusion of Arab people, mainly from the
7th century AD (Nebel et al., 2002; Semino et al., 2004).
The J1-M267 Y-chromosomal lineage is notably frequent
in Szeklers (10.3%; a value far above the range for other
central and eastern European populations (Semino et al.,
2000a, 2004; Di Giacomo et al., 2004), while its frequency
in Hungarians (3.0%) is unremarkable.

Haplogroup J2-M172 is more prevalent in Europe than
the J1 clade. Among its subclades J2e-M12 and J2{-M67
and their derivatives are found in Europe and in Asia
(Semino etal., 2004). J2e-M12 is almost totally represented
by its sublineage, J2e1-M102, which shows its maximum

Annals of Human Genetics (2008) 72,519-534

frequency in the southern Balkans and north-central Italy;
it may have diffused from the former (Semino et al., 2004).
J26-M67 is also a widespread clade which is most fre-
quent in the Caucasus, whereas its derivative J2f1-M92 in-
dicates affinity between Anatolia and southern Italy and is
predominantly found in the northern Mediterranean from
Turkey westward (Di Giacomo et al., 2004; Semino et al.,
2004). J2tx-M67 and J2f1-M92 could have arrived in Eu-
rope from Anatolia across the Bosporus, as well as by seafar-
ing Neolithic populations who may have reached southern
Italy. The J2-M172* lineage displays a decreasing frequency
gradient from the Near East toward western Europe. It has
been proposed that the distribution of the J2-M172 (xM12)
lineage is consistent with its spread to Europe through the
Levantine corridor (Semino et al.,, 2004). Although ]2-
M172* encompasses most of the M172 Y-chromosomes in
continental Europe and India, their degree of affinity and
shared history remain uncertain. Semino et al. (2004) and
Di Giacomo et al. (2004) point to Turkey and the Aegean
as a relevant source for the J diversity observed throughout
Europe.

Among these J2-M172 subclades, J2e1-M102 is more
frequent in Szeklers (7.2%) than in Hungarians (4.0%),
while the undifferentiated J2-M172* Y chromosomes are
slightly more common in Hungarian population (8% vs.
3.1%). Both J2fx-M67 and J2f1-M92 lineages were de-
tected in our study in one single individual, in each popu-
lation.

The overall frequency of J2-M172 in the two popula-
tions (Hungarian: 13%; Szekler: 11.3%) is in the same order
of magnitude as reported for Czechs and Slovaks (Semino
et al., 2000a), Romanians, Bulgarians (D1 Giacomo et al.
2004) and Ukrainians (Semino et al. 2004).

The elevated overall frequency of haplogroup J in the
Szekler samples (21.6%) might be partially attributed to
genetic drift, since Szeklers lived in relative isolation as a
socially exclusive population in the mountains of Transyl-
vania from the Middle Ages (12" century) until the 19%
century (Makkai 1990; Kristé 2002). But that cannot ex-
plain the even higher frequency in Hungarians. On the
other hand, the elevated frequency of J in both groups
could also be due to a range of historical events.

One is the expansion of the Ottoman Empire from the
16™ century AD; refugees from the Balkan area fled to
Hungarian territory (Palffy 2000).

Another is in accordance with our mtDNA analysis of
ancient Hungarians (Tomory et al. 2007); populations who
lived in close contact with the early Magyars during their
migration from the Ural region to the Carpathian Basin left
substantial imprints in their gene pool. In this context, one
should note that statistical analysis of mtDNA variation
of ancient Hungarian and modern Eurasian populations
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shows that the early Magyars were genetically close not
only to some populations from Central Asia and Europe,
but also to some of the Near-East populations — Syrian,
Palestinian, Turkish — where Y chromosome haplogroup |
is present with high frequency (Semino et al. 2000a, 2004;
Cinnioglu et al. 2004; D1 Giacomo et al. 2004; Flores et
al. 2005).

However, the possibility that the J cluster was present in
the ancient Hungarian population and may have left de-
tectable traces in the paternal gene pool of modern Hun-
garian and Szekler males deserves future study. At this stage
of analysis other explanations, such as genetic drift or more
recent gene flow are plausible.

There is a discrepancy between the frequencies of hap-
logroup J reported here and the results of some previous
studies (Rosser et al. 2000; Semino et al. 2000a, 2000b,
2004), in which it was found to be rare (2-3%) in mod-
ern Hungarian-speaking populations; (but conversely, in a
Hungarian sample studied by Rootsi et al. (2000) it was
detected at a level of 14%). The possible reason for this
discrepancy might lie in differential sampling. Hungarian
samples included in this paper were collected from differ-
ent parts of Hungary, but the most represented area was the
Great Hungarian Plain (90 out of 100 individuals were born
there). Hungarian samples studied by Semino et al. (2000a),
however, originated from subjects from Budapest and other
northern regions in Hungary. The most frequently rep-
resented were Palocs (Semino personal communication),
an ethnic minority in Hungary, from a border region of
the northern Carpathian Basin, neighbours of the Slavs in
the higher mountains, with a distinctive Hungarian dialect
(Késa 1998; Semino et al. 2000b).

The MDS plot (Figure 5) based on Fst values of pop-
ulation data from Semino et al. (2000a) and those of this
study, shows that the Hungarian and Szekler populations
are genetically closely related, and close also to other pop-
ulations from Central Europe and the Balkans. However,
the second dimension clearly separates our samples from
those Hungarians studied by Semino et al. (2000a). The lat-
ter group has closer genetic relationships with Polish and
Ukrainian populations. A possible explanation might be
that in the 19" century extensive admixture occurred be-
tween inhabitants of northern parts of Hungary and those
of neighbouring northern regions (Késa 1998). This might
also be responsible for the large proportion, 60%, of R 1a1-
M17 Y chromosomes reported (Semino et al., 2000a).

Haplogroup E3b-M35 occurs at 10% frequency in Hun-
garians and 9.2% in Szeklers with E3b1-M78 chromosomes
accounting for almost all representatives (~90%). Hg E is
mainly African, but its clade E3b-M35 has also been ob-
served in Europe, where it is believed to have arrived dur-
ing and after Neolithic. Both E3b-M35 and its derivative
(E3b1-M78) probably originated in eastern Africa (Semino
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et al. 2004; Cruciani et al. 2004). Hg E3b1-M78 has been
observed over a wide area, including eastern and northern
Africa, the Near East and Europe, where it represents by
far the most common E3b subhaplogroup (Cruciani et al.
2004; Semino et al. 2004). This lineage shows its high-
est frequency in southern and southeastern Europe and
declining frequencies toward western, central and eastern
Europe (Peric¢i¢ et al. 2005). The frequencies of E3b1-M78
in our samples (Hungarian: 9%; Szekler: 8.2%) are within
the range of central and eastern European values (Perici¢
et al. 2005). According to Cruciani et al. (2004) the main
contributor to the present distribution of E3b lineages in
Europe was an expansion from the Balkans to western and
southern-central Europe (~7.8 KYA). Periti¢ et al. (2005)
suggested that one of the major routes for E3b1-M78 ex-
pansion was the Vardar-Morava-Danube river system lead-
ing from south and southeastern to continental Europe.

Conclusion

Our data suggest that the Tat C allele, which is widespread
in Uralic-speaking populations, was substantially present
in the ancient Magyar population when they crossed the
Carpathians and settled in the Carpathian Basin. Our find-
ings provide further evidence for its virtual absence in re-
cent Hungarian-speaking populations, with the exception
of a single male in the Szekler group. This contrast, de-
spite the relative linguistic stability, may be attributed to a
combination of the Magyars being a dominant elite, whose
language was accepted by the more numerous pre-existing
populations (mostly Slavs and Avars), and of the effects of
a number of substantial post-Magyar immigrations and in-
cursions.

The Y-chromosomal patterns of the modern Hungarians
and Szeklers can for the most part be adequately explained
within the European paternal genetic landscape. As with
other Europeans, the Y chromosomes are characterized by
early lineages derived from Paleolithic inhabitants, and by
a minor impact of Neolithic and post-Neolithic migratory
episodes. Consistent with previous studies, Hungarian-
speaking populations are genetically closely related to their
geographic neighbours. The Hungarian and Szekler groups
cluster together with some other central Europeans (e.g.
Czechs and Slovaks), but mainly with Balkan populations.

There are two exceptions. Haplogroup P* (xM173) is al-
most absent in continental Europe. The presence of this
haplogroup in the Szeklers may indicate a connection
with Central Asian populations. Also, there is an elevated
haplogroup ] frequency. This may reflect Anatolian and
southern Balkan contributions to the gene pools of Hun-
garians and Szeklers, but historical data and the compar-
ative analyses of maternal lineages of ancient Hungarian
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population suggest that the earlier migrations of the Mag-
yars may also have contributed to the presence of this lin-
eage in the Carpathian Basin.
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