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Mitochondrial Haplogroup U2d Phylogeny and Distribution
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Abstract  The sequencing of the entire mitochondrial DNA belonging to
haplogroup U2d reveals that this clade is defined by four coding-region muta-
tions at positions 1700, 4025, 11893, and 14926. Phylogenetic analysis sug-
gests that western Eurasian haplogroup U2d appears to be a sister clade with
the Indo-Pakistani haplogroup U2c. Results of a phylogeographic analysis of
published population data on the distribution of haplogroup U2d indicate that
the presence of such mtDNA lineages in Europe may be mostly a consequence
of medieval migrations of nomadic tribes from the Caucasus and eastern Eu-
rope to central Europe.

Mitochondrial haplogroup U2, which is characterized by a transition at nucleotide
position (np) 16051 in the hypervariable segment 1 (HVS1), has been subdivided
into two branches: the “European” U2e, defined by transversion 16129C; and the
“Indian” U2i, which lacks such a transversion (Kivisild et al. 1999a). In addition,
haplogroup U2i is represented by three clusters: U2a, U2b, and U2c¢ (Kivisild et
al. 1999b; Palanichamy et al. 2004; Quintana-Murci et al. 2004). Haplogroup U2a
is characterized by the rare and stable HVSI1 transversion 16206C. Haplogroup
U2b is defined by the mutations 146, 2706, 5186T, 12106, 13149, and 15049.
Haplogroup U2c is recognized by the mutations 152, 5790A, 14935, 15061, and
16234. The distribution of these sister clades within haplogroup U2 is essentially
restricted to the Indo-Pakistani regions. They have not been observed in Europe
and the Near East, and they are rare in Iranian plateau and Central Asian pop-
ulations (Metspalu et al. 2004; Quintana-Murci et al. 2004). The estimated coa-
lescence times for these haplogroups are 45,700 £ 14,400 years for haplogroup
U2a, 35,900 £ 9,000 years for haplogroup U2b, and 45,200 4 10,400 years for
haplogroup U2c (Quintana-Murci et al. 2004). Based on the diversity of the U2a,
U2b, and U2c lineages in India, Quintana-Murci et al. (2004) estimated a poten-
tial founder age of this part of the U phylogeny of 49,900 & 7,900 years. Thus an
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entry of haplogroup U2 in India more recent than 40,000 years ago is not plausible
(Palanichamy et al. 2004).

Phylogeographic studies have shown that haplogroup U2e is present mainly
in western Eurasian populations at a frequency of 1% on average (Richard et al.
2007). Meanwhile, one more haplogroup U2 member in western Eurasia is hap-
logroup U2d, which is rare and is found only occasionally in some populations
of western Asia, the Caucasus, and Ethiopia (Kivisild et al. 2004). Haplogroup
U2d is defined only by HVS1 motif 16051-16189-16234-16294. The phylogenetic
position of this haplogroup is also obscure, despite the fact that one complete mi-
tochondrial genome has been sequenced (Maca-Meyer et al. 2001). On the basis
of coding and control-region mutations, Palanichamy et al. (2004) suggested that
haplogroups U2d and U2e form a sister cluster. However, this assumption is ten-
tative because it is based on only the diagnostic mutation at position 16189, which
is a hypervariable site (Bandelt et al. 2002; Malyarchuk et al. 2002).

The aim of this study is to reconstruct the phylogeographic pattern of hap-
logroup U2d in different Eurasian populations based on the mtDNA control-region
and coding region variability data. As a result of the analysis of the published data,
we have found that in west Eurasian populations, haplogroup U2d consists mainly
of two related groups of lineages—with HVS1 motifs 16051-16189-16234-16294
and 16051-16184-16234-16294-16342, respectively (Table 1). Both groups are
present at low frequencies in populations of the Middle East, the Caucasus, and
eastern and central Europe. A monophyletic origin of these clusters is confirmed
by the common HVS2 motif 73-152-199-471 with a back-mutation at position
263. A single exception to this rule is the HVS2 sequence of a Jordanian individual
(GenBank number AF382000) sequenced by Maca-Meyer et al. (2001); however,
it is likely that there was an error in Maca-Meyer et al.’s sequence, so we propose
that the HVS2 motif 73-152-199-471 is specific for haplogroup U2d.

To reconstruct the phylogeny of haplogroup U2d, we have completely se-
quenced the mitochondrial genome of a Czech individual from western Bohemia.
These data were compared with the U2d genome of the Jordanian sample previ-
ously studied by Maca-Meyer et al. (2001) (Figure 1). The comparison allows us
to reveal a U2d trunk defined by four coding-region mutations at positions 1700,
4025, 11893, and 14926. Whether or not the transition at np 16189 is trunk specific
is unclear because U2d2 sequences may or may not have a mutation at position
16189 (see Table 1). This suggests that the ancestral U2d lineage was characterized
by the 16189T variant and that the transition from T to C was generated several
times in both haplogroups U2d1 and U2d2, taking into account the instability of
the T base flanked by poly-C tracts (Bendall and Sykes 1995). This further sug-
gests that, in fact, haplogroup U2d might share two mutations—at positions 152
and 16234—with haplogroup U2c (see Figure 1). If so, the Indian U2c and the
western Eurasian U2d lineages separated from each other long ago, close to the
root of their putative common ancestor.

It is worth noting that haplogroup U2d has an interesting geographic pattern
of distribution (see Table 1). Both of its subgroups, U2d1 and U2d2, are present
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Figure 1.
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Complete genome-based phylogenetic tree of haplogroups U2d and U2c. The tree is rooted
in haplogroup U. Numbers along links refer to substitutions scored relative to the revised
Cambridge reference sequence (Andrews et al. 1999). Transversions are further specified;
recurrent mutations are underlined. For subhaplogroup U2c only diagnostic mutations are
shown according to classification (Palanichamy et al. 2004). The complete mitochondrial
genome of Czech individual Cz I_31 was sequenced by means of the procedures described
by Torroni et al. (2001). This sequence has been submitted to GenBank (accession number
EU440736). An additional U2d complete sequence was taken from the literature (Maca-
Meyer et al. 2001) and was designated NMM followed by # and the original sample code.
For phylogeny construction, the A/C stretch length polymorphism in regions 16180-16193
and 303-315, 522-523del, and mutation 16519, all known to be hypervariable, were dis-
regarded.

in populations of the Middle East, the Caucasus area, and eastern Europe. Mean-
while, U2d2 lineages have been detected mostly in southern regions of western
Eurasia—in the United Arab Emirates, in Israeli Palestinians, and in Iran as well
as in the Caucasus among Dagestani populations (such as Darginians and Avars).
Haplotype U2d2 has also been found in Czechs from western Bohemia. This pop-
ulation is characterized by a relatively high frequency (2.8%) of east Eurasian
mtDNA lineages, which were probably inherited from Asian nomadic tribes that
were assimilated by Europeans in the early Middle Ages (Malyarchuk et al. 2006).
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An east to west direction of gene flow can also be suggested for U2d1 lineages, be-
cause these mtDNA lineages are observed in the steppe regions of southern Russia
(among Mordva and Nogay people) and further in Transylvania (among Romani-
ans and Hungarian Roma) and even on the Adriatic coast (among the Croatians
and Croatian-Italians), besides being found in the Middle East, Anatolia, and the
Caucasus (see Table 1). Overall, the data obtained have allowed us to reconstruct
the phylogeny of haplogroup U2d with greater accuracy than phylogenies reached
earlier, and they reveal an interesting phylogeographic pattern of distribution of
haplogroup U2d in Europe.
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