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Abstract

The impact of phylogeographic information on mtDNA forensics has been limited to the quality control of published
sequences and databases. In this work we use the information already available on Eurasian mtDNA phylogeography to guide
the choice of coding-region SNPs for haplogroup H. This sub-typing is particularly important in forensics since, even when
sequencing both HVRI and HVRII, the discriminating power is low in some Eurasian populations. We show that a small set
(eight) of coding-region SNPs resolves a substantial proportion of the identical haplotypes, as defined by control-region variation
alone. Moreover, this SNP set, while substantially increasing the discriminating efficiency in most Eurasian populations by
roughly equal amounts, discloses population-specific profiles.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The advent of new methodological strategies for SNP
typing, allied to the publication of complete mtDNA sequence
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Searches for the most informative coding-region poly-
morphisms are currently in progress, either by randomly
screening some mtDNA genes in specific population sam-
ples [1], or by performing complete mtDNA sequencing on
some of the more common HVRI/HVRII haplotypes [2,3].
This latter strategy has led to the identification of several
coding-region polymorphisms, requiring a set of eight multi-
plex panels. Up to now, only the first one of these panels has
been adapted to the SNaPshot methodology [4]. Other
multiplex assays for haplogroup classification have been
developed (also based on SNaPshot), suitable not only for
forensic but also for anthropological purposes: Brandstatter
et al. [5] designed an assay of 16 SNPs for the characteriza-
tion of western Eurasian haplogroups; Quintans et al. [6]
combined 17 SNPs in two multiplexes, the first including
SNPs that define common European haplogroups, and the
second for polymorphisms defining sub-haplogroups within
haplogroup H.

It is widely agreed that this strategy, at least in forensics,
will not replace HVRI/HVRII sequencing. It can be used,
nonetheless, to increase the discrimination power in cases of
a HVRI/HVRII haplotype match.

It remains to be determined to what extent this gain of
information due to coding-region typing holds throughout
different west Eurasian populations. The best candidate for
this evaluation is haplogroup H due to (1) its poor phylo-
genetic resolution in HVRI, and (2) its being by far the most
common west Eurasian haplogroup, accounting for 40-50%
of the mtDNA pool in most of Europe, and ~20-30% in the
Near East and the Caucasus region [7-9].

Recently, using polymorphism information derived from
the growing complete mtDNA sequence database, we
sequenced 1580-bp of targeted coding-region segments of
the mtDNA genome in 649 individuals harbouring mtDNA
haplogroup H from populations throughout Europe, the
Caucasus and the Near East [10]. This screening included,
besides the haplogroup H diagnostic polymorphism 7028C,
all of the seven SNPs (3010A, 4769A, 6776C, 3992T,
4336C, 3915A and 4793G, defining, respectively, sub-hap-
logroups H1-H7) combined in multiplex 2 by Quintans et al.
[6], and the polymorphism 4745G that defines the additional
sub-haplogroup H13 [8]. This enhanced genealogical reso-
lution clearly showed that sub-clades of haplogroup H have
highly distinctive geographical distributions throughout Eur-
asia.

This improvement in phylogeographic resolution could
provide information relevant to forensics, namely to guide
the choice of SNPs to be typed. To test this hypothesis, we
have evaluated the potential of sub-typing these eight cod-
ing-region polymorphisms to increase the haplotype discri-
mination power inside haplogroup H in populations
throughout west Eurasia. Framed in a more practical foren-
sic context, we have also analysed, for the same purpose, a
subset of these population samples for which combined
HVRI/HVRII information, along with the above-mentioned
SNPs, was available. This is an attempt to extend the use of

phylogeographic approaches to mtDNA forensics, which
have been largely limited up to now to the quality control
of published sequences and databases [11].

2. Materials and methods
2.1. Samples and sequencing

We dissected haplogroup H variation in 649 samples
from 20 populations from Europe, the Caucasus and the Near
East (see Supplementary material), previously analysed only
for HVRI sequence variation and some haplogroup-diag-
nostic RFLPs. The populations were grouped as: SW (Por-
tugal [12], Spain-Madrid [10] and Basque Country [10]),
NW (France [7], Ireland [7] and Norway [7]), Med (Italy [7],
Sardinia [7] and Crete [7]), NE (Finland [13], Russia [7] and
Chuvash [7]), CSE (Poland [7], Czech Republic [7], Roma-
nia [7] and Bulgaria [7]), AJ (Ashkenazi Jews [14]), CA
(Caucasus [7]) and NRE (Palestine [7], Kurd [7] and Gulf
states [7]). We sequenced four mtDNA coding-region seg-
ments encompassing the principal diagnostic positions in
haplogroup H samples: 3001-3360, 3661-4050, 42814820,
and 6761-7050 (a total of 1580 bp) according to the num-
bering of the reference sequence (CRS) [15]. The new
sequences generated for this work have been deposited in
GenBank, accession nos. AY776364-AY778959. We also
included 31 complete sequences from Finland [13], avail-
able in GenBank, accession nos. AY339402-AY339432. In
Supplementary material, we give tables of the diversity in
these coding regions, together with diversity in HVRI and, in
some cases, also in HVRII.

For amplifying and sequencing the four coding-region
segments, the following four sets of primers were used:
L2978 5'-GTC CAT ATC AAC AAT AGG GT-3’ and H3361
5'-CGT TCG GTA AGC ATT AGG AA-3'; L3640 5'-TCT
AGC CAC CTC TAG CCT AG-3' and H4051 5'-TAG AGT
TCA GGG GAG AGT GC-3'; L4264 5'-CAT TCC CCC
TCA AAC CTA AG-3' and H4821 5'-AGA GGG GTG CCT
TGG GTA AC-3'; L6740 5'-TGG TCT GAG CTA TGA TAT
CA-3 and H7051 5'-GAT GGC AAATAC AGC TCC TA-3'.
The temperature profiles for the PCR were: 95 °C for 10 s,
64 °C for 30 s, and 72 °C for 30 s, for 35 cycles, for the third
pair of primers, and the same, except with 58 °C as annealing
temperature, for the others. We carried out automated
sequencing in an ABI 3100, using the Big-Dye Terminator
Cycle Sequencing Ready Reaction kit (AB Applied Biosys-
tems).

2.2. Genetic analysis

Control-region positions considered for analysis were
between nucleotide positions 16024-16365 for HVRI, and
73-340 for HVRII. The hypervariable positions 16182 and
16183 in HVRI and the indels at positions 309 and 315 in
HVRII were not considered in the analysis [16]. Assignment
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