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Phylogenetic Network for European mtDNA
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The sequence in the first hypervariable segment (HVS-I) of the control region has been used as a source of evo-
lutionary information in most phylogenetic analyses of mtDNA. Population genetic inference would benefit from
a better understanding of the variation in the mtDNA coding region, but, thus far, complete mtDNA sequences
have been rare. We determined the nucleotide sequence in the coding region of mtDNA from 121 Finns, by
conformation-sensitive gel electrophoresis and subsequent sequencing and by direct sequencing of the D loop.
Furthermore, 71 sequences from our previous reports were included, so that the samples represented all the mtDNA
haplogroups present in the Finnish population. We found a total of 297 variable sites in the coding region, which
allowed the compilation of unambiguous phylogenetic networks. The D loop harbored 104 variable sites, and, in
most cases, these could be localized within the coding-region networks, without discrepancies. Interestingly, many
homoplasies were detected in the coding region. Nucleotide variation in the rRNA and tRNA genes was 6%, and
that in the third nucleotide positions of structural genes amounted to 22% of that in the HVS-I. The complete
networks enabled the relationships between the mtDNA haplogroups to be analyzed. Phylogenetic networks based
on the entire coding-region sequence in mtDNA provide a rich source for further population genetic studies, and
complete sequences make it easier to differentiate between disease-causing mutations and rare polymorphisms.

Introduction

Most phylogenetic analyses of mtDNA have been based
on sequence variation in the first hypervariable segment
(HVS-I) of the control region (Richards et al. 1998; Ma-
caulay et al. 1999). Both high mutation rate and variation
in the substitution rate among sites make the evolution
of HVS-I complex, however, and make phylogenetic anal-
yses subject to errors. Parallel mutations at some sites and
lack of information at other sites may cause the analyses
to fail and to lead to networks either low in resolution
or with an incorrect topology.

RFLPs in the coding region have been used to define
mtDNA haplogroups (Torroni et al. 1996). Those ob-
served in European populations can be subsumed within
four mtDNA haplogroup clusters: HV, UK, TJ, and
WIX. The most accurate phylogenetic networks for Eu-
ropean mtDNA have been constructed by use of se-
quence data from HVS-I (Richards et al. 1998), aug-
mented with data from RFLP analyses of the coding
region (Macaulay et al. 1999) and from HVS-II se-
quences (Helgason et al. 2000). The use of HVS-I se-
quence data has led to inconsistent definition of the
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haplogroup subclusters, however, since some of the hap-
logroups have been divided into inappropriately small
subgroups whereas it has not been possible to subclas-
sify others at all.
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Table 1

Samples in the Study Population

HAPLOGROUP DEFINITIONa

NO. OF SAMPLES

Total Sequenced

H: �7025AluI, �10394DdeI 188 31
V: �



Finnila



Figure 1 Phylogenetic network based on variation in the coding sequence in mtDNA from 192 Finnish subjects. The outgroup is mtDNA
from an African individual (Ingman et al. 2000; GenBank accession number AF346980). Numbers inside the nodes denote samples. Unless
marked otherwise, the polymorphic variants, shown on the lines connecting the nodes, are transitions. Superscripts indicate transversions or
inserted nucleotides. Position 10398 was down-weighted in the analysis, but otherwise the weights of the nucleotide positions were equal. A
reticulation due to variation at position 15884 within haplogroup W was resolved by assuming a back mutation in samples 72 and 73. The
following substitutions were common to all samples: 3423GrT, 4985GrA, 9559GrC, 11335TrC, 13702GrC, 14199GrT, 14272GrC,
14365GrC, 14368GrC, and 3106delC. i p insertion; d 9bp p 9-bp deletion in the CO II-tRNALys intergenic region; @ p back mutation; h
p heteroplasmic mutation.
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logroup W. Interestingly, the heteroplasmic mutations
7706GrA in COX II and 14696ArG in tRNAGlu were
confidently identified in haplogroup W.

Haplogroup I consisted of two subclusters; subcluster
I1 was determined by 3990CrT, 6734GrA, 8616GrT,
9053GrA, 9947GrA, and 10915TrC and included
62% of the samples, and subcluster I2 was characterized
by the coding-region polymorphism 15758ArG and in-
cluded 38% of the samples. Only four samples belonged
to haplogroup X. The nine samples belonging to hap-
logroup Z clearly formed an outlier group in the material
used in the present study, with 18 unique polymorphisms
in the coding region (fig. 1).

Haplogroups U and K (Finnilä et al. 2000, and in
press) and haplogroups T and J (Finnilä and Majamaa
2001) were accommodated in the network. The poly-
morphisms in the coding region (fig. 1) yielded a to-
pology that showed distinct clusters of haplogroups HV,
UK, TJ, and WIX and that had a good concordance
with the European-mtDNA tree based on variation in
the HVS-I (Richards et al. 1998). Specific clusters of
polymorphisms served to determine all the haplogroups,
and, furthermore, a major division could be made on
the basis of the status at position 12705, so that hap-
logroups H, V, U, K, T, and J harbored 12705C whereas
haplogroups I, W, X, and Z harbored 12705T.

Comparison of Networks Based on Variation in the
Coding Region and the D Loop

Since the previous networks obtained for Europeans
rely on the HVS-I, the coding-region network was com-
pared with that based on the variation in the D loop
(fig. 2). Networks were first constructed for each hap-
logroup separately, and then they were combined to
show the general topology. Reticulations were resolved
whenever possible by assuming seven back mutations in
the less frequent haplotypes. Subclusters could be con-
fidently identified in the D-loop network also, with only
a few exceptions: subcluster J2 was divided in two, and
subclusters W1 and W2 were partly overlapping, but
otherwise there was a good concordance between the
subclusters detected in the network based on the coding-
region sequence and those detected in the network based
on the D-loop sequence.

Homoplasies in the Coding Region

The total number of homoplasic positions among the
192 mtDNAs was 70 (tables 3 and 4). In the coding
region, 21 positions were homoplasic; 7 of these were
nonsynonymous, 10 were synonymous, and 6 were other
mutations. Homoplasic sites constituted 0.14% of the
sites in the coding region and 4.4% of those in the D
loop, suggesting a rate ratio of 1:31.

Most of the homoplasies occurred in different hap-
logroups. Only two (9.5%) of the sites in the coding

region harbored homoplasies within a haplogroup,
whereas in the D loop the corresponding figure was 19
sites (39%). Some of the homoplasies in the D loop
occurred at sites that have been used to determine hap-
logroups; for example, 16223CrT is a mutation that,
because of their shared ancestry, occurred in all the sam-
ples in haplogroups I, W, X, and Z but was also present
in some samples in haplogroups T and U. Similarly,
16298TrC was found in all the samples in haplogroups
V and Z and in some samples in haplogroup T, and
16292CrT was found in all but one of the samples in
haplogroup W and in one sample in haplogroup T.

Discussion

Topology of mtDNA Phylogenetic Networks

Complete sequences of the human mtDNA have just
begun to emerge (Finnilä et al. 2000; Ingman et al. 2000;
Elson et al. 2001). In the present article, we have de-
termined the mtDNA sequence for 121 Finns, and, after
complementing our recent data (Finnilä and Majamaa
2001; Finnilä et al., in press), we were able to construct
a phylogenetic network based on complete mtDNA se-
quences for 192 Finns, making this the largest set of
human mtDNA sequences reported so far. Samples from
all the mtDNA haplogroups present in this population
were included. Certain nuclear markers (Cavalli-Sforza
et al. 1994) and markers on the Y chromosome have
suggested that the Finns are outliers in Europe (Sajan-
tila et al. 1996; Zerjal et al. 1997), but the number of
mtDNA lineages shared between the Finns and other
Europeans is high, suggesting that the Finnish samples
represent European lineages (Vilkki et al. 1988; Sajantila



Figure 2 Phylogenetic network of mtDNA, based on variation in the D-loop sequence. The outgroup is mtDNA from an African individual
(Ingman et al. 2000; GenBank accession number AF346980). Fast-evolving sites 303, 311, and 16519 were not included in the network. i p
insertion; d p deletion; @ p back mutation. The superscripts indicate transversions or inserted or deleted nucleotides. For further information,
see the legend to figure 1.
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Table 3

Parallel Mutations Detected in the Coding Region of mtDNA in 192 Finnish Samples

POSITION GENE

AMINO ACID

SUBSTITUTION

HAPLOGROUPa

H V U K T J W I X Z



Table 4

Parallel Mutations Detected in the D Loop of mtDNA in 192 Finnish Samples

POSITION

NUCLEOTIDE

CHANGE

HAPLOGROUPa

H V U K T J W I X Z

16051 ArG � � 2 � � � � � � �
16093 TrC � � � � � � � � � �
16129 GrA � � � � � � � � � �
16145 GrA � � � � � � � � � �
16146 ArG � � � � � � � � � �
16172 TrC � � � � � � � � � �
16182 ArC � � � � 2 � � � � �
16183 ArC � � � � 2 � � � � �
16186 CrT � � � � � 2 � � � �
16189 TrC � � 4 � 2 � � � � �
16192 CrT � � 3 � � � � � � �
16223b CrT � � � � � � � � � �
16224 TrC � � � � � � � � � �
16256 CrT � � � � � � � � � �
16261 CrT � � � � � � � � � �
16274 GrA � � � � � � � � � �
16278 CrT � � � � � � � � � �
16292 CrT � � � � � � � � � �
16294 CrT � � 2 � � � � � � �
16298 TrC � � � � � � � � � �
16304 TrC � � � � 2 � � � � �
16311 TrC � � � � � � � � � �
16362 TrC � � 2 � � � � � � �
16558 GrA � 2 � � � � � � � �
73c ArG � � � � � � � � � �
93 ArG � 3 � � � � � � � �
143 GrA � � � � � � � � � �
146 TrC � � � � � � � � � �
150 CrT � � � � � 2 � � � �
152 TrC � � � � � � � � � �
185 GrA � � � � � 2 � � � �
188 ArG � � � � � 3 � � � �
189 ArG � � � � � � � � � �
195 TrC � � � 2 2 2 2 � � �
199 TrC � � � � � � � � � �
207 GrA � � � � � � � � � �
217 TrC � � 2 � � � � � � �
227 ArG � 2 � � � � � � � �
228 GrA � � � � � � � � � �
248 delA � � � � � � � � � �
295 CrT � � � � � � � � � �
311 CrT 2 � � � � � � � � �
322 GrA � � � � � � � � � �
462 CrT � � � � � � � � � �
489 TrC � � � � � � � � � �
497 CrT � � � � � � � � � �
498 CrT � � � � � � � � � �
514 insCA 2 � 2 2 � � � � � �
568 insCC � � � � � � � � � �

NOTE.—The following mutational events were not included in the table: 16166ArG in hap-
logroup H, 16166ArC in haplogroup I, 16166delA in subcluster U4, 16129GrC in subcluster
U2, 16183ArG in haplogroup V, 456delC and 456CrT in haplogroup H, 514insCACA in
haplogroup H, 514delCA in subcluster U5, 568insC in subcluster U5, 568insCCCC,
568insCCCCC in haplogroup I. Hypervariable positions 303 and 16519 were also excluded.

a Notation is as in table 3.
b Has shared ancestry in haplogroups I, W, X, and Z but occurs as a parallel mutation in

haplogroups T and U.
c Has shared ancestry in haplogroups U, K, T, J, I, W, X, and Z but occurs as a parallel

mutation in haplogroup H.
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uating the possibility of the recombination that has been
suggested to take place in mtDNA (Awadalla et al. 1999;
Eyre-Walker et al. 1999). The homoplasies identified
among the 192 mtDNAs did not share neighboring poly-
morphism, indicating that they had arisen as solitary
mutations rather than as a consequence of the recom-
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S (1996) Paternal and maternal DNA lineages reveal a bot-
tleneck in the founding of the Finnish population. Proc Natl
Acad Sci USA 93:12035–12039
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