Revision of the mtDNA tree and
corresponding haplogroup
nomenclature

Detailed knowledge about the human mitochondrial (mt)DNA
phylogeny (1) is accumulating rapidly because of the growing
number of available complete mtDNA sequences from diverse
populations across the world. The work by Zhao et al. (2) makes
a valuable contribution to this knowledge by describing 25
complete mtDNA sequences from Tibetan and neighboring
populations. However, the phylogenetic tree shown in their fig-
ure 3 presents several conflicts regarding haplogroup nomen-
clature, as detailed below. As a solution, I hereby provide an
updated mtDNA phylogeny (Fig. 1) with revised haplogroup
nomenclature containing the 25 sequences by Zhao et al. plus an
additional 53 sequences that are relevant for the tree topology.
Starting from the left of Fig. 1, four changes are proposed.

First, in Build 7 (Nov. 10, 2009) of our mtDNA classifica-
tion tree (1), the label A10 was used for a different haplogroup
than the one that is named A10 by Zhao et al. (2). Therefore,
I propose to relabel Zhao et al.’s A10 to A1l. Moreover, the
defining mutations of haplogroup A1l can be refined to 9650-
16293C by considering the sequence with accession number
EUS597494 (3), which was probably overlooked by Zhao et al.

Second, there is an additional bifurcation within haplogroup
M13 as noted previously (4), so that Zhao et al.’s M13, M13a,
and M13b must be relabeled M13a, M13al, and M13a2,
respectively.

Third, the M16 haplogroup that is referred by Zhao et al. was
recently also found by others who labeled it M62 (5), and
it shares a basal mutation with haplogroup M40. Acknowledg-
ing first publication date, I propose to follow the M62 label.
Consequently, Zhao et al.’s M16, M16a, and M16b are now re-
labeled M62b, M62b1, and M62b2, respectively.

Fourth, the same haplogroup that is called M9c by Zhao et al.
was recently also found by others (5), who called it M9d.
In addition, the same study (5) used the label M9a2 to designate
a different branch than the one labeled M9a2 in Zhao et al. To
end the ongoing confusion regarding the nomenclature
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of haplogroup M9 sublineages, I propose a structurally more
logical nomenclature for this haplogroup avoiding the labels
M9c, M9d, and M9a2. As a consequence, Zhao et al.’s M9a,
M9al, M9a2, and M9c are now relabeled M9ala, M9alal,
M09ala2, and M9alb, respectively.

I believe that these changes are necessary to reach universally
accepted mtDNA haplogroup nomenclature, which is essential
to the comparison of different mtDNA studies. The revisions
will also be shown in the next build of the mtDNA tree available
at http://www.phylotree.org (1).

Mannis van Oven"
Department of Forensic Molecular Biology, Erasmus University
Medical Center, 3000 CA Rotterdam, The Netherlands

1. van Oven M, Kayser M (2009) Updated comprehensive phylogenetic tree of global

human mitochondrial DNA variation. Hum Mutat 30:E386-E394.

2. Zhao M, et al. (2009) Mitochondrial genome evidence reveals successful Late Paleo-

lithic settlement on the Tibetan Plateau. Proc Nat/ Acad Sci USA 106:21230-21235.

3. Hartmann A, et al. (2009) Validation of microarray-based resequencing of 93 world-

wide mitochondrial genomes. Hum Mutat 30:115-122.
4. Soares P, et al. (2009) Correcting for purifying selection: An improved human mi-
tochondrial molecular clock. Am J Hum Genet 84:740-759.
. Chandrasekar A, et al. (2009) Updating phylogeny of mitochondrial DNA macro-
haplogroup m in India: Dispersal of modern human in South Asian corridor. PLoS One
4:e7447.
. Bilal E, et al. (2008) Mitochondrial DNA haplogroup D4a is a marker for extreme
longevity in Japan. PLoS One 3:e2421.
. Dancause KN, Chan CW, Arunotai NH, Lum JK (2009) Origins of the Moken Sea
Gypsies inferred from mitochondrial hypervariable region and whole genome se-
quences. J Hum Genet 54:86-93.
. Fornarino S, et al. (2009) Mitochondrial and Y-chromosome diversity of the Tharus
(Nepal): a reservoir of genetic variation. BMC Evol Biol 9:154.
. Herrnstadt C, et al. (2002) Reduced-median-network analysis of complete mitochon-
drial DNA coding-region sequences for the major African, Asian, and European
haplogroups. Am J Hum Genet 70:1152-1171.
10. Ingman M, Kaessmann H, Paabo S, Gyllensten U (2000) Mitochondrial genome var-
iation and the origin of modern humans. Nature 408:708-713.

11. Ingman M, Gyllensten U (2007) Rate variation between mitochondrial domains and
adaptive evolution in humans. Hum Mol Genet 16:2281-2287.

12. Kong QP, et al. (2003) Phylogeny of east Asian mitochondrial DNA lineages inferred
from complete sequences. Am J Hum Genet 73:671-676.

13. Kong QP, et al. (2006) Updating the East Asian mtDNA phylogeny: a prerequisite for
the identification of pathogenic mutations. Hum Mol Genet 15:2076-2086.

14. Macaulay V, et al. (2005) Single, rapid coastal settlement of Asia revealed by analysis
of complete mitochondrial genomes. Science 308:1034-1036.

15. Soares P, et al. (2008) Climate change and postglacial human dispersals in Southeast
Asia. Mol Biol Evol 25:1209-1218.

16. Tanaka M, et al. (2004) Mitochondrial genome variation in eastern Asia and the
peopling of Japan. Genome Res 14:1832-1850.

17. Ueno H, et al. (2009) Analysis of mitochondrial DNA variants in Japanese patients with
schizophrenia. Mitochondrion 9:385-393.

5]

o

~

o

Xl

Author contributions: M.v.O. wrote the paper.
The author declares no conflict of interest.

*E-mail: m.vanoven@erasmusmc.nl.

www.pnas.org/cgi/doi/10.1073/pnas.0915120107


http://www.phylotree.org
mailto:m.vanoven@erasmusmc.nl

BRSNS PNAS  PNAS

|
8701 489

8540 10400
10398 14783
10873 15043
15301
[ [ 1
14569 152 15721 4481
12705 152 6253 16362
b 23 mize M13'!t6'61 e 9
1736 53.0(46.0-60.9) k
4248 709 8925 150
4324 4833 6023 16362 15954 2735
73 8784 5108 15924 16463 3511
1719 16290 16362 1 7664
16319 M13 145 980 M40 8149
0 48.0(40.2.56.1) k 1393 1183 13708
1 3588 1342 18510
3884 @is2 4394 143 18520
14766 16274 5173 9182 6032 5204 15629
544 9650 6620 116654 7828 5582C 16285
5393 16293C G3 10411 15468 5385 8268
7468 10790 15830 9115 8790 M
9348 Al 16145 16129 10130 11810 29.6(23.5.35.8) hy
2706 10084 11.5(7.6-15.6) ky 143 16188 11008 12732 I 1
7028 16227C | 15746 16189 M13b 11151 16093 146 4561
16311 1005 16311 307(24736.9 ky 13434 162710 310 16260
38994C Gia 16256 16381 4763 !
A0 w75 M13a 09 1211 18278 9935 Mé2b
8343 20.1(15.5-24.8) & 10172 4742 16300 MB1 11914 24.6(19.2:30.1)
1438 | 167 16263 90126 163437 12793
130 513 1 11506 | 16147 204
2 1914 2786 M13b1 @124 M46
16215 8405 16172 M62a
16362 10373 16195 203 1877
4769 3204 13395 16270 8270 3693
3290 G3al 15944d 828182880 6305
H2a 16234 16168 M 10978 1384
16527 673 16257 I 11431 |
8361 1959 !, 3378 M62b2 410
50 4952 | M13a2 6413 22254 M62b1 7(6.7-12.7) 11230
12634 M13ala 8.8(57.120) ky 7789 51T 1857 14389
Hza2 16083 8277 58984C 8931 07 16293C
16189 8279 6164 3090 T84 2232+A 16362
12621 11482 13708 16169 3915
5451 14831 12501 3084 16264
524+AC 16148 @16129 15553 M62b1a 5539 16192
13326 16172 16239 16093 9425 549 6056 16278
16226 @163t 3105 16325 16381 6779 [ 12215 8833 @16285
263 16148 8537 8387 7220 143 13569 16311
8860 16183 3552 9202C 14016 6221 9630C 16245
15326 18400 15884 15202 10235
16033 16188 16129
|_L| @489
13359
4500 12127 @16260
4907 12697
|5iﬁs 15?84
fCRS Zhao| Zhao| Hart Tan Tan Tan Tan Kong[Zhao|Zhao| Zhao|Forn Mac Chan Chan Danc Chan Chan Chan[Zhao|Zhao| Zhao| Zhao| Zhao| Zhac| Zhao| Zhao | Zhac | Zhao| Zhao| Zhao| Zhao
N_Tib{N_Tib|HGDP|R_Tib PD  HN ON Mg |N_TiblRTib|R Tib) The Tor DR ST MKN LA DR DI |R_TibG_Tib|G_Tib|R_Tib|Q_Tib| Uzb | Uyg |R_Tib|N_Tib|R_Tib|R_Tib|R_Tib[N_Tib
2831 | 2755 |01338 32 191 57 13 50 |2713( 457 | 426 |N39 54 30 7 2 43 53 79 | 470 67 | 52 |d09 | 44 | &7 | 5 | 722 | 2866 | 513 | 616 | 551 | 2786
nla|m » » » » o|lale|la]la » 2 m» = a = aAla|lel|lal|la|la|lalalalalala]|nl|a
fls|g g 2 2 2 B|Z(5|8(3 £ 8 8 E &8 & g|E|&|=(¢2|e|&8|2|2|¢E|E|e(E|¢E
NI 2 2 FEE AR 2 &8 8% & 8 S|x|z|z12|l2|s|2|2|8|2|2|2|2
5la]3 2 g 2 2 =R |8|&|3|8 8 §$ 4% 8 § 8 g|”|n|/a|n(n|c|s|B|R|B|D[R]|B
s|1g|¢g g & & B z|g|g|8|3 3 8 &2 8 B 8B Z|S|lelg|s|lE(s|slz(8|Elsle]2
S 2] 2 £ £ 2 2|8 ]s)=x 5 = = = Lo oDz Eg|jajs|s)ajEE)pafE))2fs
153
3384
9a'b
26.0 (22.0-34.1) ky
14308 s7345C
16234 709
5964
M9a 6842
22.3(17.8-26.8) ky 7609
I T 7788
1041 120 12864
58994C 16051
M9a1 6366 16208
19.9 (16.1-21.8) ky 16211 L
[ 1 MSb
16316 150 M3ad
152
M9ala 12362
14.9 (11.4-18.6) ky 18871
[ 1 16158
9242 7256 | 1763
16145 Ma1b 8670
M9atal 16362 9.6(7.5-11.6 ky i
12.0(8.1-14.9) ky [ T 11764
T T Mata2 11872 08 13020
5951 T4z 7.9 (4.9-10.9) ky 1 16274
153 9115 14417 M9a1b1 3622
11363 13434 8.6 (5.2-12.0) k 14683
16300 M9atlaic (1-576) 813 1021A 4592
| 102741300 ky 12082 4260 6284
M9atala M9alaib 13980 8357C M9aib2 4822 7673 8152
3.8 (2.8-4.8) ky 7697 (16024- 11623 237 1643R
15291 16569) 13246 10454
9atalc2 200 151 M9aibia 16083 16265C
M9atatci 141424 6512 9305 16176
195 1 16293 11536 15924 9275C 102924 16398
7319 15839 160937 15456 15034 101586
11893 7853 15607 309 15151 711 16354 15299 1914 16311
15784 081 16318 6371 13413 8618 573+C 16173 3818 58934C 154554 15671 16311 16093
16527 16526 6293 5786 7774 1539u 10289 153 5046 16189 5315 asan
12879 7268 16051 15927 5492 154877
| 9u|33 | 1ai1s |
Ing Tan Tan Uen Ing Tan Tan Tan Bil Tan Tan Tan Tan Kong Tan m Chan Chan Chan Chan Herr [Zhao| Zhao| Zhao| Chan Chan Chan Chan cn.n cmn Chan Chln Chan Chan Soa Bil Kong
ND JD SP 149 HN HN HN SC ON ND JD PD XJ PD HN LAC LAC DR DR 168 [N Tib|Y Tib[RTibl GL SK WA SK LP SK ViA WA VNM SC  Hui
07 45 8 2 26 180 2 144 89 41 43 420 11 28 2 0 100 46 2798 61 [315) 26 78 30 39 105 sn 108 72 106 60 235 108 45
= > = > m » > > > = > > » - n m -m n [~} - n - -m n - - n - - m » o
g g 3 g g g g g g g g g E L EE FIE|E|B|EEEEEEECEEZ ; 2 8
3 3 & § 8 2 8 & g 8 g|3|[3|5]2 & g & g 8 @ & g g 3 § N
SEEEEEEEEEEEEEEER RN HHIIIEEEEEEEEE: O

Fig. 1. Revised mtDNA phylogeny with newly proposed haplogroup nomenclature based on 78 complete mtDNA sequences. The 25 sequences in boxes are from
Zhao et al. (2). Mutations are transitions unless an exact base change is specified; R or Y indicate heteroplasmic states. Insertions and deletions are indicated with + and
d, respectively. C insertions at positions 309 and 315, dinucleotide deletions of positions 523-524, and transitions at position 16519 were omitted. Homoplasic mu-
tations are underlined only when they are recurrent within one of the clades A, M12'G, M13'46'61, M40'62, or M9. In the case that they are back mutations of an
ancestral mutation, they are preceded by @. Age estimates for haplogroups (+ SE intervals) were calculated using entire genome substitutions according to ref. 4.
Sample names refer to the sources Bilal et al. (6), Chandrasekar et al. (5), Dancause et al. (7), Fornarino et al. (8), Hartmann et al. (3), Herrnstadt et al. (9), Ingman et al.
(10), Ingman and Gyllensten (11), Kong et al. (12), Kong et al. (13), Macaulay et al. (14), Soares et al. (15), Tanaka et al. (16), Ueno et al. (17), and Zhao et al. (2), and they
can be looked up in GenBank through their respective accession numbers.
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