
Reprint Series 
7 February 1992, Volume 255, pp. 737-739 SCiENCE 

Human Origins and Analysis of Mitochondrial 
DNA Sequences 

S. BLAIR HEDGES, SUDHIR KUMAR, KOICHIRO TAMURA, AND.MARK STONEKING 

Copyright © 1992 by the American Association for the Advancement of Science 



7 FEBRUARY 1991 

Human Origins and Analysis of ,Mitochondrial 
DNA Sequences 

A recent ai1alysis of human mitochondrial 
DNA sequences from widely distributed 
populations (1) resulted in a phylogenetic 
tree that supported an African origin for 
human mitochondrial DNA. This finding, 
with the use of the method of maximum 
parsimony, was shown to be significant with 
two statistical tests. We have reanalyzed 
these data with the same method and anoth­
er method (neighbor-joining), and our re­
sults do not show statistical resolution for 
the geographic origin of human mitochon­
drial DNA. 

For both of our phylogenetic analyses, we 
used the data set of the original study (1, 2). 
Our maximum parsimony analysis resulted 
in a large number of equally parsimonious 

trees of 523 steps (3), five steps shorter than 
in the original analysis. As would be expect­
ed in a parsimony analysis, when the num­
ber of sequences (136 humans) is larger than 
the number of characters (117 informative 
sites), there is a large (and in this case 
unknown) number of maximum parsimony 
(MP) trees (4). Because individual MP trees 
are not necessarily generated randomly from 
the total set of MP trees, any subset is likely 
to be biased by the order in which the 
sequences in the analysis are added (5). To 
avoid this bias we performed five separate 
analyses, each with sequences added ran­
domly, 104 MP trees saved, and a majority­
rule consensus tree generated. Each of the 
five majority-rule trees was considerably dif-
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Fig. 1. Phylogenetic trees showing the relation­
ships of human mitochondrial DNA sequences 
(692 sites) from data of Vigilant et al. (1). Afri­
cans are identified by asterisks. A. American de­
notes African American. (A) A strict consensus 
tree of 50,000 maximum parsimony trees, each 
constructed by the maximum parsimony method. 
(8) A neighbor-joining tree showing bootstrap P 
values (0 to 100%) for each node. Nucleotide 
substitutions per site are indicated on scale at 
lower left. 

ferent from one another, which confirms 
that a large number of MP trees exist and 
that different subsets are biased. Although 
the two to ten most basal nodes in the five 
majority-rule trees lead exclusively to Afri­
cans, the branching order of even those 
lineages differs among the five trees. To 
determine the groups supported in all MP 
trees, we obtained a strict consensus tree (6) 
of the 5 x 104 MP trees (Fig. lA). ~­
though this number of trees represents only 
a small fraction. of the total set of MP trees, 
the poor resolution of relationships (Fig. 
lA) indicates that parsimony analysis is un­
able to resolve the deep branches of the tree. 
Additional MP trees would not alter that 
conclusion. 

Our neighbor-joining reanalysis (7) re­
sulted in a single tree showing some geo­
graphic cohesiveness among the Mricans 
(Fig. IB). Most notably, all 16 !Kung form 
a group, in contrast with the original tree 
(1) where they were placed as 13 indepen­
dent deep branches. This difference is im­
portant because it was the deep branching of 
the !Kung that provided statistical support 
for an African origin. Although the two 
deepest branches of our neighbor-joining 
tree lead exclusively to Africans (!Kung and 
Pygmies), those bifurcations are not statis­
ticallysupported (bootstrap,P = 0.13 andP 
= 0.07, respectively). Ooly six nodes in the 
tree, all defining small clusters (two to six 
individuals), are statistically significant 
(bootstrap, P ~ 0.95). 

The reason that this reanalysis differs so 
greatly from the original study (1) is that the 
tree on which the first conclusions were 
drawn was not representative of the total set 
of MP trees. Thus, the two statistical tests 
made in the original analysis are not valid. 
Those tests cannot be performed on the 
trees presented in Fig. 1 because their 
branching order is not statistically resolved. 
Although an African origin for humans is 
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supported by other kinds of data and other 
molecular data (8), and is suggested by the 
mtDNA sequence data (Fig. IB), the avail­
able sequence data are insufficient to statis­
tically resolve the geographic origin of hu­
man mitochondrial DNA. 

Templeton concludes that the original 
phylogenetic analysis (1) was inadequate 
for the same reasons described here. How­
ever, we note that the 100 trees he found 
are four steps longer than the 50,000 trees 
we have analyzed (6); hence, the tree he 
presents (his figure 1) is not an MP tree. 
Furthermore, the Mrican origin hypothesis 
was not derived solely from the phyloge­
netic analysis; patterns of mtDNA varia­
tion within different human populations 
also have been used to support an Mrican 
origin (1, 9). 

What data are needed to resolve the 
evolutionary history of our species if this 
data set, perhaps the largest available, is 
insufficient? The absence of a strong asso­
ciation between mtDNA sequence and 
geography, especially among the non-Mri­
cans (Fig. IB), suggests that the same 
multiple mtDNA types have been main­
tained in widely separated populations 
since those populations diverged, thus con­
founding an evolutionary interpretation of 
the data. DNA sequence data from multi­
ple nuclear genes, in combination with the 
mtDNA sequence data, likely will be need­
ed to overcome the effect of individual 
gene phylogenies. We then may be able to 
gain a better perspective of human origins 
and evolution. 
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