
JEWS & COMMENT 1 
HUMAN EVOLUTION 

Mitochondria1 Eve: Wounded, 
But Not Dead Yet 
I t  has been a tough year for mitochondrial 
Eve. After 5 years as the rising star of human 
evolutionary studies, Eve went into a free fall 
earlier this year when biologists found serious 
flaws in the evidence supporting the so-called 
Eve hypothesis, which holds that we all in- 
herited our mitochondrial DNA from one 
woman who lived in Africa some 200.000 
years ago. Eve is still reeling from the blow. 
Indeed, if the headlines in the popular press 
are any indication, she may not bounce back. 

by molecular anthropologist Allan Wilson of 
Universitv of California. Berkelev, who , . 

claimed to know ~ v e ' s  age and whereabouts- 
that she lived about 200,000 years ago in 
Africa. And that's why so much is at stake 
here: If Wilson's thesis were to pass into 
oblivion, it could take with it a leading theory 
of modern human origins-the "out-of-Af- 
rica" model. A t  least that's what some of the 
theory's critics say, among them Washington 
University geneticist Alan Templeton. The 
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Out of Africa. A disputed phylogenetic "tree" based on mitochondrial DNA (outer edge) points to 
a female ancestor whose female offspring left Africa to colonize other continents. 

This spring, Newsweek proclaimed "Eve Takes 
Another Fall," while USA Today announced 
that "anthropologists are saying it's time to 
write Eve's obituary." 

But the reports of Eve's death may have 
been greatly exaggerated. Indeed, no  one ar- 
gues with the idea that all modern humans 
inherited their mitochondrial DNA from one 
common female ancestor. But what is in dis- 
pute is the hypothesis first put forth in 1987 

"out-of-Africa" proponents, explains Temple- 
ton, relied heavily on the mitochondrial Eve 
data to claim that modern humans evolved 
first in Africa, and then spread out around 
the globe, replacing more primitive humans. 

But scientists on the other side of the 
issue, like paleoanthropologist Christopher 
Stringer of the Natural History Museum, 
London, say it is far too soon to say the last 
rites for mitochondrial Eve, much less the 

out-of-Africa model: "Eve may have had a 
quick kick on the backside, but the out-of- 
Africa hypothesis certainly isn't dead," says 
Stringer. Other lines of fossil and genetic 
evidence, he adds, still point to  Africa as the 
birthplace of modern humans. (The fossil 
evidence is discussed on  p. 875.) Even Uni- 
versity of Arizona systematic entomologist 
David Maddison, whose group found flaws in 
the mitochondrial Eve evidence, says: "The 
jury is still out." 

Before the fall 
Ironically, Eve's case never looked stronger 
than it did a year ago, just before she fell from 
grace. In the 27 September issue of Science, 
Wilson and his colleagues at the University 
of California, Berkeley, ~ublished a paper 
that purported to provide a stronger founda- 
tion for the Eve hypothesis first proposed by 
Wilson and his graduate students, Rebecca 
Cann and Mark Stoneking, in 1987 in Na- 
ture. In that paper, they claimed they could 
trace the origins of modern humans by exam- 
ining the DNA of the mitochondria, the tiny 
structures within each cell that eenerate its - 
energy and that are transmitted only by the 
mother. The underlying premise was that they 
could determine how closely related people 
of different ethnic origins are by comparing 
their mitochondrial DNAs (mtDNAs). By 
building ancestral trees based on those rela- 
tionships, the researchers could then trace 
the branches backward until they reached 
the last common ancestor from whom we all 
inherited our mitochondrial DNA. 

When the Wilson group first compared 
the mtDNAs of various peoples, they were 
struck by how vividly the Africans stood out: 
Their mtDNA was far more diverse than that 
of other regional groups, implying that people 
have lived longer in Africa, because it would 
take more time to accumulate the larger num- 
ber of mutations in their DNA. And, when 
the Berkeley group calculated how long it 
would take to accumulate those mutations at 
a steady rate, they concluded that it would 
take between 140,000 and 280,000 years- 
thereby giving Eve's approximate age. But 
the critics launched several comulaints: The  - -  ~ 

researchers had detected the ~ ~ D N A  varia- 
tions by restriction analysis, an enzymatic 
method which is less thorough than actually 
determining the DNA sequences; they had 
used African Americans to represent native 
Africans; and they had used an  inferior 
method to build a phylogenetic tree. 

So, last September, the group came back 
with the Science paper, which appeared a few 
weeks after Wilson's death, hoping to ad- 
dress criticisms. They had sequenced more of 
the mitochondrial DNA from a larger num- 
ber of people from diverse geographic ori- 
gins, including several ethnic groups in Af- 
rica, Asia, and Europe. Then, they entered 
those data into a highly-regarded computa- 
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tional program called PAUP, or Phylogenetic 
Analysis Using Parsimony, which had been 
written to deduce evolutionary relationships 
between species, based on the assumption 
that the most "parsimonious" trees are the 
most likely to mimic best what happened 
during evolution. Their conclusion: "Our 
study provides the strongest support yet for 
the placement of our common mtDNA an- 
cestor in Africa some 200,000 years ago." 

The fall from grace 
But when Maddison. then a ~ostdoc at 
Harvard University, t&k a look a; the phyla- 
genetic tree, he realized right away that some- 
thing was wrong-the 25 !Kung bushmen of 
Africa were split on the deepest branches of 
the tree, even though the !Kung are 
closely related. So he contacted 
Wilson's co-authors on the Science 
paper, Stoneking and Linda Vigi- 
lant, now at Pennsylvania State 

I 
University, and got their data. Af- 
ter 4500 comDuter runs. Maddison 
ended up wi& thousah  of trees 
that were even more ~arsimoni- 
ous-and many showed non-Afri- 
can roots. 

At about the same time, Tem- 
pleton was doing his own PAUP 
run and coming to a similar conclu- 
sion. And an analysis by molecular 
systematist Blair Hedges and his col- 
leagues in the laboratory of Masa- 
toshi Nei at Penn State showed that 
the order in which the data were ente 

University geneticists Kenneth and Judith 
Kidd. These researchers surveyed 100 poly- 
morphisms-markers indicating mutations in 
the DNA-in the nuclear DNA of 5 differ- 
ent populations, including African pygmies, 
other Africans, Chinese, Melanesians, and 
Europeans. The result: the polymorphism 
appeared far more frequently in the DNA of 
the Africans. Cavalli-Sfona says it is tough 
to quantify how much more, but estimates 
that the Africans have at least twice as much 
genetic variation as people from other conti- 
nents-clearly implying, says Cavalli-Sfona, 
a longer human heritage in Africa. 

And at Emory University, geneticists Doug 
Wallace and Antonio Torroni have similar 
results from their survey of genetic variation in 

Tree bullder. Joe Felsenstein is developing methods to 
grow better phylogenetic trees. 

:red into 
the PAUP program influenced whether the 
best tree was rooted in Africa or somewhere 
else. Hedges showed the data to Stoneking, 
who then agreed to sign a letter admitting 
the error to Science (7 February, pages 636 
and 737). Ever since, anthropologists and 
evolutionary biologists have been saying 
there's no proof that mitochondrial Eve lived 
in Africa about 200,000 years ago, and that 
the out-of-Africa theory is now seriously 
threatened. 

The counterattack 
But while Stoneking and Vigilant admit they 
made mistakes using PAUP, they maintain 
that other lines of genetic and fossil evidence 
still support putting Eve in Africa. The best 
evidence, says Cann, is the diversity in Afri- 
cans' DNA, which has been found, not just 
by their group, but by others in both mito- 
chondrial and nuclear DNA. "The tree is 
only one part of the argument," says Cann. 
"A tree is an abstraction from the sequences, 
and the sequences themselves are not dis- 
puted. The diversity of sub-Saharan African 
lineages is still there." 

Among the other studies that Cann thinks 
buttress her case, the most extensive was per- 
formed by Stanford University geneticist Luigi 
Luca Cavalli-Sfona in collaboration with Yale 

the mitochondrial DNA of 186 Snedese  
from several different mbes. Using bo& re- 
striction enzyme analysis and DNA sequenc- 
ing, they found that the Senagalese had roughly 
twice as much genetic variation as did non- 
Africans. "You don't need the computer to see 
divergence is much greater in Africans," says 
Torroni. "So, the fact that the statistical analy- 
sis wasn't used in the most efficient way doesn't 
mean your theory is wrong." 

And yet another line of evidence is begin- 
ning to come from the study of the Y chromo- 
some: Although these studies are just getting 
off the ground, and the results are mixed, a 
few have pointed to African origins for some 
DNA markers on the Y chromosome (Science, 
25 January 1991, p. 378). Stoneking points 
to all of those studies when he says: "In my 
opinion, out-of-Africa isn't in trouble at all. 
We have as much, if not more, evidence for 
African origins as we did 5 years ago." 

Critics unmoved 
But this staunchdefense of Eve by her tribe of 
anthropologists and geneticists doesn't sway 
Templeton and the other critics; they still 
think the founding mother is dead. In a March 
1993 s~ecial issue of the American Anthro- 
pologist, Templeton disputes a prediction 
made bv the out-of-Africa hmothes i t ha t  , * 
there should have been a rapid expansion in 

the range of modem humans living in the 
Old World about 100,000 years ago, and that 
they drove other populations to extinction. 
His analysis of the mitochondrial data from 
populations analyzed by Rutgers University 
geneticist Laurent Excoffier shows no sign of 
that. By tracing particular gene markers, about 
70 of them, indifferent populations, Temple- 
ton sees no signs of a rapid range expansion, 
which would show up in the widespread dis- 
persal of key variants. Instead, he sees indica- 
tions that there were expansions of range 
within continents and low-level interbreed- 
ing among early human populations. That 
pattern, Templeton says, supports a compet- 
ing theory, regional continuity, whichclaim 
that modem humans evolved in different geo- 
graphic locations at the same time, and inter- 
bred to form a single species. 

What's next? 
So if both Eve's backers and her critics are 
holding fast, what's going to settle this de- 
bate? "If these were my molecular data, I 
would hit them with a bunch of different 
methods, and see if I start to get consistent 
results," says agnostic Maddison. That's pre- 
cisely what Stoneking and his colleagues are 
doing: With the help of Hedges, they built a 
tree using a so-called "neighbor-joining" 
method developed by Nei. Unlike PAUP, 
which compares individuals, Nei's method 
builds phylogenetic trees by continually pair- 
ing sequences so that it minimizes the total 
amount of change in the tree. 

The trouble is that a statistical test (called 
bootstrap analysis) of how well the data sup- 
port the tree shows there is very little statistical 
confidence in the finding. Hedges defends the 
method, however, saying that it is more reli- 
able than PAUP in thii case. It results in only 
one or a small number of "minimum evolu- 
tion" trees whereas PAUP must sift through 
billions of most parsimonious trees. Hedges 
also points to the placing of every !Kung se- 
quence in a single group as evidence for the 
reliability of the method. But Stoneking isn't 
making any grand claims yet: "We're still grop- 
ing our way through thii," he admits. 

They may get some help, however, from 
evolutionist Joe Felsenstein. In his lab at the 
University of Washington in Seattle, Felsen- 
stein and postdoc Mary Kuhner have been 
working long hours at the computer to test 
out a method of drawing conclusions about 
population history known as maximum like- 
lihood. Felsenstein explains that this method 
attempts to accumulate evidence about popu- 
lation sizes and migration rates by summing 
over all possible trees the probability of get- 
tine the observed molecular seauences. The 
ad;antage of this method is thit it allows a 
researcher to test out a hmothesis and see , * 
how well it is supported by the data--some- 
thing that, if it works, would impress the 
other phylogenetic modelers, including 
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Maddison and Templeton. But at this stage, 
Felsenstein is still using simulated data. He 
expects to start using the method wit11 real 
data next year. 

Even if maximum likelihood does all that 
Felsenstein promises, it may take some doing 
to win back the trust of some of the anthro-
pologists who felt burned by how long it took 
to expose the problems underlying the phy-
logenetic analysis. Says University of Chi-
cago paleoanthropologist Richard Klein, who 
has cited the mitochondrial data to back up 
his areuments that the fossil data ~ o i n t e d" 
toward an out-of-Africa model: "If the mito-
chondrial Eve theory can go for 5 years, and 
not only survive but grow in significance with 
no one pointing out that they were misusing 
the PAUP program, people like me are going 
to have to be very careful." 

And, partly because their confidence in 
the tree-building methods also has been 
shaken, Cann  and Stoneking, in fact, are 
among those looking at other ways to analyze 
DNA that do not relv exclusivelv on  build-
ing phylogenetic trees. One possibility: com-
paring DNA sequences in modern humans 
whose migratory history is known, such as 
Polynesians who spread out over the Pacific, 
to see if the DNA variations reflect these 
population movements. If they do, that will 
help the researchers understand better the 
rates at which the mtDNA and nuclear DNA 
evolve, and improve the accuracy of their 
calculation of the age of a common ancestor, 
such as mitochondrial Eve. C a n n  and 
Stoneking also hope to sequence more seg-
ments of the mitochondrial DNA (not just 
the highly variable regions), and to comple-

ment that data with studies of the nuclear 
genome. A t  the same time, anthropologists 
also are working on  wavs to extract the DNA 
from fossils, with the idea that someday they 
mav be able to analvze DNA directlv from 
the'remains of an eaily human. 

With the emergence of new methods, and 
u 

the persistence of those using old ones, the 
story of mitochondrial Eve is obviously still 
unfolding. Perhaps University of Texas mo-
lecular evolutionary biologist David Hillis, 
who is editor of articles on the Eve analysis in 
Systematic Biology, sums it up best: "The data 
are simply ambiguous. They don't argue that 
there wasn't an Africanorigin, and they don't 
argue that there was one. It's like saying you 
can't solve a mystery after reading one page 
of the book." 

-Ann Gibbons 
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