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suggests that native Americans were derived 
from migrants who carried only a small sam- 
ple of Asian mitochondrial types. More im- 
portantly, researchers found that the Amer- 
inds have all four lineages, the NaDene have 
only A, and the Eskimos have A and D. This 
suggests there were different migrations at 
different times. 

But more recent studies suggest there may 
have been more founding lineages in the New 
World. Merriwether's study, presented at the 
Oxford meeting, is based on an analysis of 
mitochondrial DNA from 1300 native 
Americans from more than 40 populations 
across the whole of the continent. Merri- 
wether's team also extracted ancient DNA 
from bone fragments and mummified tissue 
remains from 300 individuals at three main 
burial sites: the Ohio River Cultures in the 
United States, dated to A.D. 1300; Mayan 
sites in Central America, dated at A.D. 
1250; and Azapa Valley in South America, 
dated between 5000 B.C. and A.D. 500. 

Using an additional genetic probe that 
can detect differences in the mitochondrial 
genome at a different site, Merriwether was 
able to identify not only the traditional four 
lineaees. but to divide them into nine dis- 
-~ .2 , 

tinct genetic subtypes. And most of the lin- 
eages, and indeed many of the subtypes, 
showed up all over the linguistic map, not 
segregated at all into the three classic migra- 
tions. "The key finding was that many of the 
populations have all four lineages and a num- 
ber even have all the subtypes. And all types 
can be found in North, Central, and South 
America," he says. "It is not realistic to be- 
lieve that the same lineages ended up in all 
these populations across two continents by 
separate migrations." 

The ancient DNA studies also sueeest -- 
that the lineages were widespread among old 
populations. "Preliminary evidence from the 
ancient samples suggests that lineage A was 
present in humans at all three burial sites, 
and lineages C and D were also present at the 
Maya sites," Merriwether says. Anthropolo- 
gist Ann Stone of Pennsylvania State Uni- 
versity has also carried out DNA analysis of 
human remains at a burial site of the Upper 
Mississippi Culture, dated at A.D. 1300. She 
has successfully extracted DNA from rib 
bones of 50 individuals, and preliminary 
analysis of mitochondrial DNA suggests that 
all four lineages were present at this site. 

Merriwether argues that the distribution - 
of the different mitochondrial types within 
the modem native American populations in 
both North and South America is better ex- 
plained by a single wave of migration. Rosa- 
lind Harding, a population geneticist at the 
Institute of Molecular Medicine in Oxford, 
agrees: "The more you look at the data, the 
more it looks as if the migrations didn't hap- 
pen in jumps." 

Not everyone is convinced, however. 

Antonio Torroni of the University of Rome, 
one of the researchers who identified the four 
mitochondrial DNA lineages that supported 
the three-wave theory, believes that Merri- 
wether's genetic probe may not provide a 
reliable indication of the origin of mitochon- 
drial lineaees. Some of the sites studied to - 
assign lineages may have undergone more 
recent mutations, Torroni argues. "Fuller 
analysis of the mitochondrial genome is 
needed to determine whether the new sub- 
types really represent lineages distinct from 
the four main types," he says. 

Merriwether agrees that there are still 
important questions to resolve concerning 
the timings, sizes, and routes of migration 
into the New World, adding that "ancient 
DNA is emerging as the best candidate to 
choose between the different scenarios." 

When Did Modern Europeans 
Arrive? 

Ancient DNA is also being used to support 
another controversial study in the battle- 
ground of population genetics: a new analysis 
of how and when modem Europeans migrat- 
ed into the continent from the Middle East. 
Modem humans are thought to have re- 
placed Neandertals in Europe during the 
middle or upper Paleolithic period 30,000 
years ago. Then around 10,000 years ago, 
farmers are thought to have spread across the 
continent, also from the Middle East, largely 
replacing the earlier foraging populations. 

Old genes. Analysis of the Tyrolean ice man's 
mitochondrial DNA suggests his ancestors left 
the Middle East at least 30,000 years ago. 

Studies of European languages and analy- 
ses of blood group and other proteins have 
indicated that most modern Europeans de- 
rive from this influx of Neolithic farmers. But 
new evidence from mitochondrial DNA, 
gathered by a group led by Bryan Sykes of the 
Institute of Molecular Medicine in Oxford, 
suggests that the ancestors of modem Euro- 
peans left the Middle East at least 30,000 
years ago-long before the Neolithic farmers. 

Until recently, studies of mitochondrial 
DNA in Euro~eans have failed to turn UD 

distinctive genetic lineages that could be 
used to track migration pattems, because the 
variations between most Europeans showed 

no relation with   articular populations. "Eu- 
ropeans appear really rather homogeneous," 
says Laurent Excoffier, an anthropologist at 
the University of Geneva. 

But Sykes's team has developed a new 
method that reveals previously hidden lin- 
eages. They have found differences among 
European populations in a region of the mi- 
tochondria that shows one of the highest 
mutation rates. This region poses ~roblems 
because it also exhibits a high rate of rever- 
sions-where a mutation changes a DNA base 
but a second mutation reverts it back to the 
original-making it possible to draw many 
different patterns of relations. 

Sykes's team got around this problem 
with an analysis that tries to ~redict how 
these mutations developed over time, so that 
different sequences can be grouped together 
as coming from a common origin. "Our ap- 
  roach produces just one network of rela- 
tionships from one set of sequences, which 
makes it much easier to interpret," he says. 
"It's an important new approach to the 
question of European origins," says Chris 
Stringer, a paleontologist at the Natural His- 
tow Museum in London. 

The team has analyzed the relations be- 
tween mitochondrial sequences from more 
than 800 modem Europeans. Using the net- 
work approach, they have identified at least 
three main groups of related sequences. By 
analyzing the mutations in these groups and 
their rates of mutation, they were able to 
estimate the time since the groups diverged 
from a reference Middle Eastern sequence. 
Suprisingly, all three groups appear to have 
arisen at least 30,000 years ago, which sug- 
gests that they predate the spread of Neo- 
lithic farmers, says Sykes, although a cluster 
of group I1 sequences does appear to be much 
younger, at around 10,000 years old. 

The team is now using ancient DNA sam- 
ples as a critical test of their calculations. 
They carried out an analysis ofmitochondria 
from the Tyrolean ice man Otzi, who was 
frozen in an Austrian glacier 5000 years ago 
and discovered in 1991. Otzi's mitochondrial 
sequence, they found, belonged to the group 
I type-the most common group in modem 
Europeans. The analysis was confirmed bv 
another laboratory. 

Studies have also beeun on human skal- .. - 
eta1 remains dated to the upper Paleolithic 
period from Gough's Cave in southwest En- 
gland. The results of the first analysis, which 
will be repeated by an independent laboratory, 
suggest that this ancient mitochondrial se- 
quence is also a member of the group I types, 
supporting the view that this group existed at 
least 30,000 years ago and has long been in 
Europe. "The goal now is to study human 
remains at well-established Neolithic sites to 
see what mitochondrial types are present." 
says Sykes. 

-Nigel Williams 
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