Heredity (2006), 1-2

© 2006 Nature Publishing Group All rights reserved 0018-067X/06 $30.00

www.nature.com/hdy

NEWS AND COMMENTARY

Population genetics

eeecee0c00c000000000000 00

DNAs from the European Neolithic

G Barbujani and L Chikhi

Heredity advance online publication, 24 May 2006; doi:10.1038/sj.hdy.6800852

here did the Europeans’ ances-
Wtors come from, and when? Are

modern Europeans the direct
descendants of the paleolithic hunter-
gatherers who settled Europe some
45000 years ago, or do they mainly
derive from the Neolithic farmers who
spread from the Levant 10000 years
ago? One would expect archaeologists
to discuss these questions, but the last
few decades demonstrate that the stu-
dies of modern genetic diversity can
provide crucial relevant evidence. In a
recent issue of Science, Haak et al (2005)
go one step further by typing a stretch
of ancient mitochondrial DNA in the
largest sample so far from European
prehistoric farming communities. The
authors successfully amplified and
typed 24 mitochondrial sequences from
skeletons excavated in 16 Neolithic sites
in Germany, Hungary and Austria.
Only three Neolithic sequences were
previously known, and so this study
increases the available data by a factor
of 10. However, even beyond the tech-
nical achievement, these ancient DNA
data could provide important insights
in an ongoing controversy.

Past evolutionary processes have left
specific signatures in the genes of
modern populations, and so genetic
data have been used to cast light on
the sharp transition found in the archae-
ological record at the beginning of
the Neolithic period. Indeed, artefacts
associated with farming technologies
first appeared in the Near East 10000
years ago and then spread North
and West until, by 5000 years ago,
farming activities were all over Europe.
Did this happen because of cultural
contacts entailing little migration
(cultural diffusion), or because farmers
dispersed Westwards, bringing into
Europe their technologies along
with their genes (demic diffusion)?
Clearly, different regions must have
experienced different blends of cultural
exchanges and migratory movements
but it makes sense to ask which alter-
native is a better representation of the
overall process.

Genetic studies have failed to settle
the controversy so far, because they
have been interpreted in different ways.
Allele frequencies (Menozzi et al, 1978)

and nuclear DNA polymorphisms (Chi-
khi et al, 1998, 2002; Dupanloup et al,
2004) show broad clines across Europe,
which fit the expectations of a model
of demic diffusion (Ammerman and
Cavalli-Sforza, 1984). These clines, par-
alleling the demographic contribution
of Neolithic Near Eastern people esti-
mated from archaeological data (Pinhasi
et al, 2005), were regarded as evidence
of a major dispersal of people in
the Neolithic period. However, Richards
et al (1998, 2000) followed a different
approach. They estimated the ages of
the main groups of mtDNA haplotypes,
or haplogroups, and found that
only one of them, haplogroup J, was
younger than 10000 years. They then
took the frequency of the J haplogroup,
about 20%, as an estimate of the
Neolithic contribution to the European
gene pool (Richards et al, 2000). A rather
heated debate followed, and is still
continuing.

The predictions of the alternative
models, cultural versus demic diffusion,
can now be tested against ancient DNA
data. To do that, Haak et al (2005)
performed genetic drift simulations to
ask whether they could explain by
genetic drift alone the change in fre-
quency of a currently rare (<0.02%)
haplogroup (N1a) which was found in
as many as six of the 24 (25%) DNA
sequences. They concluded that Neo-
lithic farmers originating from the Near
East left virtually no descendants in
Europe and hence favoured the cultural
diffusion model. While one should
certainly acknowledge the fact that
Haak et al used simulations to quantita-
tively test a hypothesis, the whole study
prompts a number of questions, which
make the conclusions less convincing
than they might first appear.

As noted above, a major part of
the controversy has revolved around
the age of haplogroups. Since these ages
were used by Richards and collabora-
tors to identify ‘palaeolithic’ and ‘neo-
lithic’ components of the modern gene
pool, one would expect Neolithic speci-
mens to only yield ‘meolithic’, hap-
logroup J, sequences. The population
genetics prediction, however, is that
‘Neolithic" people should have both
types of haplogroups. Interestingly,

Haak et al (2005) found only one
sequence belonging to haplogroup J,
with six sequences belonging to the
currently very rare Nla haplogroup,
and 17 to haplogroups that were termed
‘Paleolithic’ (Richards et al, 2000), such
as H, V and K. Surprisingly, this
information was not used by the
authors, even though it demonstrates
that ages of molecules cannot be equa-
ted with ages of populations, a point
made some time ago by supporters of
the demic diffusion model (Barbujani
et al, 1998). Population genetics theory
teaches us that migrating people carry
alleles and haplogroups in their genome
originating from mutations that oc-
curred before, sometimes long before,
the migratory movement started, and
inferring from the former the date of the
latter is never straightforward. It might
be legitimate (although, we think, mis-
leading) to term haplotypes derived
from mutations <10000 years old as
‘Neolithic’, but the frequency of those
haplotypes has little to do with the
Neolithic contribution to the European
gene pool.

Other issues would need to be further
explored. Firstly, haplogroup Nla was
found to be common in the Neolithic
sample, but is virtually absent from
modern European populations. Does
this tell us anything on the impact of
genetic drift in the first farming com-
munities? Secondly, clines have a direc-
tion, but not a date, and both the first
Paleolithic settlers and the later Neo-
lithic farmers came to Europe from the
Southeast. Therefore, although clines
radiating from the Near East have now
been shown for hundreds of DNA loci
(Belle et al, 2006), the possibility exists
that these clines were generated (i) by
selection (but that should then be
limited to some loci); (ii) through a
series of founder events during the first
colonization of the continent; (iii) dur-
ing other, so far undefined, processes
occurring along a Southeast-Northwest
axis, provided these processes affected
much of Europe. Another possibility,
recently suggested by Currat and Ex-
coffier (2005) is that ascertainment bias
in the choice of polymorphic loci could
also generate clines. Although there is
no evidence of an ascertainment bias for
the many STR loci showing gradients in
Europe (Chikhi ef al, 1998; Belle et al,
2006), Currat and Excoffier’s (2005) very
exciting study demonstrates that it is
now becoming possible to address
complex questions, and infer by simula-
tion the most probable scenarios for the
European prehistorical migrations using
genetic data.
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For the future, we believe that
such simulation studies represent the
most promising approach. One advan-
tage of such approaches is that they force
us to explicitly formulate what were
often previously implicit assumptions.
They also allow researchers to test the
effect of factors that are difficult to
quantify exactly, such as prehistoric
effective population sizes, rates of gene
flow, and mutation rates, on the like-
lihood of different scenarios. In the near
future, they will also allow users to
integrate information from the growing
body of ancient genetic diversity, in
addition to the broad modern data sets
(Anderson et al, 2005). The application of
the full panoply of modern statistical
tools to the impressive data set of Haak
et al promises to disclose new, and
previously out-of-reach, aspects of our

evolutionary past.
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