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INVITED EDITORIAL
DNA Variation and Language Affinities
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Populations tend to diverge genetically because of genetic drift, but their differences are reduced by the
exchange of individuals or gametes—in brief, by gene
flow. The evolutionary weight of drift depends on a
property of each single population—its effective size.
Conversely, the rate—and, therefore, the impact—of
gene flow depends on the relationships between populations. Geographers say that everything is related to
everything else but that close objects are more closely
related than distant objects. That is the case for human
populations too. Migrating to nearby localities is easier—and, therefore, more likely—than traveling very far;
as a consequence, if one compares several pairs of populations, their allele frequencies will tend to be similar
at short spatial distances. However, as the comparisons
involve samples that are more and more distant, the
respective levels of gene flow will be lower, and so will
be their genetic similarity. Beyond a certain distance,
pairs of allele frequencies will not be correlated (Kimura
and Weiss 1964; Morton et al. 1968).
Within limited areas, geographic distance is therefore
the main factor limiting gene flow, but, on a broader
scale, additional factors are important, especially barriers. Mountains, seas, and deserts are examples of geographic barriers. But other, more elusive obstacles also
profoundly affect the patterns of human genetic variation: cultural barriers. Of these, language boundaries are
reasonably stable and easy to locate in space, and hence
they are liable to study by quantitative approaches; but
social or religious barriers may also exert similar effects.
Humans do not tend to easily cross language boundaries when choosing a partner. As a consequence, populations separated by such barriers are somewhat isolated from each other. The genetic consequences may be
substantial. In Europe, for example, linguistic boundaries show increased rates of of allele-frequency change
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(Sokal et al. 1988; Barbujani and Sokal 1990; Calafell
and Bertranpetit 1994), and it is well known that several
inheritable diseases differ, in their incidence, between
geographically close but linguistically distant populations (e.g., see de la Chapelle 1993). But languages have
an even greater evolutionary significance, because linguistic affinities are also clues to population history
(Renfrew 1991; Guglielmino et al. 1995). As Sokal
(1988) wrote, a common language frequently reflects a
common origin, and a related language indicates a common origin too, but farther back in time. Population
admixture and linguistic assimilation should have weakened the correspondence between patterns of genetic and
linguistic diversity. The fact that such patterns are, on
the contrary, well correlated at the allele-frequency level
(Sokal 1988; Cavalli-Sforza et al. 1988; Sokal et al.
1992) suggests that parallel linguistic and allele-frequency change were not the exception, but the rule.
Before the advent of molecular techniques in population genetics, some of us rather naively expected that
DNA data would show even clearer correlations with
language (Barbujani 1991). By now, although a few genetically differentiated linguistic isolates have actually
been found (Lahermo et al. 1996; Stenico et al. 1996),
it is clear that things are not that simple. At the DNA
level, the human species is not subdivided into distinct
groups more than it is at the protein level (Lewontin
1972; Barbujani et al. 1997). Of course, differences between populations can be demonstrated by use of molecular data, but, with a few exceptions (e.g., see Torroni
et al. 1992), the patterns described so far do not seem
to parallel the distribution of languages, especially for
mitochondrial polymorphisms (e.g., see Ward et al.
1993; Watson et al. 1996; Bonatto and Salzano 1997).
Among the explanations proposed is the different time
scale of the evolutionary processes affectingDNA sequences vis-à-vis allele frequencies (Sajantila et al. 1995;
Stenico et al. 1996). The former evolve essentially by
the slow accumulation of mutations, whereas the frequencies of allelic variants, no matter whether they are
estimated at the DNA level or at the protein level, fluctuate rapidly because of drift, probably paralleling linguistic change, which is also deeply affected by population contacts and isolation (Ruhlen 1992).
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However, a paper appearing in the current issue of
the Journal (Poloni et al. 1997) shows that, if one looks
closely enough, a good degree of congruence with language may be found even for DNA-sequence data. This
finding is reassuring, because, after all, our population’s
history has been one; we may try to reconstruct it from
archaeological, osteological, linguistic, or genetic
sources, but we should eventually come up with a coherent set of inferences. Poloni et al. have collected a
large set of population data on RFLP polymorphisms of
the Y chromosome (p49a,f/TaqI) and of mtDNA, including 19 population samples that had been typed for
both markers. By using a combination of recent nonparametric statistical methods and classic populationgenetics theory, they have shown that linguistically related populations of Europe and Africa are also genetically close. In addition, they have estimated the most
likely divergence time for each language family, on the
basis of the levels of genetic differentiation among its
samples.
A necessary assumption for those calculations is that
all populations in a language family separated at once
and never exchanged migrants afterward. Another assumption is that genetic differences accumulated owing
to drift, which means quickly in small populations and
slowly in large ones; therefore, to transform genetic variances into separation times, average population sizes
had to be figured out, for each language family. Statements of this kind may seem unrealistic, but they provide
the necessary starting point for comparisons that could
not take place otherwise. If those assumptions are not
far from true, which can be proved only by other studies
of comparable scope, the estimated dates indicate that
the demographic phenomena accompanying the spread
of some language families of the Old World also left a
significant molecular mark on our genome. The genetic
differences among samples of the Afro-Asiatic family of
northern Africa and western Asia and among members
of the Indo-European family point to a split occurring
sometime 9,000–7,000 years ago, which is in excellent
agreement with dates based on archaeology (Renfrew
1991) and with comparative studies of languages and
protein markers (Barbujani and Pilastro 1993). The Niger-Congo-Kordofanian family, including all Bantu languages, seems to have dispersed later, some 4,000 years
ago, which, again, is in agreement with linguistic hypotheses (reviewed by Ruhlen 1991).
Less consistent with previous knowledge is the separation of Khoisan-speaking populations some 1,400
years ago. This family includes San (Bushmen) and other
populations of southern Africa, who are regarded by
many anthropologists and linguists as having been differentiated very anciently. Perhaps the Khoisan-speakers,
now essentially small bands of hunter-gatherers, were
much more numerous in the past. If so, the time nec-
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essary for them to reach the levels of genetic differentiation described in this study would increase relative to
the time deduced by Poloni et al., who assumed constant
population sizes within each language family.
In the study by Poloni et al., both the estimates of
genetic diversity inferred from the Y chromosome and
those inferred from mtDNA show similar modes of variation. This result is by no means trivial. Although it is
easier to consider gene flow as a property of whole populations, in contemporary societies females and males
seem to have different tendencies to migrate (Roberts
1988). Whether these differences existed in the past and
have produced significant genetic effects is a matter of
debate (Cavalli-Sforza and Minch 1997), but, in the
cases in which comparative genetic analyses have been
possible, the results for the two sexes did not seem to
overlap. In Finland, the observed levels of sequence diversity suggest that the population underwent drastic
reductions in size, but probably not at the same moment
for females and males (Sajantila et al. 1996). The mitochondrial sequences of Basques resemble those of most
other Europeans (Bertranpetit et al. 1995), but their Y
chromosomes show unusual frequencies of two RFLP
alleles (Semino et al. 1996). Poloni et al. performed what
seems to be the first large-scale comparison of the patterns of variation for maternally and paternally transmitted components of the genome. Most of their samples
come from Africa and Europe, and so general conclusions seem premature. Nevertheless, if these results are
confirmed in other regions of the world, it will be clear
that the migrational behavior of males and females has
not differed much, on a global scale, during our recent
evolutionary history. With only a few apparent exceptions, females and males have moved together along similar routes, which has resulted in similar levels and patterns of DNA differentiation. An intriguing observation
is that the partial correlations with language are stronger
for the Y chromosome than for mtDNA. On the contrary, it is generally believed that it is the mother who
transmits the language to the child—and whose genes,
therefore, should more closely match linguistic variation.
Poloni et al. suggest that, when women were incorporated into a group speaking a different language, they
passed to the future generations, along with their own
genes, their husbands’ language.
Since the global patterns of variation of female- and
male-transmitted alleles seem to rather faithfully reflect
patterns of language diversity, can we treat linguistic
groups as evolutionary units and expect that what is
true for one sample will also be true for its linguistic
relatives? This study suggests that, by and large, that
may be the case, at least in the sense that, with respect
to the predictable relationships between populations,
languages may be as informative as geography. But Poloni et al. are very cautious in drawing inferences of that
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kind, and rightly so. Every region of the world has its
own demographic history. Chance must have been important, both by affecting the evolutionary phenomena
that we are trying to reconstruct and by introducing
inaccuracies into the data on which we base our reconstructions. Therefore, the consistency of linguistic and
genetic information seems more a hypothesis to test each
time than a sensible assumption; in each case, one first
has to establish that some overlapping exists, and then
the problem becomes to quantify and interpret it.
For that purpose, specific statistical methods need be
applied. After a period in which the simple novelty of
the molecular data available seemed to justify adventurous evolutionary conclusions, we are now entering a
phase of deeper reflection. The markers available and
the populations studied are many, and contradictory results are emerging and will continue to emerge. Analysis
of DNA data by quantitative methods is indispensable,
but the traditional tools, developed for the analysis of
allele frequencies, are not automatically suitable. A
shortcut proposed by some is to treat molecular information in terms of frequencies of DNA lineages or variants. This approach has some advantages, but the sample sizes currently available, sometimes as few as just 10
individuals, represent a problem, because allele frequencies are necessarily estimated with large standard errors.
In addition, sequence differences between individuals,
which contain evolutionarily relevant information, are
disregarded in this way. Conversely, the method by
which Poloni et al. have estimated genetic variances—AMOVA (analysis of molecular variance) (Excoffier et al. 1992)—exploits all the information available. Along with improved tree-building algorithms
(Bandelt 1994) and the techniques for quantifying
spatial diversity—that is, autocorrelation indices for
DNA analysis (AIDA) (Bertorelle and Barbujani
1995)—AMOVA has solid theoretical bases, takes sequence diversity into consideration, and relies on relatively robust assumptions about the evolutionary mechanisms supposed to have affected the populations. The
importance of these methods is that they offer, at least
in principle, a general, quantitative framework for
evolutionary inferences based on DNA information.
Whether the differences between two populations are
“large” is an issue that can lead to endless discussion,
but AMOVA, AIDA, and similar methods permit one to
objectively test hypotheses. If population genetics will
become more quantitative, as is to be hoped, then in the
near future many of us will disagree on levels of significance rather than on broad—and hard-to-compare–evolutionary interpretations. That may prove to be
no small step forward.
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