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Worldwide Analysis of Multiple Microsatellites:
Language Diversity has a Detectable Influence
on DNA DiversityAQ1
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ABSTRACT Previous studies of the correlations be-
tween the languages spoken by human populations and
the genes carried by the members of those populations
have been limited by the small amount of genetic
markers available and by approximations in the treat-
ment of linguistic data. In this study we analyzed a large
collection of polymorphic microsatellite loci (377), distrib-
uted on all autosomes, and used Ruhlen’s linguistic clas-
sification, to investigate the relative roles of geography
and language in shaping the distribution of human DNA
diversity at a worldwide scale. For this purpose, we per-
formed three different kinds of analysis: (i) we parti-
tioned genetic variances at three hierarchical levels of

population subdivision according to language group by
means of a molecular analysis of variance (AMOVA); (ii)
we quantified by a series of Mantel’s tests the correlation
between measures of genetic and linguistic differentia-
tion; and (iii) we tested whether linguistic differences
are increased across known zones of increased genetic
change between populations. Genetic differences appear
to more closely reflect geographic than linguistic differen-
tiation. However, our analyses show that language differ-
ences also have a detectable effect on DNA diversity at
the genomic level, above and beyond the effects of geo-
graphic distance. Am J Phys Anthropol 131:000–000,
2007. VVC 2007 Wiley-Liss, Inc.

The patterns of genetic diversity in the geographic
space reflect the interaction between evolutionary factors
leading populations to diverge (mutation, drift, and
diversifying selection) and factors causing genetic con-
vergence (gene flow and other forms of selection). In
humans, the spatial distance between potential mates is
probably the most important factor preventing gene flow
between populations (Relethford, 2004), but nonspatial
reproductive barriers, such as cultural, religious, and
language boundaries, also play an important role (Bar-
bujani, 1991). In particular, language boundaries have
been shown to represent a major obstacle to interbreed-
ing, which accounts for the generally good correlation
between allele frequencies and language groups (Sokal,
1988; Cavalli-Sforza et al., 1988; Barbujani and Sokal,
1990; Cavalli-Sforza et al., 1992).

Any obstacles to gene flow, including geographic dis-
tance, tend to decrease both genetic and linguistic simi-
larity between populations. Languages spoken by distant
or isolated groups will undergo independent changes and
slowly diverge from the source language, whereas adja-
cent groups—or groups not separated by reproductive
barriers—will have easier contacts and will tend to
speak related languages (Nichols, 1997). Under the same
conditions, parallel processes occur at the genomic level.
However, the phenomena producing genetic and linguis-
tic change through time are not identical, and changes
might occur at different time scales. Cavalli-Sforza et al.
(1988) first suggested that linguistic change might be
more rapid than genetic change. Chen et al. (1995)
remarked that genetic transmission is only vertical
whereas languages can also spread horizontally and sug-
gested that linguistic and genetic change are likely to
proceed at different rates. In human history many exam-
ples of phenomena disrupting the parallelism between
genetic and linguistic change are indeed known. These

include selection affecting specific genetic loci, episodes
of language replacement associated with the migration
of a numerically small elite, creolization, and admixture
accompanied by the establishment of a common lan-
guage (Renfrew, 1989). Therefore, a relationship between
language and genes is not a safe general assumption,
but rather a hypothesis which needs to be tested.

Around 6,000 languages are currently spoken on
earth, but the great majority is threatened of extinction.
Indeed about 97% of the world’s population speak 4% of
the languages, whereas 10% of languages have less than
100 speakers (Wurm, 2001). About half of the languages
are currently losing their speakers, which could lead to
the replacement of between 50% and 90% of the minority
languages before the end of the century. In this context,
it is urgent to assess to which extent languages differen-
ces have played a role in shaping human genetic diver-
sity before many of the relevant data vanish.

Several studies have shown that there is a significant
correlation between genetic and linguistic diversity in
Europe (Sokal, 1988; Sokal et al., 1989, 1989; Harding
and Sokal, 1988; Sajantila et al., 1995) and that lan-
guage barriers probably play an important role in main-

J_ID: ZC0 Customer A_ID: 2006-00153.R2 Cadmus Art: AJPA20622 Date: 20-MARCH-07 Stage: I Page: 1

ID: vasanss Date: 20/3/07 Time: 15:43 Path: J:/Production/AJPA/Vol00000/070044/3B2/C2AJPA070044

Grant sponsor: European Science Foundation (Eurocores Pro-
gramme: The Origin of Man, Language, and Languages) through
the Italian CNRUniversity of Ferrara.

*Correspondence to: Guido Barbujani, Dipartimento di Biologia ed
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taining genetic differences by acting as reproductive bar-
riers (Barbujani and Sokal, 1990). In sub-Saharan
Africa, Excoffier et al. (1991) found that the language
family relationships are a better predictor of the genetic
structure than geographical relatedness. Based on classi-
cal markers (20 alleles in total), Cavalli-Sforza et al.
(1988) first produced evidence suggesting that the main
linguistic groups of the world broadly correspond to
genetic clusters. Later, Chen et al. (1995) and Poloni
et al. (1997) also found a significant correlation between
genetic and linguistic diversity based, respectively, on 11
autosomal loci and on Y-chromosome restriction polymor-
phisms.

On the other hand, the results are not so clear-cut in the
Americas and at the worldwide scale. Some authors have
indeed failed to detect association between genetic and lin-
guistic diversity among native Americans and Asians
(Monsalve et al., 1999) and within North America (Hunley
and Long, 2005). Finally, Nettle and Harris (2003) found a
significant influence of languages on X chromosome
genetic differences in Europe and East and Central Asia,
but not in the Near East, Southeast Asia, and West Africa,
a result indicating that this correlation emerges only
under specific conditions. All these studies relied on a lim-
ited number of genetic polymorphisms, which may not
exhaustively reflect diversity at the genomic level.

The number of loci analyzed is not a secondary factor.
Indeed, particular selection regimes—affecting specific
loci—may generate genetic outliers, i.e. loci with unusual
spatial patterns of diversity. As a consequence, as has been
suggested for many decades now (Cavalli-Sforza, 1966), to
minimize the effect of such outliers, an extensive sampling
of different genome regions is indispensable.

Therefore, in this study we analyzed a large sample of
polymorphic microsatellite loci (377) spread across the
genome, the largest genetic dataset used so far to inves-
tigate the influence of languages on the distribution of
human genetic diversity. Rosenberg et al. (2002) briefly
discussed the relationship between genes and languages
in these data, but without a quantitative approach.
Here, thanks to the large number of markers considered,
we are seeking a more accurate estimate of the correla-
tion between genetics and linguistics. Those autosomal
microsatellite markers have a higher rate of mutation
than other markers, and could therefore parallel more
closely the linguistic change (Barbujani, 1997). In addi-
tion, estimates of variation at microsatellite loci do not
seem to suffer from ascertainment bias, a factor known
to lead to erroneous conclusions in analyses based on
single nucleotide or insertion–deletion polymorphisms
(Clark et al., 2005).

We addressed three questions in particular, namely (i)
Do increasing levels of linguistic differentiation lead to
greater genetic distances? (ii) What is the relative
weight of geography and languages in shaping human
genetic diversity? (iii) Do previously identified genetic
barriers across the world also tend to represent zones of
increased linguistic differentiation?

MATERIALS AND METHODS

Dataset

We analyzed the published genetic dataset comprising
377 autosomal microsatellite loci distributed on all 22
autosomes in 52 world populations (Rosenberg et al.,
2002). The samples were part of a study of the cell-line

diversity panel of the CEPH (Centre pour l’Etude des
Polymorphismes Humains at the Institut Jean Dausset
in Paris) (Cann et al., 2002). In the CEPH panel, the
individuals defined as \Bantus" came from several dif-
ferent areas; we excluded from the analysis all those
who were not from Kenya because of their small sample
sizes.

Languages were attributed to the samples according to
two sources, namely Ruhlen’s (1991) classification and
The Ethnologue website (Gordon, 2005). There is so far
no universally accepted global taxonomy of languages;
however, Ruhlen’s classification, albeit somewhat contro-
versial, is widely used in population genetic studies
(Poloni et al., 1997; Chen et al., 1995; Cavalli-Sforza
et al., 1992, 1988; Excoffier et al., 1991) because it is
probably the most comprehensive attempt to group all
the world’s 6,000 languages into linguistic phyla, 17. The
languages of all populations of this study were defined
consistently in the two sources, with the exception of a
few populations indicated in Table T11. For instance, The
Ethnologue classifies the American languages into to
four distinct phyla, and not one as Ruhlen (1991) does.

The CEPH dataset includes two pygmy samples, Biaka
and Mbuti. The pygmies’ linguistic affiliation is difficult
to define, as in most cases they seem to have borrowed
their neighbors’ language (Cavalli-Sforza, 1986). We
attributed the Biaka to the Niger-Kordofanian phylum,
which includes Bantu languages, because, besides speak-
ing a language of this phylum, the Biaka are thought to
have undergone extensive admixture with Bantu speak-
ers (Cavalli-Sforza, 1986). On the contrary, Mbuti pyg-
mies include both speakers of Nilosaharan and Niger-
Kordofanian languages (ALFRED database: Cheung
et al., 2000), whom proved impossible for us to separate.
As a consequence, the Mbuti sample was not considered
in the analysis. In this way, our results refer to 50 popu-
lations: 6 from Africa, 3 from the Middle East, 26 from
Asia, 2 from Oceania, 8 from Europe, and 5 from the
Americas (Fig. F11), which we classified into linguistic fam-
ilies, branches, and phyla (Table 1).

Analysis of molecular variance

Measures of genetic variance were hierarchically parti-
tioned by an analysis of molecular variance (AMOVA)
(Excoffier et al., 1992) implemented in the Arlequin ver
2.0 software (Schneider et al., 2000). For each locus, we
compared each individual genotype with (i) the genotype
of the individuals of the same linguistic family, (ii) the
genotypes of the individuals from different families of
the same linguistic phylum and (iii) the genotypes of
individuals belonging to different linguistic phyla.

Two measures of genetic distance were estimated from
the data which can be assimilated to FST and RST values.
The number of alleles differing between two haplotypes
was calculated as:

d̂xy ¼
XL

i¼1

dxyðiÞ

where dxy(i) is the Kronecker function, equal to 1 if the
alleles of the ith locus are identical for both haplotypes,
and equal to 0 otherwise, and summation is over all loci.
This index is analogous to a weighted FST statistics over
all loci (see Arlequin manual, Schneider et al., 2000).
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TABLE I. Language name, family, branch and phylum for each population considered,
according to Ruhlen’s classification of languages

Population name Language (dLAN¼1) Family (dLAN¼2) Branch (dLAN¼3) Phylum (dLAN¼4)

Biaka Yaka Bantoid Niger-Congo Niger-Kordofanian
Eth: Niger-Congo

Mandenka Mandinka Mande Niger-Congo Niger-Kordofanian
Eth: Niger-Congo

Yoruba Yoruba Yoruba-North. Akoko Niger-Congo Niger-Kordofanian
Eth: Niger-Congo

San San Hai.n//um – Khoisan
Kenya Bantu Bantoid Niger-Congo Niger-Kordofanian

Eth: Niger-Congo
Mozabite Mozabite Berber – Afro-Asiatic
Bedouin Arabic Arabo-Canaanite Semitic Afro-Asiatic
Druze Arabic Arabo-Canaanite Semitic Afro-Asiatic
Palestinian Arabic Arabo-Canaanite Semitic Afro-Asiatic
Brahui Brahui Dravidian North West Elamo-Dravidian

Eth: Dravidian
Balochi Baluchi Iranian Indo-Iranian Indo-Hittite

Eth: Indo-European
Hazara Persian Iranian Indo-Iranian Indo-Hittite

Eth: Indo-European
Makrani Baluchi Iranian Indo-Iranian Indo-Hittite

Eth: Indo-European
Sindhi Sindhi Indic Indo-Iranian Indo-Hittite

Eth: Indo-European
Pathan Newari Tibetic Tibeto-Karen Sino-Tibetan

Eth: Himalayish Eth: Tibeto-Burman
Kalash Kalasha Indic Indo-Iranian Indo-Hittite

Eth: Dardic Eth: Indo-European
Burusho Burushaski – – Language isolate
Han Mandarin/Cantonese Chinese Sinitic Sino-Tibetan
Tujia Tujia Tai Austro-Tai Austric

Eth: Tibeto-Burman Eth: Sino-Tibetan
Yi Yi Burmic Tibeto-Karen Sino-Tibetan

Eth: Tibeto-Burman
Miao Miao Miao Miao-Yao Austric

Eth: Miao-Yao
Oroqen Oroqen Tungus Mongolian-Tungus Altaic
Daur Daur Mongolian Mongolian-Tungus Altaic
Mongolian Mongolian Mongolian Mongolian-Tungus Altaic
Hezhen Hezhen Tungus Mongolian-Tungus Altaic
Xibo Xibo Tungus Mongolian-Tungus Altaic
Uyghur Uyghur Turkic – Altaic
Dai Dai Austronesian Austro-Tai Austric

Eth: Austro-Tai Eth: Babar Eth: Austronesian
Lahu Lahu Burmic Tibeto-Karen Sino-Tibetan

Eth: Tibeto-Burman
She She Yao Miao-Yao Austric

Eth: Miao-Yao
Naxi Naxi Burmic Tibeto-Karen Sino-Tibetan

Eth: Tibeto-Burman
Tu Tu Mongolian Mongolian-Tungus Altaic
Yakut Yakut Turkic – Altaic
Japanese Japanese Japanese Korean-Japanese Altaic
Cambodian Khmer Mon-Khmer Austro-Asiatic Austric

Eth: Austro-Asiatic
Papuan – Papuan – Indo-Pacific

Eth: Oceanic Eth: Austronesian
Melanesian – Melanesian – Indo-Pacific

Eth: Oceanic Eth: Austronesian
French French Romance continental italic Indo-Hittite
Basque Basque – – Language Isolate
Sardinian Sardinian – Italic Indo-Hittite

Eth: Indo-European
Bergamo Italian Romance continental Italic Indo-Hittite

Eth: Indo-European
Tuscan Italian Romance continental Italic Indo-Hittite

Eth: Indo-European
Orcadian English – Germanic Indo-Hittite

Eth: Indo-European
Adygei Adyghe – Circassian Northern Caucasian

(continued)
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Slatkin’s (1995) RST is a specific distance measure for
microsatellites, based on both allele frequency differen-
ces between populations and repeat number differences
between alleles. This measure was calculated as the sum
of the squared numbers of repeat differences between
two haplotypes, that is to say as:

d̂xy ¼
XL

i¼1

axi � ayi

� �2

where axi is the number of repeats at the ith locus (see
Arlequin manual, Schneider et al., 2000).

The significance of the estimated variances was tested
by means of a nonparametric permutational procedure
(Excoffier et al., 1992). In three independent tests, (i)
individuals were assigned to random language families
of the same phylum, (ii) individuals were assigned to
random language families regardless of the phylum, and
(iii) language families were randomly assigned to lan-
guage phyla, each time recalculating the relevant var-
iance. Each randomization process was iterated 10,000
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TABLE 1. (Continued)

Population name Language (dLAN¼1) Family (dLAN¼2) Branch (dLAN¼3) Phylum (dLAN¼4)

Russian Russian Slavic Balto-Slavic Indo-Hittite
Eth: Indo-European

Pima Pima Pimic Uto-Aztecan Amerind
Sonoran Eth: Aztecan

Maya Maya Mexican Penutian Amerind
Eth: Yucatecan Eth: Mayan

Piapoco Piapoco Macro-Arawakan Equatorial-Tucanoan Amerind
Eth: Maipuran Eth: Arawakan

Karitiana Karitiana Kariti-Tupi Equatorial-Tucanoan Amerind
Eth: Arikem Eth: Tupi

Surui Surui Kariti-Tupi Equatorial-Tucanoan Amerind
Eth: Monde Eth: Tupi

When the classification of The Ethnologue differs significantly from Ruhlen’s, the different classification is indicated as ‘Eth:’ on a
second line.

Fig. 1. Distribution of the sampling localities. The significant genomic boundaries found based on RST values (Barbujani and
Belle, 2006) are represented by thick black lines. The Delaunay connections are represented by thin lines (solid between language
phyla, dashed between language families, and dotted within families). Different colors represent samples belonging to different lan-
guage phyla and different symbols (triangles, circles, squares) represent samples belonging to different language families within
the same phylum.
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times. The empirical distributions thus obtained were
then compared with the observed variances, and an em-
pirical level of significance was thus estimated for each
variance.

Mantel tests

A matrix of great circle geographic distances (dGEO

matrix) between populations was constructed using a
method first proposed by Ramachandran et al. (2005),
i.e. assuming five obligatory waypoints on the world’s
map so as to make distances between continents more
reflective of the likely human dispersal routes from
Africa. These points were Anadyr, Russia (64N, 177E);
Cairo, Egypt (30N, 31E); Istanbul, Turkey (41N, 28E);
Phnom Penh, Cambodia (11N, 104E); and Prince Rupert,
Canada (54N, 130W).

Linguistic distances (in the dLAN matrix) were esti-
mated as simple dissimilarity indexes ranging from 0 to
4, according to the method described by Excoffier et al.
(1991). In fact, two dLAN matrices were constructed,
based either on Ruhlen’s (1991) language classification,
or on The Ethnologue. Population speaking languages
belonging to different phyla were assigned dLAN ¼ 4,
languages of different branches dLAN ¼ 3, languages of
different families dLAN ¼ 2, different languages dLAN ¼
1, and the same language dLAN ¼ 0.

Finally, matrices of genetic distances between popula-
tions (dGEN matrix) were computed, using either the
standard FST measure or Slatkin’s RST.

Correlation between genetic boundaries and
language barriers

The correlations among the three matrices were esti-
mated by pairwise (Mantel, 1967) and multiple (Smouse
et al., 1986) Mantel tests. First we calculated three pair-
wise correlations (between dGEO and dGEN, between
dGEO and dLAN, and between dGEN and dLAN). We then
separated the effects of geography and language on the
genetic distances by calculating the partial correlations
between dGEN and dGEO (with dLAN held constant) and
between dGEN and dLAN (with dGEO held constant). The
significance of the observed coefficients was calculated
by randomly permuting rows and columns of one matrix
while keeping the other matrix constant, thus obtaining
an empirical null distribution of correlation coefficients.
Doubts have been raised on the accuracy of the P-values
associated with the partial Mantel tests (Raufaste and
Rousset, 2001). Be that as it may, we provide those val-
ues for the sake of comparison with previous studies. All
the above procedures are implemented in the Arlequin
ver 2.0 software (Schneider et al., 2000).

Correlation between genetic barriers and
linguistic groups

In a previous analysis of the same dataset, six signifi-
cant genetic boundaries were identified, namely zones
where the rate of genetic change is locally increased
with respect to random locations (Barbujani and Belle,
2006; see also Rosenberg et al., 2005 for an alternative
approach). In this study, we investigated whether at
these genetic boundaries linguistic change is increased
with respect to other zones on the map. Adjacent popula-
tions were connected by a Delaunay network (Manni
et al., 2004) and each edge of the network was associated
with a measure of linguistic differentiation (Figure 1).

For this purpose, we pooled the indexes of language dis-
similarity used for the Mantel tests in two different
ways: we either considered dLAN ¼ 4 versus dLAN ¼ 0, 1,
2, 3 or dLAN ¼ 3, 4 versus dLAN ¼ 0, 1, 2. We then com-
pared the average dLAN along edges of the network that
were crossed by a significant genetic boundary with the
average dLAN measured along the other edges of the net-
work, under the null hypothesis of no difference between
averages.

RESULTS

AMOVA

Considering allele-frequency differences (FST), the
analysis of variance reveals that only 2.9% of the genetic
variation is explained by differences between linguistic
phyla and 2.4% is due to differences between language
families (Table T22). The average worldwide FST value esti-
mated from this dataset is equal to 0.053.

When molecular differences between alleles are consid-
ered (RST), genetic diversity between phyla and families
increases to 6.7% of the total for differences among lan-
guage phyla and to 2.9% among families.

For both analyses, the diversity indexes among indi-
viduals from the same language family, individuals from
different language families of the same phylum, and
individuals from different language phyla are all signifi-
cantly greater than 0 at P < 0.05. Considering the classi-
fication of languages of The Ethnologue instead of Ruh-
len’s, we found very similar results, with the difference
in the percentages <0.5% for each component of varia-
tion (data not given). In what follows, unless otherwise
specified, we shall refer to dLAN matrices estimated
according to Ruhlen’s classification.

We did not perform analyses at a lower hierarchical
level, that is to say within language phyla or families,
because of the highly variable number of populations
sampled within each linguistic group.

Mantel tests

The correlation coefficients between geographic, lin-
guistic and genetic distances, using either RST or FST

distances, are given in Table T3, F23 and Figure 2.
Considering FST values, and hence not taking into

account molecular differences between alleles, both vari-
ables, geography and language, appear significantly
associated with genetic variation. The correlation
between genetic diversity and linguistic distances was
highly significant (r ¼ 0.226, P < 0.0001), meaning that
5.1% (r2) of the genetic variation is accounted for by lan-
guage distances. The proportion of genetic variation
accounted for by geography was much higher (r2 ¼
65.3%). However, geographic distances and linguistic
classification are also correlated, and predictably so,
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TABLE 2. Hierarchical AMOVA analysis, showing the percent-
age of variation at each of three levels of population hierarchy,
considering either allele frequencies only (FST) or both allele

frequencies and molecular distances between alleles (RST)

Measure of genetic distance FST RST

Among language phyla 2.9 6.7
Among populations between language

families, within phyla
2.4 2.9

Within populations 94.7 90.4

All values are significant at the P < 0.0001 level.
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TABLE 3. Mantel correlation and partial correlation coefficients (r), between genetic (dGEN), geographic (dGEO) and linguistic matri-
ces (dLAN) based on Ruhlen’s classification of languages, either using FST or RST measures of genetic diversity

Matrices considered

Genetic measure

FST RST

Correlation
coefficient (r)

Proportion of
variance

explained (r2)
Correlation

coefficient (r)

Proportion of
variance

explained (r2)

DGEN and dGEO 0.808*** 0.653 0.746*** 0.557
dGEN and dlan 0.226*** 0.051 0.311*** 0.097
dGEO and dLAN 0.268*** 0.072 0.269*** 0.072
dGEN, dGEO, and dLAN 0.653 0.570
dGEN and dLAN, dLAN constanta 0.796*** 0.633 0.723*** 0.523
dGEN and dLAN, dLAN constanta 0.018N.S. 0.0003 0.172*** 0.030

a Partial correlation coefficients.
*** P � 0.0001; NS: non significants.

Fig. 2. (a) Correlation between genetic distances calculated as RST values, and geographic distances constrained by five obliga-
tory waypoints (dGEO). Following Ramachandran et al. (2005), red squares represent comparisons within regions, green triangles
comparisons between populations in Africa and Eurasia, and blue diamonds comparisons with America and Oceania. (b) Box plot
showing the correlation between genetic distances (RST) and linguistic distances (dLAN) calculated on the basis of Ruhlen’s classifi-
cation of languages. The upper and lower limits of the box represent, respectively, the 5% and 95% confidence intervals, and the
long horizontal bar in the box represents the median.
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because populations speaking related languages form
clusters in the geographical space. As a consequence, the
observed correlation between linguistic and genetic dis-
tances may conceivably reflect the fact that both are cor-
related with geographical distances. When geographic
distances are held constant, the correlation does not
remain significant when genetic distances are measured
by FST.

By contrast, using RST values (Table 3), which are
more specific for microsatellites, we found that 55.7% of
the genetic variance is explained by geography, while
only 9.7% is accounted for by linguistics (without keep-
ing any variable constant). In this case, the correlation
between genetic diversity and linguistic distances
remains significant, and highly so, even at constant geo-
graphic distances (r ¼ 0.172, P < 0.0001), and in this
case linguistic distances alone account for less than 3%
(r2) of genetic variation.

Therefore, the geographic location of populations
seems to be a better predictor of genetic distances than
their linguistic affiliation, even though both correlations
are highly significant. However, our results also suggest
that between 43% (with RST values) and 45% (with FST

values) of the overall genetic variance reflects the action
of other factors. Once again, considering the classifica-
tion of languages of The Ethnologue instead of Ruhlen’s
did not alter substantially our results (data not given).

Figure 2a is a plot of the RST values versus pairwise
geographic distances between populations. The correla-
tion appears to be mostly due to comparisons of Ameri-
can and Oceanian populations, where both the RST val-
ues and geographic distances are greatest. However,
increasing genetic distances tend to correspond to
increasing language distances also when populations of
the same region are compared. This is confirmed by Fig-
ure 2b, where the category corresponding to dLAN ¼ 4
has a large confidence interval for the RST value.

Correlation between genetic barriers and
linguistic groups

In our 50 population samples, 48 different languages
are spoken belonging to 11 linguistic phyla and 2 lan-
guage isolates, according to Ruhlen’s (1991) classifica-
tion. If language differences represent an important bar-
rier to gene flow, we expect the linguistic difference
between populations on different sides of a genetic bar-
rier to be on average greater than the one on the same
side of that barrier.

In a previous analysis of this dataset, six significant
genetic boundaries were identified using Slatkin’s RST

measure of genetic distances (Barbujani and Belle,
2006). We found that out of the 97 Delaunay connections
of the map, 23 are crossed by one of those genetic boun-
daries (Fig. 1 and TableT4 4). A fraction equal to 32.7%
(18/55) of the Delaunay connections between linguistic
phyla (dLAN ¼ 4) is crossed by a significant genetic bar-
rier, as is the case for 13.9% (6/43) of the connections
within linguistic phyla (dLAN ¼ 1, 2, or 3). The difference
between those proportions is statistically significant
(v2 ¼ 4.6, P < 0.05), showing that increased genetic
change tends to be observed with higher probability
where linguistic change is greatest.

Among the most controversial issues in linguistics is
the classification of native American languages.
Although Ruhlen clusters them into a single phylum,
many studies have suggested that they could belong to

several distinct phyla (see for instance Sims-Williams,
1998). We reran the analysis considering the classifica-
tion of The Ethnologue (Table 1). In this way, 21 out of
23 Delaunay connections showing increased genetic
change occur between different language phyla, thus
making the difference between linguistic categories even
more significant (v2 ¼ 9.9, P < 0.01) than in the previous
test.

To understand if the correlation is due to a specific
degree of linguistic differentiation, we also investigated
whether populations speaking languages belonging to
different phyla or branches (dLAN ¼ 3 or 4) occur more
often on different sides of a genetic boundary than popu-
lations speaking languages belonging to the same branch
(dLAN ¼ 0, 1, or 2). The difference between those linguis-
tic categories was not significant (v2 ¼ 2.13, NS).

DISCUSSION

This study suggests that linguistic differences between
populations have a small, but nonnegligible, effect on
patterns of DNA variation at the world scale. The large
number of markers considered, and the fact that ascer-
tainment bias is unlikely to have affected the statistics
estimated from DNA data, suggests that this conclusion
is robust and can be generalized at the genome level, at
least for autosomes. By contrast, uniparentally-transmit-
ted markers (mtDNA and Y chromosome) have a lower
effective population size and hence are affected more
strongly by genetic drift, often showing peculiar geo-
graphical patterns (see for instance Jorde et al., 2000,
Wilson et al., 2001; Romualdi et al., 2002). As a conse-
quence, for further generalizations our conclusions will
have to be tested against suitable mitochondrial DNA
and Y-chromosome datasets.

Here we found that 5.3% of the global variance in our
autosomal dataset can be explained by differences
between linguistic groups (families or phyla) using FST

measures of genetic distances, and 9.6% using the RST

statistic. These values are of the same order of magni-
tude as the proportion of genetic variation that can be
attributed to differences among seven geographic regions
using the same dataset, that is to say 3.6% (Rosenberg
et al., 2002) and 9.2% (Excoffier and Hamilton, 2003),
using respectively FST and RST measures of genetic di-
versity.

These low values could be interpreted as meaning that
language affiliations are as informative—or uninforma-
tive—as geographic locations to predict the genetic rela-
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TABLE 4. Proportion of Delaunay connections in the world’s
map crossed by a significant genetic

barrier as defined in Barbujani and Belle (2006)

Linguistic
distance

Delaunay connections

Crossed by
a barrier

Not crossed
by a barrier Total

dLAN¼0 0 5 5
dLAN¼1 1 8 9
dLAN¼2 2 7 9
dLAN¼3 3 17 20
dLAN¼4 18 37 55
Total 23 74 97

Two different ways of grouping the coding of the linguistic dis-
tances were tested: (i) at the level dLAN¼4 versus dLAN¼0,l,2,3
and (ii) at the level dLAN¼3,4 versus dLAN¼0,1,2 (see main
text).
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tionships between populations. However, the Mantel
tests indicate that in fact geographic distances are a
good predictor of genetic distances, and that linguistic
distances also affect DNA differences.

The levels of genetic differentiation inferred from
microsatellites are lower than that from other DNA poly-
morphisms (Jorde et al., 2000; Romualdi et al., 2002).
This is thought to be due, at least in part, to the higher
microsatellite mutation rates, which tend to increase
variation within groups compared to variation among
groups (Jin and Chakraborty, 1995; Jorde et al., 2000).

When molecular distances between alleles were also
considered (RST distances), the differences between lan-
guage groups became almost twice as large (9.6%). This
confirms that evolutionary processes affecting DNA
sequences and allele frequencies occur at different time
scales. It is known that DNA sequences evolve relatively
slowly by the gradual accumulation of mutations,
whereas allele frequencies change more rapidly under
the action of genetic drift. Many polymorphisms may
even predate the geographical differentiation of modern
humans and differ between human groups only in rela-
tive frequencies (Klein et al., 1993; O’hUigin et al. 2002).
Accordingly, we would expect linguistic change to be
more closely associated with changes in allele frequen-
cies, and hence with FST. However, microsatellites tend
to evolve more rapidly than other polymorphisms, and
hence RST measures seem to more closely parallel lin-
guistic change than FST (for a similar result, see Excoff-
ier and Hamilton, 2003). Globally speaking, the genetic
differences between the main language phyla probably
reflect relatively ancient demographic subdivision, whose
effects may be easier to identify at the time scale of
microsatellite evolution.

Mantel tests allowed us to quantify the relative impor-
tance of geography and language in determining the cur-
rent genetic diversity. As already observed, genetic dis-
tances are more closely related with geographic than
with linguistic distances. The values of the correlation
coefficients between geographic and genetic distances
are consistent with the ones obtained by Ramachandran
et al. (2005) based on the same populations but with 406
additional loci. Our values are lower, but we also observe
a stronger correlation with RST measures of genetic dis-
tances (r ¼ 0.808) than with FST measures (r ¼ 0.746).

In the partial correlations, using RST measures of
genetic diversity, geography accounts for more than 50%
of the genetic variance when languages are kept con-
stant, whereas linguistic differences account for only 3%
of the genetic variance when geography is controlled for.
Nevertheless, both correlations are significant. This sug-
gests that (i), as already known, populations that are
distant in the geographical space tend to be genetically
differentiated, but also that (ii) pairs of populations sep-
arated by the same geographic distance tend to be more
genetically differentiated if they speak languages belong-
ing to different phyla. This significant correlation
between linguistic and genetic distances based on RST

values is consistent with previous analyses of European
diversity based on nuclear allele frequencies (Sokal,
1988) and on Y-chromosome polymorphisms (Poloni
et al., 1997; Rosser et al., 2000), and with Chen et al.’s
(1995) results at the world level, the latter study based
on 11 loci only. By contrast, when considering genetic
distances calculated as FST values, the partial correla-
tion between genetics and linguistics holding geography
constant is not significant. However, it is important to

note that because there is presently no consensus on
how to quantify linguistic relatedness, we were forced to
adopt a rather arbitrary and approximate scale of val-
ues. Therefore the fact that we did find significant corre-
lations suggests that the relationship between linguistic
and genetic differentiation may in fact be stronger than
estimated.

In agreement with this view is another result of this
study. We examined the effect of using a dLAN ¼ 8
(instead of 4) for languages belonging to different phyla,
implicitly assuming that only relatively close linguistic
relationships can be safely established, whereas the rela-
tionships between language phyla are minimal and
largely undefined (see e.g. Trask, 1996). This rescaling
had the effect of further increasing the partial correla-
tion between genetics and languages (r ¼ 0.206, P <
0.0001 with RST measures), although the association
between genetics and geography remains stronger.

Geography and languages together explain between
57% (RST) and 65% (FST) of the DNA variance among the
populations of this study, two values lower than those
reported for the same populations using different statis-
tics, namely 78% (Ramachandran et al., 2005). At any
rate, this means that a substantial part of microsatellite
diversity must be accounted for by other demographic or
evolutionary factors, and presumably that forces acting
locally, such as genetic drift and founder effects, have sub-
stantially contributed to shaping human DNA diversity.
Some aspects of this phenomenon have already been
pointed out, including the fact that the DNA similarities
between the Hazara and the Uyghurs of this study would
not be expected based on either their linguistic or geo-
graphic relationships (Rosenberg et al., 2002).

Finally, we investigated to which extent large linguis-
tic differences are localized at the main genetic bounda-
ries. Our analysis showed that the greatest proportion of
genetic barriers falls between populations speaking lan-
guages of different phyla. In other words, genetic boun-
daries, or zones or sharp genetic change, tend to occur
where well-distinct linguistic groups are at contact. We
showed in a previous study (Belle and Barbujani, 2006)
that genetic boundaries do not necessarily correspond to
obvious physical barriers. Significant genetic boundaries
have been observed, for instance, within South American
populations separated by but a few kilometers. The very
small size of the American hunting–gathering popula-
tions, and their documented tendency to split along fam-
ily lines (Crawford, 1998) have certainly enhanced the
local drift effects. Obviously, when population splits are
followed by isolation, both language and genetic diver-
gence will ensue, and language differences will reinforce
evolutionary independence between populations, even in
the absence of other reproductive barriers.

To understand if the significant difference found
between genetic barriers separating populations speak-
ing languages belonging to the same phylum or different
phyla was due to linguistic differences at the phylum
level, we repeated the same analysis using a different
grouping, that is to say between branches (or phyla) ver-
sus within branches. We found that no significant differ-
ence was left, suggesting that most of the correlations
previously found are due to the effects of the major lin-
guistic boundaries, such as those separating languages
of different phyla.

Our results may have been biased by a number of fac-
tors. First, it has been suggested that the uneven distri-
bution of the populations sampled across the world could
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influence the inferred patterns of genetic diversity (Serre
and Paabo, 2004), and hence of linguistic diversity. How-
ever, this issue is still debated, with Rosenberg et al.
(2005) maintaining that this geographic representation
was actually suitable for population structure studies.
Second, the classification of languages at the world level
is still controversial. To better assess the patterns of cor-
relation between genetic and linguistic diversity, we
need a clearer consensus on the relationships among lan-
guages.

Despite those potential drawbacks, the results of our
analysis, the largest comparison so far of genetic and lin-
guistic diversity in terms of the number of loci consid-
ered, confirm the existence, at a worldwide scale, of a
small but detectable effect of linguistic differences on
human DNA diversity at the genomic level.

This result is also of practical anthropological signifi-
cance, because most languages spoken on earth are cur-
rently threatened of extinction. Our finding that the dis-
tribution of languages has a detectable influence on
human genetic diversity suggests that it would be essen-
tial to constitute a collection of additional linguistic and
genetic data from the populations which are the most
endangered, before it is too late to study them.
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AQ1: The title has been modified slightly so as to eliminate the \the statement/sentence effect" of the
original. Kindly confirm whether the changes made are appropriate.

AQ2: Kindly note that as Roosenberg et al (2002) is repeated twice in the reference list, the latter has
been deleted.
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