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among selected populations of three continents.  Results:  
Comparing two databases of microsatellite (Short Tandem 
Repeat) markers and Single Nucleotides Polymorphisms 
(SNPs), with a linguistic matrix based on the values of 62 
grammatical parameters, we show that there is indeed a cor-
relation of syntactic and genetic distances. We also identi-
fied a few outliers and suggest a possible interpretation of 
the overall pattern.  Conclusions:  These results strongly sup-
port the possibility of better investigating population his-
tory by combining genetic data with linguistic information 
of a new type, provided by a theoretically more sophisticat-
ed method to assess the relationships between distantly re-
lated languages and language families. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Human geneticists and historical linguists often seek 
answers to similar questions and face similar problems 
 [1] . Starting from Sokal’s  [2]  analysis of genetic distances 
in Europe, many anthropological and genetic studies 
have modeled population history and migration using 
language similarities as a cue of evolutionary relatedness. 
Most such studies (but not all: see e.g.  [3] ) showed that, in 
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 Abstract 

  Objective:  To propose a new approach for comparing ge-
netic and linguistic diversity in populations belonging to dis-
tantly related groups.  Background:  Comparisons of linguis-
tic and genetic differences have proved powerful tools to 
reconstruct human demographic history. Current models 
 assume on both sides that similarities reflect either descent 
from common ancestry or the balance between isolation 
and contact. Most linguistic phylogenies are ultimately 
based on lexical evidence (roughly, words and morphemes 
with their sounds and meanings). However, measures of lex-
ical divergence are reliable only for closely related languag-
es, thus large-scale comparisons of genetic and linguistic di-
versity have appeared problematic so far.  Methods:  Syntax 
(abstract rules to combine words into sentences) appears 
more measurable, universally comparable, and stable than 
the lexicon, and hence certain syntactic similarities might re-
flect deeper linguistic relationships, such as those between 
distant language families. In this study, we for the first time 
compared genetic data to a matrix of syntactic differences 
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general, genetic change does parallel language change  [4–
12] , hence both tend in general to reflect the same demo-
graphic processes. In turn, comparisons with genetic data 
might in principle cast some light on population histories 
where linguistic relationships are unresolved or contro-
versial (e.g.  [13–15] ), even within the Indo-European 
family  [16] , although the linguistic tradition appears re-
luctant to incorporate genetic information in its analyses 
 [17] . Many objections against this combined approach 
stem from the unreliability of distant linguistic compari-
sons of the sort needed to match genetic comparisons. 
This depends on the fact that safely identifiable similari-
ties of words/morphemes in sound and meaning tend to 
dissolve within a short time span, sometimes placed 
around 8,000  8  2,000 years  [18] . Linguistic evolutions 
over longer time periods may be impossible to recon-
struct from lexical comparisons, because of deceiving 
 affinities emerging by sheer chance and the lexicon’s in-
ability to provide exact and broad-scope taxonomic (dis-
tance) measures. Accordingly, large-scale genetic studies 
 [5]  had to resort to very coarse classifications of languag-
es, which are generally controversial among linguists. A 
recently explored  [19]  way out of the limits of lexical com-
parison may then be to focus on other aspects of lan-
guage, such as the abstract syntactic characters identified 
within formal cognitive approaches and, more specifi-
cally, grammatical parameters of the sort increasingly in-
vestigated by theoretical syntax ever since Chomsky’s 
original proposals  [20, 21] .

  Phylogenetic Reconstructions in Linguistics 

 The basic problem for linguistic comparative methods 
is how to identify correspondences between languages 
which are significant against chance and thus call for his-
torical explanation. The taxonomic characters typically 
used for that purpose are  lexical  entities, broadly under-
stood as including both roots and grammatical mor-
phemes, as well as sound laws connecting them crosslin-
guistically. Lexical items, when resembling each other in 
form and meaning (e.g. Eng.  thick , Germ.  dick ), seem to 
provide the best proof of common origin.

  However, by simply inspecting overall lexical items 
for sound/meaning similarities, serious problems may 
arise; many resemblances among words are simply due 
to chance: e.g. Eng.  much ,  day ,  have  and Spanish  mucho , 
 dia ,  haber  are false cognates. By contrast, real cognates 
(e.g. Eng.  full  and It.  pieno ) may not look alike at all. This 
led in the 1870s to the establishment of a sophisticated 

chance-proof method, the  classical  comparative method 
 [18, 22] , focusing on more abstract entities, i.e. phono-
logical correspondences (‘sound laws’) systematically 
recurrent throughout the lexicon (e.g. Eng.  th-  = Germ. 
 d- :  thin, thief, thing  ... =  dünn, Dieb, Dinge  ...). Etymolo-
gies supported by such correspondences turn out to pro-
vide more reliable evidence of historical relatedness than 
superficial word resemblances. However, the very condi-
tion of its success (looking for very improbable, hence 
necessarily  rare , agreements) has restricted the classical 
comparative method to close languages whose kinship 
is normally already obvious: for, regular sound corre-
spondences between languages tend to disappear from 
their vocabularies in a few millennia after separation, 
leaving little hope of deeply digging into prehistory. Fur-
thermore, languages not proven to be related display no 
common etymology, virtually by definition, therefore 
their distances are all automatically flattened on the the-
oretically admitted maximum, and become uninforma-
tive.

  The Parametric Comparison Method (PCM)  [23, 24]  
is a new method of language comparison based on the 
idea that the core grammar of any natural language can 
in principle be represented by a string of binary symbols 
(e.g. a series of + and – , along with the special case of a 
certain amount of null values  [19] ), each symbol coding 
the value of a linguistic parameter. Such strings of sym-
bols can be unambiguously collated  [25]  and language 
distances and chance probability of agreements precisely 
measured. Furthermore, since parameters, much like ge-
netic polymorphisms, are drawn from a supposedly uni-
versal list, all languages, no matter how distant, could in 
principle be compared by this method. Data collection in 
PCM has been tentatively conducted along the lines of the 
Modularized Global Parametrization program  [23] , aim-
ing to reconcile relative typological coverage with accu-
racy and depth of analysis required by generative syntac-
tic theory. Therefore, all data have been checked against 
native speakers: none could have been drawn solely from 
existing repertoires, which are all far from sufficiently 
detailed to set the parameters used.

  The first phylogenetic experiments  [19]  have shown 
that PCM successfully meets several conceptual (chance 
probability and other expectations) and empirical (inde-
pendently well established historical classifications) ad-
equacy criteria and have also allowed the first formal 
demonstration that the rate of evolution in syntax is be-
tween 3 and 4 times slower than that of the correspond-
ing vocabularies, as computed over a standard source 
 [26] .
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  Material and Methods 

 Linguistic Distances 
 The 62 binary parameters used here, slightly adapted from 

Longobardi and Guardiano  [19] , describe one specific module of 
syntax in agreement with Guardiano et al.  [23] : that of nominal 
arguments (roughly entity-denoting expressions such as  John, old 
John, my best friend, the friend I met yesterday, my friend’s new 
book , etc.). Their values were initially set in 18 Indo-European 
languages (Italian, Salentino, Spanish, French, Portuguese, Ru-
manian, Grico, Greek, English, German, Norwegian, Bulgarian, 
Serbo-Croatian, Russian, Slovenian, Irish, Welsh, and Hindi) and 
6 non-Indo-European languages (Hebrew, Standard Arabic, 
Wolof, Hungarian, Finnish, and Basque).

  According to Longobardi and Guardiano’s procedure  [19] , the 
relationship between each pair of languages was first represented 
as an ordered pair of integers,  i  (a count of identities in parameter 
values) and  j  (a count of differences): when one or both languages 
of a pair happened to exhibit a null value for a parameter, that pa-
rameter was not counted at all for that pair; also, a few empiri-
cally uncertain states were counted as null for the purposes of 
these computations. Then, a measure of linguistic distance, d LAN , 
was calculated by dividing the number of differences by the to-
tal number of parameters considered in the comparison: d LAN  = 
 j /( i  +  j ) (essentially a Jaccard or Tanimoto distance  [27] ). A pair of 
languages identical for all parameters considered will thus have 

d LAN  = 0, a pair differing for all parameters will have d LAN  = 1, all 
other cases falling in between.

  Genetic Data and Distances 
 Populations from the Human Genome Diversity Panel 

(HGDP)-CEPH version 2.0  [28]  and from the ALFRED database 
 [29, 30]  were selected to try to match the languages compared by 
Longobardi and Guardiano  [19]  ( fig. 1 ). Fourteen of the languag-
es found a potential match in the chosen databases ( table  1 ), 
though with two qualifications. The match between the Wolof 
language of Senegal (Atlantic subfamily of Niger-Congo) and the 
Senegalese Mandenka population available is admittedly far from 
satisfactory, since the latter is constituted by speakers of a differ-
ent Niger-Congo language, namely one from the Mande subfam-
ily. However, in the only study available (a mitochondrial analysis 
of Western African populations), the Mandenka appeared very 
similar to speakers of the Wolof subfamily  [31] . The match be-
tween the Sindhi population and the Indo-Aryan language sam-
pled (basically a variety of Western Hindi) is also hardly optimal; 
we can only hope that at the level of analysis of nominal syntax 
the differences between the two relevant language varieties will 
turn out relatively minor: from the scanty literature available at 
least some similarity can be guessed  [32] . The genetic data among 
those  publicly available at the HGDP CEPH Genotype Database 
V2.0 (ftp://ftp.cephb.fr/hgdp_v2/) consist of 784 autosomal Short 
Tandem Repeat (STR) loci and 3,840 autosomal Single Nucleo-

  Fig. 1.  Populations considered in this study. The three-letter population labels are detailed in table 1. 
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tides Polymorphisms (SNPs), typed in a total of 305 subjects be-
longing to 10 populations ( table 1 ). Of the two Italian populations 
present in the HGDP database, Tuscans were excluded since 78% 
of the 3,840 SNPs had  1 5% missing data. Data from the ALFRED 
database (http://alfred.med.yale.edu) consist of allele frequency 
for 671 SNPs typed in 598 subjects belonging to 14 populations 
( table 1 ). Genotypic data were inferred from allele frequencies by 
custom Python scripting and used for subsequent analyses. While 
all HGDP populations found a match in the ALFRED dataset, 
there is no match between ALFRED and HGDP polymorphisms 
except for two SNPs, namely rs1408801 and rs239031.

  In order to separate, as far as possible, the DNA sites poten-
tially subject to selection from neutral sites, the position of SNPs 
with respect to genes and region-surrounding genes were deter-
mined according to ENSEMBL homo_sapiens_variation_57_
37b database (ftp://ftp.ensembl.org/pub/current_mysql/homo_
sapiens_variation_57_37b/) using Biomart  [33]  (online supple-
mentary  table 1; for all online supplementary material, see www.
karger.com/doi/10.1159/000317374). Thus, according to their po-
sition, SNPs were classified as genic (GEN) when falling in tran-
scribed or regulatory regions, or intergenic (INT) otherwise. In 
both datasets, the vast majority of SNPs is in genic regions (76% 
and 78% in ALFRED and HGDP, respectively).

  We estimated matrices of Reynolds et al.  [34]  and Cockerham 
and Weir F ST   [35]  pairwise genetic distances using Arlequin ver-
sion 3.5 software  [36]  separately for STRs and SNPs. We will refer 
thereafter to these matrices as d GEN , in general or, when necessary, 
as d SNP  and d STR . Significance of F ST s was assessed by 10,000 per-
mutations. Among several measures of genetic distance, Reyn-
olds’s and Cockerham and Weir’s statistics are sensitive to the 
consequences of drift, and do not consider the effects of the muta-
tion rate. We chose them in agreement with the widespread as-

sumption (see e.g.  [6, 37] ) that associations between linguistic and 
genetic distances are caused by the common impact of isolation 
on both variables, leading to a process of language divergence par-
alleling the effects of genetic drift. Recent simulation studies have 
also shown that, contrary to other measures of genetic distance 
which perform better in comparisons between closely-related 
populations, Reynolds’s index is appropriate for comparing ge-
netically distant populations, such as populations of different 
continents  [38] . Specific distance measures exist for both STRs 
and SNPs (e.g.  [39, 40] ) and were used in preliminary analyses, 
but, for reasons of internal consistency, we chose to use the same 
metrics for both STR and SNP comparisons. Thus, two sets of 
distances were calculated using SNPs in the GEN and INT cate-
gory and noticeably the two sets of distances do not significantly 
differ (Kolmogorov-Smirnov D = 0.527; p = 0.000 and D = 0.543; 
p = 0.000 for Reynolds and F ST  distances, respectively).

  Comparisons of Genetic and Linguistic Data 
 Matrices of geographic distances (d GEO ) between all pairs of 

populations were calculated by custom Python scripting in two 
ways: we estimated the great circle distances, or alternatively we 
took into account the likely migrational routes of early humans out 
of Africa, forcing the distances between populations through ob-
ligated waypoints as described in Ramachandran et al.  [41] . Spear-
man nonparametric correlations coefficients ( r ) between pairs of 
distance matrices were estimated and their significance was tested 
according to the Mantel  [42]  tests procedure as described in Sokal 
and Rohlf  [43] . In addition, because populations close in the geo-
graphical space tend to form genetic and linguistic clusters, we 
calculated partial correlations, i.e. coefficients comparing popula-
tions as if all pairs were at the same geographic distance. We did 
this by estimating the association of d GEN  (in fact, d SNP  and d STR ) 

Table 1. P opulations from the HGDP-CEPH and ALFRED databases matching the languages considered in [19]

Linguistic family Language Population HGDP ID ALFRED sample ID Pop label Coordinates Individuals, n

Niger-Congo Wolof   * Mandenka Mandenka SA001467S WMA 12N, 12E 24

Basque Basque French Basque French Basque SA001504K BFR 43N, 0 24

Uralic Finnish Finnish na SA000018J FFI 67.5N, 27.5E 35
 Hungarian Hungarian na SA002023H HHU 47N, 19.5E 89

Afro-Asiatic Arabic Druze Druze SA002257Q ADR 32N, 35E 48
Arabic Palestinian Palestinian SA001474Q APA 32N, 35E 51

 Arabic Bedouins Bedouins SA002254N ABE 31N, 35E 49

Indo-European Russian Russian Russian SA001510H RRH 61N, 40E 25
Russian Russian na SA000019K RRA 64.32N, 40.34E 47
Hindi* Sindhi Sindhi SA001479V HSI 25.5N, 69E 25
French French French SA001503J FFR 46N, 2E 29
English Orcadian Orcadian SA001508O EOR 59N, 3W 16
Italian Italian North Italian SA002255O IIT 46N, 10E 14

 Gaelic Irish na SA000057M GIR 53.5N, 8.5W 113

I nformation about linguistic family from Ethnologue (http://www.ethnologue.com).
na = Not available. * Further explanation about the language-population match in the text.
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and d LAN  by partial Mantel tests  [44] , with d GEO  held constant  [45] . 
The significance of the correlation coefficients thus obtained was 
evaluated by permuting 10,000 times rows and columns of one 
distance matrix, while keeping the other matrix constant; this way, 
we generated a distribution of random pseudovalues of the statis-
tics, against which the observed  r  values were compared. All cal-
culations were carried out using the R Vegan package  [46] .

  To graphically represent the genetic similarities between pop-
ulations we used two nonparametric approaches, namely Multi-
dimensional Scaling (MDS) and Procrustes analysis. For the MDS 
procedure, we started from the d GEN  and d LAN  matrices and pro-
jected the datapoints, corresponding to populations/languages, 
in a bi-dimensional space so that the distances between the points 
approximate the respective degree of dissimilarity  [47] . Stress val-
ues relative to the MDS configurations were calculated according 
to Kruskal formula  [48]  and turned out to be always lower than 
the cutoff value according to Sturrock and Rocha  [49]  (that is 21.7 
and 13.3% for 2 dimensions and 14 and 10 objects, respectively). 
The Procrustes method rotates a bi-dimensional set of points to 
maximum congruence with a target set of points by minimizing 
the sum of squared differences  [50] . This way, once again using 
the R Vegan package  [46] , we compared MDS graphs based on 
genetic and linguistic distances.

  Results 

 Since neither linguistic nor genetic distances were 
normally distributed (Shapiro S = 0.96; p = 0.003 for d LAN ; 
see online suppl. table  2 for d GEN ) the nonparametric 
Spearman correlation coefficient was chosen for subse-
quent analyses. In all the analyses here reported, the re-
sults were significant after Bonferroni correction for 
multiple tests, unless otherwise specified.

  As expected, the matrices of geographic distances 
were highly correlated (r = 0.89, p  !  10 –4 ). However, in all 
comparisons with genes or languages, the correlation co-
efficients based on great circle distances were lower than 
those considering the routes of past migrations (online 
suppl. table 3) and so, for the sake of simplicity, we shall 
report only the results based on the latter. For both data-
sets, d LAN  showed only a statistically not significant cor-
relation with d GEO  (r GEO,LAN  = 0.30, p = 0.098 for HGDP; 
r GEO,LAN  = 0.26, p = 0.077 for ALFRED). Pairs of genetic 
distance matrices were generally highly correlated (r  6  
0.71), with the exception of the matrices of distance be-
tween genic and intergenic polymorphisms estimated 
from the ALFRED dataset, where the correlation, al-
though nominally significant (p  ;  0.03) was much lower 
( table 2 ).

  Genetic distances inferred from the 784 STRs showed 
a high and consistent correlation with both d LAN  and 
d GEN  ( table 3 ). The partial correlation coefficients show 

that the positive relationship between languages and 
genes is due only in minimal part to the common correla-
tion with geography.

  Two sets of genetic distances were calculated using 
SNPs (GEN and INT), and the two matrices did not sig-
nificantly differ (Kolmogorov-Smirnov D = 0.527, p < 
0.0001, and D = 0.543, p < 0.0001 for Reynolds and F ST  
distances, respectively). However, they showed a more 
complicated pattern of association with other variables, 

Table 2. M antel correlation between matrices of genetic distances 
calculated using different SNPs subsets

ALL G EN

r p r p 

ALFRED Reynolds GEN 0.88 <0.001 – –
INT 0.71 <0.001 0.36 0.0302

FST GEN 0.88 <0.001 – –
INT 0.71 <0.001 0.36 0.0332

HGDP Reynolds GEN 1.00 <0.001 – –
INT 0.96 <0.001 0.94 <0.001

FST GEN 1.00 <0.001 – –
INT 0.96 <0.001 0.94 <0.001

ALL  = all SNPs; GEN = genic SNPs; INT = intergenic SNPs;
r = Spearman correlation coefficient. Statistical significance at 
the p < 0.05 level highlighted in bold type. Data relative to the two 
datasets are reported.

Table 3. M antel correlation and partial correlation coefficients, 
between genetic (STR), linguistic (LAN) and geographic (GEO) 
distance matrices for populations in the HGDP dataset

Reynolds Cockerham and W eir

r p r p 

STRs, n          784          784
rSTR,LAN 0.68 <0.001 0.68 <0.001
rSTR,GEO 0.70 <0.001 0.70 0.00
rSTR,LAN.GEO 0.69 <0.001 0.69 <0.001

Lin guistic distances based on the Parametric Comparison 
Method. Genetic distances calculated according to Reynolds and 
Cockerham and Weir’s FST.

r = Spearman correlation coefficient. Statistical significance 
at the p < 0.05 level highlighted in bold type. All correlations are 
statistically significant after Bonferroni correction.
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depending on whether the SNPs considered fall in genic 
or intergenic chromosome regions ( table 4 ). The ALFRED 
dataset showed in general a poor level of association be-
tween variables and no overall significance after Bonfer-
roni correction; only for intergenic DNA polymorphisms 
did r SNP,GEO  reach significance. Conversely, in the HGDP 
dataset correlations are high and significant, and particu-
larly so for SNPs in coding regions of the genome.

  To better understand whether the clear difference be-
tween the correlations estimated from the ALFRED and 
the HGDP datasets may reflect differences in the popula-
tions, or in the markers, considered, we redid all the cal-
culations after removing four of ALFRED’s populations, 
so that the geographical span of the comparisons was the 
same as in the analyses of the HGDP dataset. This time, 
we observed a general increase of the correlation coeffi-
cients, and in several cases the correlations achieved sta-
tistical significance (with the exception of r SNP,LAN  for the 
intergenic polymorphisms, which, however, was based 
only on 162 DNA sites) ( table 4 ). Two of the four samples 

thus removed represent Uralic, i.e. non-Indo-European, 
speakers of Europe (Hungarians and Finns), namely pop-
ulations likely to disrupt the linear relationship between 
d GEO  and d LAN . In all these analyses, r GEN,LAN  appeared 
to be stronger in genic than in intergenic regions.

  To identify which populations departed most from the 
general pattern of correlation between genetic and lin-
guistic distances, we applied Procrustes analysis to the 
MDS graph (not reported) obtained from d GEN  versus 
d LAN  comparisons. Populations were plotted twice in a 
two-dimensional graph, based respectively on their lin-
guistic and genetic relationships, and then we calculated 
the distance between pairs of points representing each 
population (namely residuals). When the two criteria 
yield exactly the same result, the distance is zero; when 
the two criteria are discordant, the distance between 
pairs of points is proportional to the difference observed 
between the two classification criteria. Results in  figure 2  
show residuals for all populations and suggest that the 
lack of complete correlation is mostly due to the behavior 
of Arabic-speaking (APA, ADR, ABE; for abbreviations, 
see  table 1 ) and Basque populations, the most salient be-
ing Basques. Indeed, while from a genetic standpoint 
Basques are very similar to the other European popula-
tions, they represent a linguistic outlier, namely a non-
Indo-European language isolate in Europe.

  In contrast, the two groups for which we had only an 
approximate correspondence between language and bio-
logical population studied, namely the African Manden-
ka and the Asian Sindhi, show very low residuals (in fact, 
the lowest in the ALFRED dataset,  fig. 2 a), which is what 
one would expect under the hypothesis that there is in-
deed a parallelism between linguistic and genetic change. 
Therefore, although not a proof, this finding suggests that 
the approximation we had to resort to was, at least, a rea-
sonable idealization.

  Discussion 

 In this study we compared populations belonging to 
four major linguistic phyla  [51, 52] , namely Afro-Asiatic 
(Arabic), Niger-Congo (Wolof), Uralic (Finnish and Hun-
garian) and Indo-European (French, Irish, Italian, En-
glish, Russian and Sindhi), and a linguistic isolate, Basques; 
among Indo-European languages, four different branches 
were represented, namely Indo-Iranian, Italic, Balto-Slav-
ic and Germanic. Estimating linguistic distances among 
these samples from lexical comparisons would have been 
highly problematic, or simply unwarranted  [17] .

Table 4. M antel correlation and partial correlation coefficients, 
between genetic (SNP), linguistic (LAN) and geographic (GEO) 
distance matrices for populations in the HGDP and ALFRED da-
tasets

Reynolds ALFRED ALFRED_10 H GPD

r p r p r p 

ALL SNPs, n       671        671       3,840
rSNP,LAN 0.20 0.123 0.47 0.017 0.56 0.005
rSNP,GEO 0.24 0.099 0.48 0.032 0.70 <0.001
rSNP,LAN.GEO 0.15 0.179 0.39 0.052 0.51 0.013

GEN SNPs, n       509        509       2,992
rSNP,LAN 0.24 0.098 0.48 0.020 0.57 0.005
rSNP,GEO 0.09 0.241 0.23 0.187 0.70 <0.001
rSNP,LAN.GEO 0.22 0.096 0.44 0.035 0.53 0.011

INT SNPs, n       162        162         848
rSNP,LAN 0.18 0.141 0.36 0.076 0.49 0.026
rSNP,GEO 0.51 0.002 0.74 <0.001 0.66 0.002
rSNP,LAN.GEO 0.06 0.329 0.22 0.175 0.40 0.061

ALF RED_10 is a subset of the ALFRED database including only 
populations also present in the HGDP panel. Linguistic distances 
based on the Parametric Comparison Method. Genetic distances 
calculated according to Reynolds using all SNPs in the datasets 
(ALL) or only those in ‘genic’ or ‘intergenic’ regions (GEN and INT, 
respectively).

r = Spearman correlation coefficient. Statistical significance at 
the p < 0.05 level highlighted in bold type. All correlations are sta-
tistically significant after Bonferroni correction.
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  The preliminary analyses that we ran show that Lon-
gobardi and Guardiano’s  [19]  index of distance based on 
syntax, besides being grounded in grammatical theory 
and well matched by traditional linguistic phylogenies, 
shares some useful empirical properties with other indi-
ces that are popular among geneticists. Indeed, this mea-
sure shows a broad general correlation with genetic dis-
tance, and allows one to identify outlier populations. Be-
cause these observations are based on a small set of 
populations, scattered across a broad subset of the plan-
et’s language diversity, these results were not necessarily 
expected. Indeed, among an estimated total of approxi-
mately 5,000 languages spoken today, only for a handful 

the similarities with others are so loose that they are clas-
sified as linguistic isolates, but in this study the isolate, 
Basque, represented up to 1/8 of the total. In addition, we 
had cases of different populations speaking the same lan-
guage, Russian and Arabic in particular (d LAN  = 0) which 
has necessarily reduced the correlations, because these 
populations cannot be genetically identical (d GEN  = 0). 
Both these factors were likely to disrupt the simple linear 
relationship expected between d GEN  and d LAN , but in fact 
they did not. The correlations appeared significant, and 
generally high, when d GEN  were estimated both from SNP 
and STR markers, which is encouraging for future, larg-
er-scale applications of the methodology. The additional 

a

b

  Fig. 2.  Procrustes residuals based on Reyn-
olds d GEN  and d LAN  for the ALFRED ( a ) 
and HGDP ( b ) datasets. Solid line = me-
dian value; dashed lines = 95% confidence 
interval based on standard deviation. Pop-
ulation labels as in table 1. 
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tests we ran show that the association between languages 
and genes becomes tighter when the effects of geography 
are held constant, and when the main outlier is removed.

  Therefore, the results of our analyses seem robust to a 
number of possible complications of the study design, 
hence they clearly suggest that analyses of broader sets of 
data representing a more detailed sampling of human bi-
ological and cultural diversity (crucially including syn-
tactic distances calculated by PCM) will yield interpre-
table results and indeed allow previously impossible 
large-scale comparisons.

  We do not think we can draw firm general conclusions 
on human genetic and linguistic diversity at this stage, 
but some patterns are already evident and, if confirmed 
by analyses of larger datasets, will need to be better un-
derstood. First, most genetic distances (i.e. those calcu-
lated from all HGDP data and intergenic SNPs of the 
 ALFRED database) showed the well-known positive cor-
relation with geographic  [6, 10, 53]  and linguistic distanc-
es, in agreement with many previous studies based on 
lexical comparisons  [1, 2, 9, 38] . However, these correla-
tions are now shown to exist over several continents, be-
cause for the first time they were estimated on the basis 
of a robust measure of linguistic distance, suitable for 
such long-range comparisons.

  We observed a slightly closer relationship of syntactic 
distances with genetic distances inferred from STR, rath-
er than SNP, variation. This seems a rather general con-
clusion of our study, irrespective of the specific d GEN  in-
dex estimated. The main difference between the genetic 
systems considered might lie in the different mutational 
mechanisms, or different mutation rates, generating dif-
ferent geographical patterns of STR and SNP diversity, 
the former more closely comparable to the relatively fast-
evolving differences in syntax.

  We found no substantial differences between SNP 
markers in genic or intergenic regions, when considering 
r GEN,LAN , even though variation at SNPs mapping in or 
near coding regions might reflect, to an extent difficult 
to define in advance, the effects of selection. This is not 
really surprising, because (a) SNPs falling in coding ge-
nome regions are not necessarily subjected to selection, 
and (b) there is by now rather extensive evidence that, 
even for loci subjected to selection, selective pressures are 
generally mild, and do not substantially contribute to de-
termining patterns of genetic diversity over much of the 
world  [54, 55] . In any case, a priority for future, larger 
studies will be to run preliminary neutrality tests, in the 
hope of discriminating the effects of selection from those 
of mutation.

  The measures of genetic distance we used throughout 
the study basically represent population differences as 
due to genetic drift, disregarding the effects of mutation. 
We thought this was the proper choice, as it is well known 
that mutations accumulate across long evolutionary peri-
ods, whereas the frequencies of allelic variants, no matter 
whether they are estimated at the DNA level or at the pro-
tein level, fluctuate rapidly because of drift  [11, 56] . The 
latter mechanism seemed to be the most suitable to mod-
el population process occurring at the time-scale of lin-
guistic change, which is also deeply affected by popula-
tion contacts and isolation  [57] .

  Future developments of this analysis will require as-
semblage of broader linguistic and genetic databases. 
Once these datasets will be ready for comparison, we plan 
to get into finer detail in the study of the effects of demo-
graphic history on genes and languages. Of course, we 
know in advance that human population history has been 
complex, and therefore identifying patterns for specific 
geographical regions and markers is no guarantee that 
the same patterns will be observed elsewhere or with oth-
er markers  [58] . However, both the rule (whether, in 
which parts of the world, and to what extent, there is in-
deed a correlation between syntactic differences and ge-
netic diversity) and the exceptions (outlier populations, 
defined on the basis of syntax or gene pool) will be fruit-
ful and interesting to investigate.
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