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Genetic variation in the Sorbs of eastern Germany
in the context of broader European genetic diversity

Krishna R Veeramah1,2,3,8, Anke Tönjes4,8, Peter Kovacs4, Arnd Gross5,6, Daniel Wegmann1, Patrick Geary3,
Daniela Gasperikova7, Iwar Klimes7, Markus Scholz5,6, John Novembre*,1 and Michael Stumvoll*,4

Population isolates have long been of interest to genetic epidemiologists because of their potential to increase power to detect

disease-causing genetic variants. The Sorbs of Germany are considered as cultural and linguistic isolates and have recently been

the focus of disease association mapping efforts. They are thought to have settled in their present location in eastern Germany

after a westward migration from a largely Slavic-speaking territory during the Middle Ages. To examine Sorbian genetic diversity

within the context of other European populations, we analyzed genotype data for over 30000 autosomal single-nucleotide

polymorphisms from over 200 Sorbs individuals. We compare the Sorbs with other European individuals, including samples from

population isolates. Despite their geographical proximity to German speakers, the Sorbs showed greatest genetic similarity to

Polish and Czech individuals, consistent with the linguistic proximity of Sorbian to other West Slavic languages. The Sorbs also

showed evidence of subtle levels of genetic isolation in comparison with samples from non-isolated European populations. The

level of genetic isolation was less than that observed for the Sardinians and French Basque, who were clear outliers on multiple

measures of isolation. The finding of the Sorbs as only a minor genetic isolate demonstrates the need to genetically characterize

putative population isolates, as they possess a wide range of levels of isolation because of their different demographic histories.
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INTRODUCTION

Population isolates have been favored as study populations for genetic

mapping because of their unique demographic histories, which are

typically characterized by long periods of isolation from other popula-

tions, and in some cases, increased levels of inbreeding and/or

bottlenecks during their founding.1 As a result of their demography,

population isolates are expected to have lower levels of genetic

heterogeneity underlying disease traits, low levels of internal popula-

tion structure and higher levels of linkage disequilibrium (LD), all

of which aid mapping efforts.2 A further expected benefit is that the

greater uniformity in environment and lifestyle, typically found

in population isolates, allows for more facile matching of cases and

controls and higher heritability of phenotypes (including disease

traits).2

Whether many human population isolates in fact evidence

substantially longer range LD and lower levels of genetic diversity,

has been unclear. Early simulations and results argued for only modest

differences between isolates and outbred populations.3–5 More recent

empirical surveys show that isolates that have experienced a large

founder event coupled with recent population growth, demonstrate

higher overall levels of LD and fewer regions of very low LD (eg,

Service et al6 Angius et al7). However, because each population isolate

is unique, the potential effectiveness of any population isolate for

mapping needs to be assessed by considering its specific demographic

history and by undertaking empirical surveys of genetic variation.

The Sorbs, who reside in the Lusatia region of eastern Germany, are

a population isolate defined by their use of a West Slavic language

(Sorbian) in an area with a majority of Germanic speakers (Figure 1).

The degree of isolation is more remarkable when one considers the

more eastward distribution of Germanic territory and people before

World War I. There are presently B25 000 Sorbian speakers, with

18 000 being speakers of Upper Sorbian (which is closer to the Czech

language) residing in the federal state of Saxony and 7000 speakers of

Lower Sorbian (closer to the Polish language) in the more northerly

state of Brandenburg.8

One study of Sorbian populations describes their presence in

present-day Germany as the result of an initial spread of numerous

Slavic groups (collectively termed Polabians) westward from at least

the 1st Century C.E. The geographical origins of these Polabians are

essentially unknown, but various authors have placed it in present-day

Ukraine, southern Belarus, parts of Russia, southern Poland and the

Czech Republic. From the 9th century forward, eastward expansions

of Germanic populations resulted in the displacement or absorption

of virtually all Polabians, with the exception of the ancestors of

modern Sorbs. Sorbs remain culturally distinct from their Germanic-

speaking neighbors, preserving much of their Slavic language and
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traditional customs. A more detailed historical account with a

bibliography is provided in the Supplementary Information.

Previous population genetic studies of Sorbian individuals have

been limited to Y-chromosome surveys,9–12 and have shown the

greatest similarity of Sorbian individuals to be with West Slavic

populations (with greatest affinity with Poles). Recently, the Sorbs

have been successfully utilized in candidate gene and genome-wide

association studies of height and metabolic syndrome traits.13–17

Although these studies are suggestive of the power of using the

Sorbs for mapping, they do not make clear the extent to which

Sorbs are a genetic isolate.

In this study, we examine patterns of genetic variation across

Sorbian individuals in order to understand (a) the relationship of

Sorbian individuals to other Europeans, which may offer unique

insights into their demographic history, and (b) their potential status

as a genetic isolate, which is of interest from a genetic epidemiology

perspective. To accomplish this, we examine SNP variation found in

Sorbian individuals within the context of data from a large number of

previously genotyped outbred European individuals,18–21 as well as

newly genotyped German and Slovak individuals. In particular, we

contrast genetic diversity in the Sorbs to that of French Basque and

Sardinians, who have long been regarded as population isolates within

Europe7,22,23 as well as the Orcadians, who are considered cultural

isolates with less evidence for genetic isolation.24,25

SUBJECTS AND METHODS

Data sets
Sample collection. A total of 996 Upper Sorbian speakers of the Catholic

denomination were recruited from private practices in eight villages from

Eastern Saxony. These individuals were initially thinned to a set consisting of

289 Sorbian individuals (124¼male, 165¼female), on the basis of the criteria

that all four grandparents were described as Sorbian, pairwise identity-by-

descent (IBD) was less than 0.15, SNP missingness was less than 7% per

individual and single-nucleotide polymorphisms (SNPs) were successfully

genotyped in at least 30% of individuals. We also conducted a more con-

servative filtering of these 289 individuals by a stricter IBD analysis that resulted

in what would be considered a homogenous set of 178 unrelated Sorbs (see

Supplementary Information). In addition, 10 and 15 individuals from Ger-

many and Slovakia, respectively, were recruited at the University of Leipzig and

Slovak Academy of Sciences. All studies were approved by the ethics committee

of the University of Leipzig, and all subjects gave written informed consent

before taking part in the study.

DNA extraction and genotyping. Genomic DNA was extracted using the

QIAmp DNA Blood Midi Kit (Qiagen Inc., Valencia, CA, USA) according to

the manufacturer’s protocol. Genotyping was performed using the 500K

Affymetrix and Affymetrix 6.0 GeneChip set (Affymetrix, Santa Clara, CA,

USA). Probes were scanned by GeneChip Scanner 3000 7G and genotypes were

determined with the GeneChip Genotyping Analysis Software (GTYPE) using

the BRLMM or Birdseed algorithm. From this point on, we refer to this

genotype data as the LPZ data set, in reference to the University of Leipzig, at

which the work was completed.

Reference data set and merging
POPRES: genotype data for 1387 European individuals from the Population

Reference Sample (POPRES) project,18 described in Novembre et al,19 were used

for reference purposes. HGDP: genotype data for 140 European individuals from

the Human Genome Diversity Project (HGDP) panel20,21 were also used as

reference data. Data set Merging and Quality control: We constructed three data

set merges: POPRES/LPZ (30,587 SNPs), POPRES/HGDP (30,587 SNPs) and

POPRES/LPZ/HGDP (8745 SNPS). The potential impact of batch effects within

the LPZ data set was a major concern when merging with the POPRES and

HGDP data sets (see Supplementary Figure 1). Therefore, we applied a very

conservative approach, thinning to very high-quality SNP calls, indicated by low

missingness values. These criteria suitably corrected for the initial difference

between German individuals genotyped in the LPZ and HGDP data sets before

filtering (see Supplementary Information for further details).

With regard to our power to identify population structure using a reduced

set of SNPs, Patterson et al26 provide evidence that a threshold behavior exists

for detecting population structure, such that if FST is greater than 1/Onm

(where n equals the number of markers and m the total sample size),

populations will be resolved in a principle components analysis (PCA). For

n¼30 000 (the number of SNPs in the POPRES/LPZ merge) and m¼27�2¼54

(where 27 is the median sample size across LPZ, POPRES and HGDP data

sets), the minimum FST threshold would be 0.0008. To set this value in context,

the FST between broad regions of Europe is 0.004,19 and the median FST across

all pairwise comparisons we observe in our study is 0.0019 (see Supplementary

Table 1). Thus, we expect that our conservative approach of filtering SNPs

should not cost us very much in terms of detecting population structure.

Statistical analysis
Population structure analysis. PCA: all PCAwas performed using smartpca26

under default parameters with 0 outlier detection iterations, unless otherwise

stated. To control for the potential effect of uneven sampling and excess

relatedness on PCA visualization,27 we implemented a ‘drop one in’ procedure

for incorporating population isolates (see Supplementary Information for

further details). PCA bootstrap analysis was performed as described by

Novembre et al,19 Supplementary Material. Pairwise FST: pairwise population

FST values were based on the y statistic.28 A permutation test, using 10 000

replicates, was used for testing the relative significance of pairs of distances.

Ancestry estimation: maximum likelihood estimation of individual ancestries

was performed using the software Admixture (http://www.genetics.ucla.edu/

software/admixture/),29 using default values (see Supplementary Information

for further details).

Measures of inbreeding. Inbreeding coefficient, F, and runs of homozygosity

(ROH): calculation of the inbreeding coefficient, F, and analysis of ROH were

performed using PLINK routines (http://pngu.mgh.harvard.edu/purcell/plink/;

see Supplementary Information for further details). Linkage disequilibrium

Decay (LD) analysis: LD was quantified using both the genotypic- and

haplotypic-based r2 statistic for the POPRES/LPZ and POPRES/HGDP data

Figure 1 Map showing approximate location of Sorbian speakers in relation

to the current boundaries of Germany.
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sets (before any LD filtering). We followed the resampling procedure of

Jakobsson et al30 to control for uneven sample size (see Supplementary

Information for further details). Haplotype phasing was performed using

fastPHASE version 1.2 with a K-value (number of haplotypes clusters con-

sidered) of 20 (as utilized in Pickrell et al31), and the use of subpopulation

labels based on country of origin for POPRES samples and ethnic identity for

HGDP and LPZ samples if available. All other parameters were run under

default values.

RESULTS

Sorbs in the context of broader European genetic diversity

To assess how the Sorbs fit within a general background of spatial

structure among European populations,19 we conducted PCA on the

merged LPZ/POPRES data set. The median position of all Sorbs

(Figure 2a) is roughly representative of their geographical location,

that is, west of Poles, north of Czechs and east of Germans. The

bootstrap distribution of the median PC1–PC2 position of the Sorbs

overlaps that of the Poles, demonstrating their genetic similarity, but

was distinct from both the Germans and Czechs (Figure 2c). The

median position for the LPZ Slovakian individuals was also located in

approximately the expected position based on geography (suggesting

the outlier position of the single POPRES Slovakian individual in

Novembre et al19 was a sampling artifact).

PCA analysis using the POPRES/HGDP merge (Figure 2b) showed

both the Basque and Sardinians to be highly differentiated from all

other Europeans, with clearly discrete median bootstrap distributions

(Figure 2d). Interestingly, five Italians from the POPRES data set that

were outliers in Novembre et al,19 clustered tightly with the HGDP

Sardinians. In addition, the coordinates of HGDP Northern Italians

and Tuscans reflect their relative geographical positions when

compared with the more general set of POPRES Italians. The

Orcadians are almost completely indistinguishable from individuals

from the United Kingdom and Ireland.

Pairwise FST values were calculated between all populations with a

sample size of 10 or greater (Supplementary Table 1) using the

POPRES/LPZ/HGDP merge (a total of 26 populations using 8745

SNPs). The Sorbs were generally found to be closer to Slavic- than

Germanic-speaking population. Examining these distances in more

detail showed the Sorbs to be closer to Czechs than Poles (Table 1);

but this difference was not statistically significant when assessed by

Figure 2 (a) PCA analysis using POPRES/LPZ merge. Circled position indicates median coordinate value for Sorbs. (b) Same as a, except using POPRES/

HGDP merge. (c) Bootstrap analysis via median coordinate values of POPRES/LPZ merge based on sample’s country of origin. (d) Same as c, except using

POPRES/HGDP merge. PCA1 is on y axis and PCA2 is on x axis for all plots. For (a, b) an appending asterisk indicates that this individual (and sample

median position) is from the Leipzig data set. For (c, d) an appending asterisk indicates that this individual (and sample median position) is from the HGDP

data set.
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permutation (P¼0.280). However, the FST values between the Sorbs

and both Czechs and Poles were significantly smaller (Po0.05) than

that between the Sorbs and any other population, including both

German groups (Po0.001). Interestingly, the French Basque were

significantly closer to Spanish POPRES individuals than either

POPRES or HGDP French individuals (Po0.001). The magnitude

of the FSTwas also informative: the Sorbs were much closer genetically

to their geographical neighbors (eg, FST of Sorbs vs Czech¼0.0008)

than the French Basque and Sardinians were to their geographical

neighbors (eg, FST of Basque vs French¼0.0055, Sardinians vs

Italians¼0.0053) and other populations in general.

We estimated individual ancestry components in an unsupervised

(ie, no parental groups were assumed) admixture model, using the

maximum likelihood approach implemented in Admixture.29 The

Sorbs (n¼178) were analyzed alongside individuals from the following

populations: POPRES Germany (DE, n¼71), Poland (PL, n¼22),

Czech Republic (CZ, n¼11), Serbia and Montenegro (YG, n¼41),

and LPZ Germany (LPZ-DE, n¼10) and Slovakia (LPZ-SK, n¼15).

These populations were included alongside the Sorbs, as they were

considered as potential source populations based either on geography

(eg Germans) or historical hypotheses (eg, Sorbs potentially share

recent common ancestry with Polish, Czech or Serbian individuals).

The vast majority of individuals, including Sorbs, evidenced substantial

ancestry from almost all K inferred clusters (Supplementary Figure 2),

regardless of the K value used, reflecting a poor fit of the admixture

model. Using the cross-validation (CV) approach implemented in

Admixture, we calculate the highest CV accuracy for values of K¼1,

with some overlap with K¼2 (Supplementary Figure 3a), suggesting

weak evidence for structure in this data. When ancestry components

were averaged within populations (Supplementary Figure 4), the Sorbs

were somewhat more distinct from other populations. For K¼2, 3 and 4,

the Sorbs showed greatest similarity to Poles, followed by Czechs,

Slovaks and the two German populations. The Sorbs were most

different to Serbia and Montenegro, likely reflecting the considerable

geographical distance between the two populations. The above results

were in stark contrast to that of the Sardinian and French Basque

(assessed using a separate POPRES/HGDP merge), who are both

clearly differentiated from neighboring European populations (Sup-

plementary Figure 4, Supplementary Figure 5) for values of K¼3 and

above (the CV accuracy was highest for K¼2, with substantial overlap

with K¼3 (Supplementary Figure 3b), a likely result of the emergence

of Sardinian and Basque clusters), whereas the Orcadians showed only

moderate evidence of differentiation.

Sorbs as a genetic isolate

We next investigated measures of genetic diversity in the Sorbs that

might reflect a history of relative isolation, elevated levels of inbreed-

ing and/or recent historical bottlenecks. We compare the values

observed with those for the French Basque, Sardinian and Orcadians

as well as other European reference populations.

As may be expected, the French Basque and Sardinians show

evidence of substantial genetic isolation. The Sardinians, closely

followed by the Basque, had extremely high pairwise FST values

compared with all other populations, with the minimum FST with

their geographic neighbors being 0.0053 (SD vs IT) and 0.0047 (BSQ

vs ES), respectively (Supplementary Table 1). These minimum FST
values were far higher than any other pairwise comparison between

geographic neighbors, which ranged from �0.0014 to –0.0017 (ignor-

ing any comparisons involving LPZ_DE, which tended to produce

much lower values than expected). The MAF spectra (Supplementary

Figure 6), although highly distorted because of SNP ascertainment,

also show the Sardinians and Basques to have a noticeable excess of

monomorphic SNPs. This excess suggests that some SNPs that are

polymorphic in Europe may have been driven to extinction/fixation at

a higher rate or never existed at all in these populations, consistent

with genetic isolation. They were also both clear outliers with regard to

the number of homozygous segments detected (Figure 3c). A plot of

LD decay based on genotypic r2 shows the Basque to have slightly

elevated LD (Figure 4b) that increases when using phased haplotype

data (Figure 4d). Sardinians only demonstrated elevated LD

using phased data, and were not comparable to the level observed

in the Basque.

Analysis of the Sorbs and Orcadians did indicate some subtle signals

of genetic isolation, albeit not to the same extent as the Basque and

Sardinians. They had the fourth and fifth highest average pairwise FST
values as well as the fifth and joint third highest minimum pairwise

FST values, respectively (again ignoring LPZ_DE comparisons),

although the magnitude of both these measures was approximately

half of those seen in the Basques and Sardinians (Supplementary

Table 1). The HGDP Russians were third and joint third in the average

and minimum pairwise FST ranking, respectively, probably reflecting

their relatively large geographical distance from other European

populations in the POPRES, which has few populations from Eastern

Europe. Similarly, the Sorbs and Orcadians possessed the third and

fourth highest number of monomorphic SNPs (Supplementary Figure

6). The Sorbs were relatively unremarkable with regard to ROH

(Figures 3a and b), but the Orcadians had the highest median average

length of individual ROH segments (Figure 3d), suggesting a very

recent history of inbreeding. Although not directly comparable to the

other population isolates, the Sorbs show a consistent but only

Table 1 Pairwise FST values � 103 for each of four population

isolates against all populations with sample size, nZ10

Sorbs vs � FST HGDP_BSQ vs� FST HGDP_SD vs� FST HGDP_OR vs � FST

CZ 0.8 ES 4.7 IT 5.3 LPZ_DE 0.9

PL 1.1 LPZ_DE 5.3 PT 5.7 AT 1.7

SE 1.7 FR 5.5 HGDP_NI 5.8 NL 1.7

LPZ_DE 1.8 PT 5.5 ES 6.0 UK 2.0

LPZ_SK 1.9 HGDP_FR 5.9 FR 7.3 DE 2.1

AT 1.9 CH 6.4 CH 7.8 SE 2.2

HU 2.2 CZ 6.7 RO 7.9 HGDP_FR 2.3

DE 2.6 AT 6.8 HGDP_FR 8.1 IE 2.4

RO 2.7 SE 6.9 LPZ_DE 8.2 BE 2.4

NL 3.0 RO 7.1 YG 8.4 LPZ_SK 2.8

UK 3.6 BE 7.1 BE 9.1 CH 2.9

BE 3.6 HGDP_NI 7.1 AT 9.2 FR 3.2

HGDP_RU 3.6 DE 7.2 HU 9.8 HU 3.2

HGDP_FR 3.9 UK 7.3 DE 9.9 PL 3.5

CH 3.9 HU 7.4 NL 10.4 CZ 3.5

FR 4.1 NL 7.7 UK 10.7 ES 4.2

IE 4.2 IT 7.8 CZ 10.9 RO 4.3

YG 4.6 IE 7.8 SE 11.4 PT 4.4

HGDP_OR 5.2 YG 8.1 HGDP_BSQ 11.6 HGDP_NI 5.4

ES 5.7 LPZ_SK 8.6 LPZ_SK 12.2 Sorbs 5.4

PT 6.0 PL 9.2 IE 12.2 YG 5.6

HGDP_NI 6.9 HGDP_OR 10.0 PL 13.3 HGDP_RU 6.1

IT 7.0 Sorbs 11.0 HGDP_OR 13.5 IT 6.1

HGDP_BSQ 10.7 HGDP_SD 11.6 Sorbs 15.2 HGDP_BSQ 10.0

HGDP_SD 14.7 HGDP_RU 12.2 HGDP_RU 17.7 HGDP_SD 13.5

Abbreviation: HGDP, Human Genome Diversity Project.

FST values were calculated using POPRES_LPZ_HGDP data set merge, and ordered from lowest

to highest FST for each population isolate. Bold type indicated FST is greater than 0.005.
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marginally elevated level of LD using genotypic data (Figure 4a) that is

enhanced by phased data (Figure 4c). Orcadians appear to have a

similar level of LD to Sardinians (Figures 4b and d).

All four population isolates were unremarkable with regard to their

distribution of inbreeding coefficient F-values (Supplementary Figure

7). Interestingly, the vast majority of populations, including the

putative population isolates, demonstrated negative median F-values.

DISCUSSION

For most measures of isolation that we considered, the Sorbs demon-

strated values the direction of which is indicative of isolation relative

to other non-isolated European populations. At the same time, the

magnitude of these values was small, and thus the Sorbs appear very

modestly isolated in comparison with the French Basque and

Sardinians, who consistently showed substantial signatures of isola-

tion. The Sorbs are much like the Orcadians: for many measures they

are at or toward the extreme of the observed distribution across

European reference populations but they are never clear outliers.

One possible explanation for this effect is that the historical

evidence for the timing of the establishment of the Sorbs (B9th

century AD) suggests a relatively recent origin in contrast to the

potentially much more ancient Sardinian (at least 5000 years32) and

Basque populations (at least 18 000 years33). Topography may also be

relevant in the fact that Sardinians are isolated on an island and

Basque live in a mountainous region. The Sorbs are separated from

their neighbors predominantly because of linguistic and religious

differences, which may be weaker forces for maintaining isolation

than topographical barriers. Indeed, many medieval scholars have

concluded that much of European demographic history between

the Middle Ages and the present has been very fluid and that the

long-term demographic continuity of particular ethnic groups, such as

the Sorbs, is questionable.34 In this context, it is perhaps less surprising

that our sample of Sorb individuals appears only modestly isolated

from other populations in the region.

As previously observed using the Y chromosome,9–12 the data

presented in this study show that the Sorbs have greatest genetic

similarity to western Slavic-speaking populations, despite being sur-

rounded by predominantly Germanic speakers. This result contrasts

the broad-scale pattern in Europe, in which genetic variation is

strongly driven by geographical proximity.19,35 More specifically, the

Sorbs showed greatest affinity to Polish and Czech populations.

Although PCA visually seems to suggest that our Sorb sample is closer

to Poles than Czech, there is no significant difference in pairwise

FST values.

How well the Sorbs’ current genetic similarity to western Slavic

speakers reflects their ethnogenesis is unclear. A major unknown fact

of Sorbian history is the start site of the migration of Slavic Polabians,

with hypotheses ranging from more western origins in Poland through

more eastern origins in Ukraine and Russia. Sorbs may appear similar

to western Slavic speakers because of recent gene flow or recent

population divergence from western Slavic speakers. We explored

fitting formal demographic models representing descent from a

Figure 3 Box plots based on ROH analysis with samples grouped within all populations with nZ10. (a) Total number of homozygous segments within

POPRES/LPZ merge, (b) average length of homozygous segments within POPRES/LPZ merge, (c) total number of homozygous segments within POPRES/

HGDP merge and (d) average length of homozygous segments within POPRES/HGDP merge. Populations ordered from lowest to highest median values.

Sorbs, French Basques, Sardinians and Orcadians indicated by yellow, red, blue and green coloring respectively.
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western vs eastern Slavic population within an Approximate Bayesian

Computation framework, but found that we could not reliably

distinguish the models (controlling for SNP ascertainment bias

seems to have limited power).

For the purposes of genetic epidemiology, our study shows that

Sorbs evidence only modest signs of isolation, and so potential

benefits for mapping would reside in other factors than isolation.

Given their shared culture and geographic proximity, they may have a

relatively consistent environment across individuals, which would

increase power for investigating traits that would otherwise have

large environmental components or genotype–by–environment inter-

actions. In addition, the Sorbs are genetically similar to Slavic-speak-

ing Europeans, who are understudied in genome-wide association

studies relative to western European populations, and thus may

contain rare disease variants that were previously not found.

One caution regarding our results is that the geographical origins of

our reference populations are crudely characterized only by country

and thus may not be random samples. If many of the Germans in

the POPRES data are western German samples, this may inflate the

apparent differences we observe between Germans and Sorbs. The

LPZ Germans contained two individuals from Eastern Germany who

do appear closer to the Sorbs, suggesting that population structure

within countries is a valid concern. Certainly, a tighter and denser

sampling of German, Polish and Czech individuals from regions

surrounding the Sorbian territories would be ideal for confirming

or refuting the results found in this study. Another caveat is that the

modest elevation in LD for any of our population isolates may be

due to a lack of power. Some studies6,7,36 have found elevated LD

in isolates by using much larger sample sizes (eg, 4100 individuals),

whereas to control for uneven sampling our sample size was

effectively reduced to 10 individuals. Nevertheless, other studies also

show only subtle differences between putative isolates and other

populations.37

Our results are particularly interesting in light of recent studies in

which the Basques have showed no or little evidence of differentiation

from neighboring European populations.38,39 The discrepancy

between these and our own study may be a result of different samples

(Laayouni et al39 used Spanish rather than French Basque and much

more well-defined comparative populations). However, the large

difference in the signals of isolation between the two studies suggests

that the 120 Ancestry Informative Markers used by Laayouni et al39

lack sufficient power. Indeed, a recent study,40 with a similar level of

power to our own (60 000 SNPs), demonstrates evidence of Basque

genetic isolation.

We encourage further studies on other population isolates as each

study improves our understanding of patterns of genetic variation at

spatially fine scales and helps untangle how historical relationships

among human groups have structured this variation. For example,

previous studies on Iceland41 and parts of rural Europe42 have also

shown how high-throughput SNP approaches can be used to elucidate

genetic relationships even at very fine geographical scales. Resequencing

data will be especially powerful and revealing given the much smaller

ascertainment biases associated with analyzing sequence variation.
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