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SUMMARY

Microsatellites can be highly unstable and show a high level of poly-
morphism between individuals. Here we present the analysis of the CAG
trinucleotide repeat polymorphism at the SBMA locus in 57 phenotypically
normal individuals rigorously assigned to the Spanish Basque population.
Results are compared with 100 Spanish non-Basque individuals who were
already analyzed by us (175 alleles). This is the first study undertaken in
these populations for this marker. In addition, we compared our results with
those published for other populations. Relative allele frequencies showed
differences between the samples and no unimodal distribution. The expected
heterozygosity in the Basque sample was slightly lower than in the non-
Basque sample. Conformity with Hardy-Weinberg equilibrium was verified
by three tests. When compared with published data, the predominant alleles
appear to be the same in the various populations. There are more differences
between Basques and other Caucasoid samples than between non-Basques
and Caucasoid samples. Population relationships were also examined by
dendrograms based on genetic distances. The results obtained showed some
peculiarities in the Basque population. The high degree of similarity with
other dendrograms based on different markers and the efficiency of this
STR marker in differentiating closely related populations, support the poten-
tial usefulness of microsatellites as tools for human population studies.
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INTRODUCTION

One of the salient features of the mammal genome, in general, and of
the human genome, in particular, is the vast excess of DNA sequences with-
out a particular function. In this DNA group we can include the microsatel-
lites or simple tandem repeated sequences, which include triplet and dinu-
cleotide repeats. Microsatellites can be highly unstable and show high level
of polymorphism. This is the reason why they are being used in the study of
human genetic diversity and relationships [Edwards et al/ 1992; Bowcock et
al 1994; Deka et al 1995; Watkins et al 1995].

The trinucleotide sequences are particularly interesting because unstable
trinucleotide repeats, referred to as dynamic mutations [Richards and
Sutherland 1992], have been found implicated in the pathology of some
human diseases [Kremer er al 1991; Verkerk er al 1991; Biancalana et al
1992; Knight ef al 1993; Orr et al 1993; Kawaguchi et al 1994; Koide et al
1994; Nagafuchi et al 1994; Lerer et al 1996]. Among these, spinal and
bulbar muscular atrophy (SBMA), also known as Kennedy disease [Kennedy
et al 1968], is an X-linked recessive disorder of the motor neurones.

The SBMA locus is located at the Xq12 chromosome [Fishbeck ef a/
1986; Ferlini ef al 1991]. The results of some studies have proposed the AR
gene (androgen receptor) as a candidate gene for SBMA [Sar and Stumpf
1977; La Spada et al 1991].

The androgen receptor gene contains a highly polymorphic CAG trinu-
cleotide repeat in the 5’ coding region. Expansion of the CAG repeat was
found to be associated with the SBMA phenotype. The number of repeats in
affected people ranges from 40 to 52 while in normal individuals the range
is from 12 to 30. As the repeat number is also polymorphic in normal indi-
viduals, SBMA may be useful for interpopulation studies.

The Basque Country is located at the western end of the Pyrenees and
comprises three provinces in France and four in Spain. The origin of the
Basques is not exactly known. According to Collignon [1894], the Basques
constitute the only present-day survivors of an ancient population of pre-
historic Western Europe. According to Aranzadi [1905], the Basques represent
only a local variant population among other populations in Southwestern
Europe. More recent studies still maintain the controversy about their origin
[Bertranpetit and Cavalli-Sforza 1991; Cavalli-Sforza and Piazza 1993;
Bertorelle er al 1995].

The Basques speak an ancient language, “Euskara”, with very distinct
differences from what the surrounding populations speak. They are also
culturally different from other European populations. Many studies on
different traits showed Basque peculiarities when compared to other Euro-
pean populations [Piazza er a/ 1988; Bertranpetit and Cavalli-Sforza 1991;
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Barbujani and Pilastro 1993; Cavalli-Sforza and Piazza 1993]. In our previ-
ous research we found some peculiarities and also some differences between
the Basques and other Spanish populations [Arrieta ef al 1987a,b,c; Arrieta
et al 1990a,b; Arrieta et al 1991, 1992, 1995, 1996; Arrieta and Lostao
1988].

Here we present the analysis of the polymorphic CAG trinucleotide
repeat at the SBMA locus in phenotypically normal and carefully selected
individuals from the Spanish Basque population. The results are compared
with those of a Spanish non-Basque sample previously analyzed by us. To
our knowledge, this was the first study carried out in these populations. The
objective is to find out if this polymorphism is also useful in differentiating
individuals of Spanish Basque and non-Basque origin.

In addition, we compared our results with those published for other
populations [Edwards et al 1992; Watkins ez al 1995] obtaining a good
demonstration of the usefulness of highly polymorphic microsatellites in
unravelling the ancient history of mankind.

MATERIALS AND METHODS

We have typed the (CAG), STR located near the SBMA locus in a
sample of 57 unrelated apparently healthy autochthonous Spanish Basque
females (114 alleles) and in a sample of 100 unrelated apparently healthy
individuals (75 females and 25 males = 175 alleles) with Spanish non-
Basque ancestry. Each individual ethnic allocation was based both on their
surnames and on the paternal and maternal grandparents’ birthplace. (In
Spain, both the father’s and the mother’s surnames are used in sequential
order; it is therefore easy to ascertain the four grandparents’ or the eight
great-grandparents’ surnames).

Apart from the proven utility of surnames in sample selection [Wijsman
et al 1984; Piazza et al 1987; Guglielmino and Silvestri 1995], in Basques
they are a good criterion because of their marked difference from those of
other Spanish regions.

The Basque sample was obtained by selecting individuals exclusively
from rural areas of the Basque country and who had all eight surnames (the
two surnames of their four grandparents) of Basque origin. The non-Basque
sample was made up by individuals from the Valencia area (eastern Spain)
and other parts of Spain with Spanish non-Basque surnames.

Genotype determinations - Analysis of Human Androgen Receptor
(HUMARA) (CAG), polymorphism was performed basically as described
by Fu er al [1991] with minor modifications: amplified fragments were
analyzed in native polyacrilamide gels that were then silver stained. A ladder
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was previously obtained by mixing those PCR products which encompassed
the whole variation in size observed in a first round of 32 samples (17 to 31
repeats). This ladder was then sized with different DNA size markers under
variable conditions, including digestion of PCR products that yield much
smaller sizes, and the number of repeats was deduced from the gene
sequence [Tilley et al 1989].

Statistical analysis - Allele frequencies were estimated by gene counting.
Expected heterozygosities (H) and standard errors (SE) for allele frequencies
and H were estimated as described elsewhere [Edwards et a/ 1992]. Inter-
sample comparisons of allele frequencies and of heterozygosity were carried
out by means of Mann-Withney and chi-square tests [Zar 1984].

Following Chakraborty and Weiss [1991], Deka er al [1991, 1992,
1995] and Edwards et al [1992], three tests to detect deviation from Hardy-
Weinberg equilibrium were used: a) a test based on the observed and expect-
ed number of heterozygotes, b) a test based on the total number of observed
distinct homozygous and heterozygous genotypes and c) a likelihood-ratio
test (G statistics) of observed and expected frequencies of every genotype.

Genetic distances between pairs of populations were estimated by
using Prevosti’s distance and the complement of common gene frequen-
cies D = 1-,P/100 where P is the sum of minimum shared frequencies (in
percentage) for every allele when comparing the two populations [Sdnchez-
Mazas and Langaney 1988]. We used these methods because of their sim-
plicity and because the former is based on the analysis of differences, mean-
while the latter is based on the analysis of similarities. Furthermore, the sum
of minimum shared frequencies among several populations (nP values) can
easily be obtained and considered as the percentage of what the populations
clustered at a given level still have in common.

The dendrogram was constructed on the basis of the genetic distances
calculated as described above. Unrooted neighbour-joining trees were used
[Saitou and Nei 1987].

RESULTS

Descriptive analysis and comparison with the Spanish non-Basque
sample - The relative allele frequency distribution of polymorphism
HUMARA (CAGQG), in Spanish Basques and non-Basques appears not to be
unimodal (Fig. 1 and Table I).

The spectrum of allelic variations is broader in non-Basques. The number
of alleles observed in the Basque and in the non-Basque populations is 12
and 16, respectively. The most common allele coincides in the two popula-
tions and this allele is over-represented in Basques (28.07% of the total
allele frequency).
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Fig. 1 - Allele frequency distribution for CAG trinucleotide repeat at the SBMA locus in Spanish Basque
and non-Basque population.

Table I - Allele frequencies (%) at SBMA locus in Spanish Basque and non-Basque populations.

Allele Basque non-Basque
14 0.88

15 0.57

17 1.71

18 3.51 4.00
19 14.04 9.71
20 6.14 12.57
21 28.07 17.14
22 12.28 10.86
23 7.02 12.00
24 10.53 13.14
25 12.28 9.71
26 1.75 4.00
27 1.75 1.14
28 1.75

29 0.57

30 1.14

31 0.57

32 1.14
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About 4% of the alleles in the non-Basque sample consisted of more
than 28 CAG repeats. However, no allele above 28 CAG repeats was found
in the Basque sample, although individuals were in the normal range of
repeats.

The mean number and standard error of CAG repeats for Spanish
Basque and non-Basque samples were 21.88 + 0.23 and 21.70 + 0.17,
respectively. This difference was not significant (Z = 0.96, p > 0.05).

The expected heterozygosity in the Spanish Basque sample (0.847 *
0.047) was very similar to that of the non-Basque sample (0.884 + 0.036).

The results of the three tests, designed to detect a possible deviation
from Hardy-Weinberg equilibrium, are the following: the first test, based on
the observed and expected number of heterozygotes, did not detect het-
erozygote deficiencies (p > 0.05); the second test based on the total number
of distinct homozygous and heterozygous genotypes observed, did not show
a significant deviation from the expected values (p > 0.05); the third test
[Edwards et al 1992] compared the observed genotype frequencies with the
expected number by the expansion of the multinomial (Epi= 1). The likeli-
hood-ratio test statistic result (=2 Ln L,/L,) is 84.38 (p > 0.05) where L, is
the likelihood under Hardy-Weinberg equilibrium and L1 is the likelihood
under general multinomial genotypic population conditions.

Comparison with other populations - We used published data from
different ethnic groups: Afro-Americans (AFR), Caucasoids (CAUI,
CAU2), Mexican-Americans (MEX), and Asians (ASI). AFR, CAU1, MEX
and ASI were taken from Edwards ez a/ [1992], and CAU2 from Watkins et
al [1995]. CAU2 was analyzed separately from CAUI1 as a test of sampling
effect, since it is smaller in size (+ 100 chromosomes) than the Spanish
Basque (BAS) or Spanish non-Basque (SPA) samples.

Compared with the published data mentioned above, it appears that
only in the Basque sample no allele above 28 CAG repeats was found. The
frequencies of some specific alleles are clearly variable across the popula-
tion groups (for example, alleles 17 and 18). Predominant alleles do not
coincide between populations.

Basques were significantly different from other Caucasoid samples for
allele frequencies (x> = 16.42; p = 0.05, d.f. 9). However, Spanish non-
- Basque frequencies were not significantly different from the samples men-
tioned above (X2 = 3.70; p = 0.93, d.f. 9). In relation to the other compar-
isons BAS is also more differentiated than SPA except for the AFR; in this
case, both comparisons obtained the same probability (p = 107).

As a measure of variation between populations we also compared
heterozygosity values: their range is from 0.83 in CAU1 to 0.91 in AFR.
The lowest values of heterozygosity appear in CAU1, BAS and SPA,
following this order.
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Table II - Matrix of genetic distances between the samples examined.

Population =~ BAS SPA CAU1 CAU2 AFR MEX ASI
BAS 0.213 0.212 0.223 0.381 0.305 0.297
SPA 0.212 0.133 0.155 0.403 0.235 0.223
CAUI 0.215 0.134 0.088 0.377 0.254 0.288
CAU2 0.222 0.155 0.093 0.342 0.256 0.299
AFR 0.376 0.399 0.377 0.347 0.374 0.391
MEX 0.305 0.235 0.255 0.262 0.375 0.178
ASI 0.295 0.222 0.288 0.303 0.390 0.177

Values above the diagonal were calculated from the shared gene frequencies; values below the diagonal
were calculated by Prevosti’s distance.

Population relationships were also examined using genetic distances.
The matrix of genetic distances between groups is shown in Table II. The
values above the diagonal were calculated from the shared gene frequencies
while the values below it were calculated by Prevosti’s distance. It is note-
worthy that in relation to all Caucasoid samples, CAU2 and CAU1 show the
smallest genetic distance. BAS showed the greatest distances from the
CAU1, CAU2 and SPA while the distances between SPA, CAU1 and CAU2
were similar.

Genetic relationships are shown more explicitly in the average linkage
dendrogram (Fig. 2). The distance used is (1..2/100) and the intergroup nPs
are indicated at the nodes. Both angles and branch lengths are plotted pro-
portionally to the mean nP common to all populations clustered at a node.

BAS SPA - cauz

Fig. 2 - Average linkage dendrogram for samples. The distance is (1-,2/100) and intergroup nP, are indi-
cated at the nodes. Both angles and branch lengths are plotted proportional to the mean nP, commmon to
all populations clustered at a node.
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Note the intermediate position of SPA between BAS and CAUI and
CAU?2. The tree clearly identifies three groups. The population of Black
African origin is distinctly separated from the rest, followed by the separa-
tion of Caucasoids (mainly of European origin) from Amerindians and
Asiatics. Amerindians seem to be more closely related to Asiatics than to
Caucasoids.

DISCUSSION

The analysis of the polymorphic CAG trinucleotide repeat at SBMA
locus shows that, in relation to the allele size, the range of variation is more
similar between the Spanish non-Basque sample and the Caucasoid samples
previously analyzed [Edwards er al 1992; Watkins er al 1995] than between
the Spanish non-Basque and Spanish-Basque samples.

Among all the populations used in the comparison, only in the Basque
sample no allele above 28 CAG repeats was found, suggesting that its in-
cidence in the Basque population could be lower than in other Caucaoid
populations.

The BAS, SPA and CAU1 show the lowest heterozygosity values,
possibly reflecting a lower level of genetic diversity in these populations.

The test to detect deviation from Hardy-Weinberg equilibrium at
SBMA locus in AFR, CAU1, ASI and MEX [Edwards ef al 1992] showed a
deviation in the Black population. In this study, we followed the procedure
of the authors mentioned above to see how this locus behaves in BAS. Our
results are similar to those obtained for the CAUI, therefore, allele frequen-
cies derived from the Spanish Basque population provide reasonable estima-
tion of genotype frequencies as well.

It is difficult to interpret these differences. According to Bertorelle ez al
[1995], among other factors, allele frequency differences between groups
depend on the history of the populations. Probably, the differences found
reflect the evolutionary history of the alleles in the different groups. The CAG
trinucleotide repeat is located within the coding region of exon 1 of the an-
drogen receptor; therefore it is not difficult to imagine a biological basis of
selection for or against specific allele sizes. Although this locus is very vari-
able, there are size constraints that can be tolerated by the functional protein.

A large fraction of the allele frequency gradients currently observed in
Europe are interpreted as a consequence of the spread of alleles of Near
Eastern origin, probably as a consequence of Neolithic demic diffusion.
According to Cavalli-Sforza [1988], Basques have only marginally been
affected by the demic expansion that propagated in European farming
culture [Menozzi et al 1978; Ammerman and Cavalli-Sforza 1984; Sokal et
al 1991], and possibly languages [Renfrew 1987; Starostin 1990; Barbujani
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and Pilastro 1993], of Near Eastern origin.According to Cavalli-Sforza and
Piazza [1993], “Basques are probably the most direct descendants of the
earliest post-Neanderthal settlers of Europe. Conservation of a distinct
language must have been an important factor in maintaining social and
genetic identity. It is very likely that the genetic uniqueness of Basques is a
product of the remarkable isolation of western from eastern Europe at the
time of last glaciation, which peaked around 18,000 years ago, and there
may have been very limited genetic and cultural exchanges between the two
halves of Europe during the early Paleolithic”.

Our results support this point of view. In fact, the divergence of
Basques from the Caucasoid branch seems to be an earlier event than the
divergence of Amerindians from Asiatics (>14,000 years ago).

The dendrogram obtained results quite similar to that obtained from
another study in highly informative immunological polymorphism
[Sanchez-Mazas and Langaney 1988]. It is also interesting to point out that
the three major groups (African, Caucasoid and Oriental) seem to diverge
quite concomitantly, in good agreement with other trees based on nuclear
genetic systems (classical markers, restriction fragment length polymor-
phism and microsatellite) [Cavalli-Sforza er al 1988; Bowcock et al 1991,
1994], in contrast with those based on mitochondrial DNA, which usually
show long African branches [Cann e al 1987; Vigilant ez al 1991].

On the other hand, previous studies that we carried out in the Basque
population have shown differences between this population and other popu-
lations at the level of visible characteristics (dermatoglyphics) [Arrieta et al
1987a,b; Arrieta 1990a; Arrieta 1995; Arrieta and Lostao 1988] and at a
cytogenetic level [Arrieta 1996]. This study points out that peculiarities in
the Basque population are also present at a molecular level.

The high degree of similarity to other trees and its power to differenti-
ate closely related populations show that microsatellites, and especially
those which are more polymorphic, can be useful tools in the establishment
of the history of the human species and in its spreading pattern throughout
the world.
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