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Analysis of FMR1 (CGG),, alleles and DXS$548-FRAXACI
haplotypes in three European circumpolar populations:
traces of genetic relationship with Asia
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Fragile X syndrome, the most common form of inherited mental retardation, is caused by expansion of a
(CGQG),, repeat located in the FMR1 gene. The molecular factors involved in the mutation process from stable
(CGQ),, alleles towards unstable alleles are largely unknown, although family transmission studies and
population studies have suggested that loss of AGG interruptions in the (CGG), repeat is essential. We have
analysed the AGG interspersion pattern of the FMR1 (CGG), repeat and the haplotype distribution of closely
located microsatellite markers DXS548 and FRAXACI, in three circumarctic populations: Norwegians, Nenets
and Saami. The data confirm the conservation, reported in all human populations studied so far, of an AGG
interruption for each 9-10 CGG and support the stabilising effect of AGG interruptions. The data also
indicate the existence of chromosomes of Asian origin in the Saami and Nenets population, thereby
confirming a genetic relationship between Northern Europe and Asia. DXS548-FRAXAC1 haplotype
frequencies were compared between 24 Norwegian fragile X males and 119 normal males. Significant linkage
disequilibrium were found between the fragile X mutation and haplotype 6-4 and between normal (CGG),,

alleles and haplotype 7-3. European Journal of Human Genetics (2001) 9, 724-727.
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Introduction

Fragile X syndrome is the most common form of inherited
mental retardation, with an incidence of 1 in 4-6000
males."? The condition is caused by expansion of an
unstable (CGG), trinucleotide repeat sequence located in
the promoter region of the FMR1 gene (OMIM no.309550).
The (CGG), repeat is found as a stable inherited poly-
morphism in the normal population. Normal repeats ranges
from 5-50 CGQG, in fragile X carriers unstable premutations
of 55-200 CGG are found, with an apparent overlap
between stable/unstable alleles in the 40-60 repeat range.
In fragile X patients a full mutation of >200 CGG leads to
silencing of the FMRI gene.®> The molecular factors
responsible for the transition to a premutation state are
not known. However, transmission studies in fragile X
families* and population studies® have indicated a stabilis-



ing effect of AGG triplets, interspersed for each 9-10 CGG
in the majority of normal (CGG), alleles.

Studies of (CGG), repeat structures in isolated human
populations have added an evolutionary perspective to the
understanding of the molecular factors involved in the
(CGG),, repeat instability. In the populations studied so far,
a high degree of conservation of the AGG interruption
pattern has been observed,®’ thus supporting a stabilising
effect of AGG interruptions. Here we report the internal
FMR1 (CGG), sequence and the distribution of DXS548-
FRAXAC1 microsatellite haplotypes in three populations
inhabiting the circumpolar regions of Europe.

Materials and methods

DNA sample material

Blood samples were collected from the normal population of
Northern Norway and Fragile X patients from all over
Norway. Blood samples were also collected from the Saami
and Nenets® population inhabiting the Kola Peninsula and
Kara and Barents Sea coast. The persons from the Saami and
Nenets populations were all questioned about the nationality
of their grandparents. All tested persons had four Saami or
Nenets grandparents, respectively. So far, no fragile X
patients have been diagnosed in the Saami or Nenets
population.

Genetic analysis

PCR amplification of FMR1 (CGG), repeats was performed
essentially as described® using fluorescent labelled primers.
DXS548 and FRAXAC1 microsatellites were amplified by
multiplex PCR using FAM and TET labelled primers.'® Allele
numbers were determined according to a HEX-labelled
internal allelic ladder. AGG interspersion patterns were
analysed by direct sequencing of the PCR fragments as
described.'?

Results

The number of CGG was determined in 264 Norwegian, 82
Nenets and 66 Saami normal X-chromosomes (Figure 1). The
distribution of Norwegian (CGG), repeats were similar to
distributions reported in Caucasian populations,’! while the
Nenets population had a higher (P<0.05) proportion of
29 CGG alleles compared to the Norwegian and Saami
population and the Saami allele distribution displayed a
broader peak around 30 CGG.

The predominant (CGG), allele in 20/59 Norwegian males
(Figure 2) had an internal sequence of (CGG);0AGG(CG-
G)oAGG(CGG)y, denoted as 10A9A9 in the following. In 21
Nenets males, the most prevalent (CGG), alleles had the
internal sequence of 10A9A9 (9/21) and 9A9A9 (7/21), while
in 12 Saami males eight different (CGG), alleles were found.
Haplotypes for the microsatellites FRAXAC1 and DXS548
were constructed for 119 Norwegian, 25 Nenets and 17 Saami
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Figure 1 Distribution of FMR1 (CGG), alleles. The

corresponding population and the number of alleles (N) are
shown for each distribution.

normal males as well as for 24 Norwegian fragile X males
(Table 1). In the Norwegian normal population 14 different
haplotypes were found, while only four and five different
haplotypes were found in the normal Nenets and Saami
population, respectively. Both in the Norwegian and the
Saami population, haplotype 7-3 was predominant with a
frequency of 68 and 71%, respectively (Table 1).

However, in the Nenets population haplotypes 7-3 and 7-4
each had a frequency of 44%. In the Norwegian population
(Table 1) significant linkage disequilibrium was found
between the fragile X mutation and haplotype 6-4
(;{Zy=17.4, P<0.01) and between normal alleles and haplo-
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Figure 2 AGG interspersion-pattern of FMRT (CGG), alleles
from normal males. The alleles are classified according to the
associated DXS548-FRAXAC1 haplotype (first column). Only one
of each allele-type is shown, and the number of each allele-type
is indicated in the second column. The AGG interspersion
patterns are shown from the 5’ to the 3’ end. White circles
represent CGG triplets, and black circles represent AGG triplets.

type 7-3 (Xzy:12.9, P<0.01), in agreement with previous
studies of Caucasian populations.*!%12

Discussion
In all three populations the most abundant alleles were 29
and 30 CGG in size and had AGG interspersion patterns of
9A9A9 and 10A9A9, respectively, as found in most popula-
tions studied worldwide. Thus, our data agree with the
hypothesis that these alleles represent the ancestral (CGG),
alleles in the human population.®

The most prevalent (CGG), repeat size in the Nenets
population is 29 CGG (Table 1), which is more characteristic
for Asian populations'®'* compared to Caucasian popula-
tions, in which 30 CGG repeats are the most common.'®
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Furthermore, most of the (CGG),y alleles found among the
Nenets population were associated with haplotype 7-4, as in
Asian populations,15 whereas most Caucasian (CGG),g alleles
are associated with haplotype 7-3.°

Asian populations are also characterised by a signifi-
cant shortage of (CGG), alleles of (CGG) ., compared to
Caucasian populations, as well as by the presence of
alleles with the internal sequence of 9A9A6A9.'* Both
the Saami and Nenets population had a lower frequency
of (CGG)_q6 alleles (9 and 13%, respectively) compared
to Caucasian populations (about 20%), although the
difference was not statistically significant. One allele
with the internal sequence of 9A9A6A9 was found
among the Saami population, but no such alleles were
found in the Nenets or Norwegian samples. The
9A9A6A9 allele is found in approximately 20% of
Greenlandic males.'®

The distribution of (CGG), alleles indicates genetic
differences between the Saami and the Nenets population
(Figure 1). The fact that the 29 CGG allele is the most
abundant in Nenets and the presence of the 9A9A6A9
allele in the Saami indicate the presence of chromosomes
of Asian origin in these populations. Our data also
indicate that the degree of Asian admixture may be
larger in the Nenets compared to the Saami. Although the
last observation needs to be confirmed in additional
studies based on a larger data set, our data are in
agreement with a previous analysis of a Y-chomosomal
T/C nucleotide polymorphism, suggesting a gene-flow
from Asia towards Northern Europe, with a declining
gradient.!”

DXS548-FRAXAC1 haplotype 6-4 was the most frequent
among 24 Norwegian fragile X males (Table 1). This is similar
to reports from studies of the Danish,'® Swedish and Finnish
population.'> However, inter-population differences are
indicated by the frequency of haplotype 2-1, which is
quadrupled in Norwegian fragile X males compared to the
normal controls. This is similar to the Danish population,'®
but different from both the Swedish and the Finnish
population,'? where no differences in frequencies were
reported.

In a previous study of the Danish population, 13.6% of the
fragile X alleles were found associated with haplotype 7-3,
and it was suggested that these alleles may have originated
from a pool of unstable normal alleles with the internal
sequence of 10A19.'° No alleles associated with haplotype 7-
3 were found among the fragile X patients in the Norwegian
population, and no 10A19 alleles were found among 59
Norwegian normal males. Thus, the results from the analysis
of DXS548-FRAXACI1 haplotypes and the AGG interspersion
analysis show that the fragile X founder haplotypes may vary
between populations and support that the CGG expansion
associated with fragile X syndrome may originate from sub-
populations of unstable alleles within the normal popula-
tion.*
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Table 1 Frequency of DXS548-FRAXAC1 haplotypes
Nenets Saami Norwegian

DXS$548- Normals Fragile X
FRAXAC1¢ N % N % N % N %
01 2 1.7
11 6 5.0
12 2 1.7
21 1 59 5 4.2 4 16.7
23 3 2.5 2 8.3
2 4 2 8.3
31 0.8
53 0.8
5+4 1 59
61 2 8.3
6 2 1 0.8
63 1 4.0 2 1.7 1 4.2
6 4 2 8.0 2 11.8 8 6.7 12 50.0
6+4
71 1 0.8
72 1.7
73 11 44.0 12 70.6 81 68.1
7 4 11 44.0 1 59 4 3.4
83 1 4.2

25 100.0 17 100.0 119 100.0 24 100.0

Alleles are differing with 2 bp in size. Alleles marked with ‘+’ are 1 bp smaller than the corresponding number (e.g. DXS548 allele 6+ are 1 bp
smaller in size than allele 6).
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