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Confirmation of a founder effect in a Northern
European population of a new β-globin variant:
HBB:c.23_26dup (codons 8/9 (+AGAA))

Nina Marchi1,2,3, Serge Pissard4,5, Manuel Cliquennois6, Christian Vasseur4, Nathalie Le Metayer4,
Claude Mereau7, Jean Pierre Jouet8, Anne-France Georgel6, Emmanuelle Genin1,9 and Christian Rose6

β-Thalassemia is a genetic disease caused by a defect in the production of the β-like globin chain. More than 200 known

different variants can lead to the disease and are mainly found in populations that have been exposed to malaria parasites.

We recently described a duplication of four nucleotides in the first exon of β-globin gene in several families of patients living in

Nord-Pas-de-Calais (France). Using the genotypes at 12 microsatellite markers surrounding the β-globin gene of four unrelated

variant carriers plus an additional one recently discovered, we found that they shared a common haplotype indicating a founder

effect that was estimated to have taken place 225 years ago (nine generations). In order to determine whether this variant arose

in this region of Northern Europe or was introduced by migrants from regions of the world where thalassemia is endemic, we

genotyped the first 4 unrelated variant carriers and 32 controls from Nord-Pas-de-Calais for 97 European ancestry informative

markers (EAIMs). Using these EAIMs and comparing with population reference panels, we demonstrated that the variant

carriers were very similar to the controls and were closer to North European populations than to South European or Middle-East

populations. Rare β-thalassemia variants have already been described in patients sampled in non-endemic regions, but it is the

first proof of a founder effect in Northern Europe.
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INTRODUCTION

Thalassemia is one of the most common genetic diseases worldwide
(60 000 new-borns every year). It results from a defect in the
production of either the alpha (α-thalassemia) or the beta
(β-thalassemia) globin chains forming the tetramer of hemoglobin
A1 (Alpha 2, Beta 2). β-Thalassemia is a heterogeneous group of
autosomal recessive disorders characterized by the reduced (β+) or
absent (β0) production of the β-globin chain.1 More than 200 variants
have been described and classified in HbVar database (http://globin.
bx.psu.edu/hbvar).2

Sixty years ago, JBS Haldane first suggested that the uneven global
distribution of β-globin disorders might be explained by malaria.3–6

He hypothesized that β-globin variants could have been naturally
selected, providing some kind of protection against malaria: the red
blood cells of variant carriers could be more resistant to attacks by the
sporozoa causing malaria. For discussion and review of this hypoth-
esis, see Taylor et al,3 Fowkes et al5 and Weatherall.6

Indeed, β-thalassemia variants occurred in a wide range of ethnic
groups, and they are prevalent in some human populations that have
historically been exposed to malaria parasite, mainly Plasmodium
falciparum.3 There are several reports of β-thalassemia mutations in
patients from Northern Europe with no known ancestry in regions
where thalassemia is endemic,7–9 but so far it cannot be ruled out that

these mutations might have been introduced by recent migrations
from regions where β-thalassemia mutations are frequent.
In 2010, we found a new variant in the β-globin gene (duplication

of four nucleotides from the codons 8/9 (+AGAA) of the first exon
(HGVS nomenclature: NM_000518.4(HBB):c.23_26dup, NP_000509
(HBB).1: p.(Ser10Glufs*15))). This variant is registered into HbVar
database (http://globin.bx.psu.edu/hbvar/menu.html) with ID 2928.
The variant was observed in eight unrelated families (a total of 20

carriers).10 Curiously, none of them had known ancestors from any
area where β-thalassemia is endemic. The aim of this work was first to
evidence a founder effect for this variant and estimate the age of the
most recent common ancestor and second to infer by genetic analyses
the native location (Northern Europe) of this new β-globin variant.

METHODS

Material
β-Thalassemia carriers. Five unrelated variant carriers were included in the
study of the founder effect, and four of them were genotyped for ancestry
informative markers to infer their geographic origin. All subjects gave informed
consent for genetic analysis of β-globin gene during routine hematology
consultation for biological abnormalities (non-explained microcytosis).

Control population from Northern Europe. A total of 32 individuals were
enrolled in this study to serve as controls. They were volunteers recruited
within the University or Hospital whose all four grandparents were born in
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Nord-Pas-de-Calais (a region in France with four million people and located in
the Northern Europe plain). Consent to a blood sample for genetic studies and
with no direct benefit was signed by each of them after they received an
information letter. An agreement to store DNA was obtained from the French
agency of health products (AFSAPSS registered number 2010-A00653-36) and
an agreement from the ethical committee of Lille ‘Comité consultatif de
protection des personnes’ for the study was obtained in November 2010.

This control population was referred to as the ‘Chtimi’ sample where
‘Chtimi’ means ‘people living in Nord-Pas-de-Calais’ in a French dialect.

Genetic data. The geographic origin of the Chtimi sample and of four of the
five variant carriers was determined by using a panel of 97 SNPs selected for
being informative of North West–South East ancestry in Europe11

Supplementary Data S1. SNP data of this study could be made available on
request to authors.

Two worldwide reference control panels were used to determine the
geographic origin:

� HapMap3 with 1151 individuals from 11 groups,12 Supplementary Data S2A
� HGDP with 1056 individuals from 52 groups,13 Supplementary Data S2B

To estimate the age of the variant, 12 microsatellites (D11S902, D11S905,
D11S914, D11S915, D11S935, D11S1338, D11S4046, D11S4102, D11S4116,
D11S4146, D11S4149, D11S4181), located on chromosome 11 around the
β-globin gene cluster were genotyped in the 5 variant carriers and in 32 controls
to obtain allele frequency estimates Supplementary Data S3A–C. All these STRs
are registered and fully described in the UniSTS database: ‘http://www.ncbi.
nlm.nih.gov/unists’. A database containing all genetic data: microsatellites and
SNPs for mutation carriers and controls from the Chtimi sample, has been
deposited at the European Genome-phenome Archive (EGA, http://www.ebi.ac.
uk/ega/), which is hosted by the EBI, under accession number
EGAS00001000980.

Methods
Genotyping. DNA was extracted from blood using a DNA extraction kit and
according to the manufacturer’s instructions (FlexiGene, QIAGEN (Venlo,
Netherland), ref. 51206). The genotyping of the 97 European Ancestry
Informative SNPs was done at the Département de génétique, CHU Hôpital
H. Mondor_A. Chenevier, using allele-specific PCR assays (KASPar,
KBioscience, Hoddesdon, UK) run in a real-time PCR device (Light Cycler
480 Instrument, Roche, Mannheim, Germany). The sizing of the 12 micro-
satellites was performed using the fluorescent PCR assays run in a Sanger
sequencing device (Applied Biosystems 3130xL Genetic Analyzer, Life Tech-
nologies, New York, NY, USA).

Estimation of the age of the variant. The age of the variant was estimated by
using the likelihood-based method implemented in ESTIAGE14 on the
microsatellite data of the five variant carriers after reconstructing variant carrier
haplotypes by a parsimony method. This parsimony method consists of
selecting among the different possible haplotype reconstructions the one that
maximizes the length of the haplotype shared by all variant carriers. Briefly,
starting from the location of the variant, each side was considered indepen-
dently. For example, on the right side of the variant, we started from the first
marker and we determined the most frequent allele seen in the genotypes of the
variant carriers at this marker. This allele would be called R1. Then, we
restricted the sample to the individuals carrying this allele R1 at the first marker
and looked at the second marker on the right side and determined the most
frequent allele, R2. We then considered that the founder haplotype was Mut-R1-
R2. We proceeded in the same way to determine the common haplotype and
the possible phase at each marker in each individual up to the first marker
where the individual carries alleles that were not shared with other affected
individuals. We considered the location of this marker as the position where
either a recombination has occurred (in which case it was informative) or a
variant has occurred (in which case, it was not informative and we considered it
as censored data). The probability of these two events, recombination or
variant, depends on the alleles carried by the individual at the discordant

marker. Indeed, a stepwise variant model was assumed (with a variant rate per
marker per generation of μ), and variants were given a higher probability if the
individual carried an allele that was close to the ancestral allele in terms of
numbers of repeats. Previous unpublished studies (for more details, you can
contact E. Génin, emmanuelle.genin@inserm.fr) found that this reconstruction
method provides more reliable age estimates than the one that considers all
possible haplotype reconstructions that tended to provide underestimates of
allele ages.

Ancestry determination. To test the genetic homogeneity between the Chtimi
sample and the variant carriers, Principal Component Analysis (PCA) was
performed using SmartPCA15 on the genotypes of 4 patients and 32 controls.
The first two principal components were plotted, and carriers and controls were
then visually compared. We tested by Mann–Whitney’s tests if differences
between cases and controls were observed, regarding the first two principal
components.

Then, to determine the geographic origin of variant carriers and controls
from the Chtimi sample, they were compared with worldwide reference panels
using different methods.

First, PCA was performed using SmartPCA15 on the genotypes of carriers
and controls from the Chtimi sample and on the genotypes of the controls
from the reference panels at the ancestry-informative SNPs. The first two
principal components (PC1 and PC2) were plotted, and individuals from our
study were visually compared with individuals from the reference panel. In
order to compare the genetic distances between our samples and samples from
particular geographic regions within the reference panels, we derived the
average Euclidian distances for PC1 from each of our samples to individuals
from the regions of interest. Mann–Whitney’s tests were used to compare these
average distances.

Second, the probability for an individual originating in the different
populations represented in the reference control panels was estimated from
SNPs’ genotype data using the Bayesian method implemented in
ADMIXTURE.16

Simulations to assess the power to evidence ancestry differences using the ancestry-
informative SNP panel. Some simulations were performed to determine
whether the tests used to compare the four variant carriers against the 32
controls could have been powerful at evidencing a difference if the variant
carriers had been sampled in populations from different ancestries. Four
individuals were randomly sampled in the different HGDP reference popula-
tions from Europe and the Middle-East and compared with the 32 controls. For
each reference population, a total of 1000 random draws of four individuals
were performed, and the values of the PC1 (respectively, PC2) obtained by the
PCA performed on the genotypes at the 45 AIMs that were genotyped on the
HGDP populations were compared against the values obtained for the 32
controls using a Mann–Whitney’s test with bilateral option. A unilateral Mann–
Whitney test was also performed for PC1. The power to reject the null
hypothesis that the two samples were similar was then evaluated as the
proportion of these draws where the P-value of the Mann–Whitney test was
o0.01 Supplementary Data S4.

RESULTS

Estimation of the age of the founder effect of the variant
We were first interested in determining whether this variant could
have been introduced in the population by a single ancestor and could
thus exhibit a founder effect. If this was the case, we would expect
carriers of the variant to share a common haplotype, the length of
which would depend on the number of generations elapsed between
this ancestor and the variant carriers we sampled. The more the
generations, the smaller the expected length of the shared haplotype.
Haplotypes of the five patients were reconstructed by parsimony for
the 12 microsatellites, and the ancestral haplotype was defined
(Table 1).
The time of introduction of this variant into this population was

estimated at 9 generations, with a 95% confidence interval ranging
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from 4 to 22 generations. Taking 25 years for a generation, the studied
variant would have been introduced in the population 225 years ago,
with a confidence interval ranging from 100 to 550 years. This result
was obtained assuming a stepwise mutation model at each marker
with a mutation rate per marker per generation of 10− 4. Increasing
the mutation rate to 10− 3 or decreasing it to 10− 6 does not change the
result.

Genetic homogeneity between the Chtimi sample and the variant
carriers
The single ancestor origin of the variant being established, we were
interested in determining the geographic origin of this ancestor. The
first point was to confirm that the patients and Chtimi controls
formed together a genetically homogeneous group regarding the 97
SNPs they were genotyped for. We found that the cases did not differ
from the controls on the first two PCs of the PCA (Figure 1). The
Mann–Whitney’s test comparing the top two PC values in cases and
controls gave P-values of, respectively, 0.75 and 0.39 for the first and
second PC.

Northern European native character of the variant
Ancestry study for the Chtimi sample and variant carriers at worldwide
level. The Chtimi sample and variant carriers were compared with
the different populations of the HapMap3 panel based on the
genotypes for the 54 SNPs that were available in both panels
Supplementary Data S1. The PCA plot (Figure 2a) showed that the
Chtimi sample and variant carriers clustered with the Europeans, and
this was confirmed by the ancestry estimation using ADMIXTURE as
the Chtimi sample and variant carriers have mainly only a European
origin (Figure 2b). Two of the four variant carriers have an estimated
posterior probability of European origin of 100%. The remaining two
have low posterior probabilities of non-European ancestry, but these
levels are not higher than the ones estimated for the Chtimi controls
who are known to have their grandparents born in the Nord-
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Pas-de-Calais region. It could indicate either that the two patients are
admixed and have some of parts of their genome of Asian ancestry or
it could be due to uncertainties in the measures of posterior
probability. The second explanation is more likely than the first one
as we have run ADMIXTURE on a limited number of markers. If
more markers spanning the whole genome were available, the
estimates might have been more precise, and interestingly, it might
have been possible to determine whether the studied variant falls in
the inferred European or non-European part of the genome of these
patients. However, given the fact that a founder effect was evidenced
for the variant, with all the carriers having inherited the variant from a
common ancestor, it is difficult to envisage a scenario where the

variant could be in the non-European part of the genome of two out
the four variant carriers.
A similar comparison was done with the HGDP Panel as this panel

included more diverse populations than the HapMap3 panel. Geno-
types were available in the HGDP panel for a total of 45 of the
ancestry-informative SNP panel. The PCA plot Supplementary Data
S5A was also consistent with an European ancestry of the four variant
carriers, and the Bayesian analysis Supplementary Data S5B provided
posterior probability estimates of European ancestry of 100% for two
of them and 480% for the remaining two. Interestingly, the patients
with some levels on non-European ancestry were not the same
patients as the ones who showed some levels of non-European
ancestry in the Bayesian analysis using HapMap3 reference panel.
These discrepancies were probably due to uncertainties in the poster-
ior probability estimates rather than indications of admixture.
These different analyses at worldwide level were consistent with the

hypothesis that the variant carriers have a European origin and that
the variant appeared in Europe and not in Africa or Asia where several
variants involved in thalassemia are frequent.

Ancestry study for the Chtimi sample and variant carriers at the
European continental scale. To gain further insights into the origin
of the variant and particularly to determine whether it most likely
originated in the North or South of Europe, we performed some
additional analyses with the reference panels restricted to their
European or Middle-East populations. In the HGDP panel, we selected
populations from the Middle-East and Europe in order to estimate the
part of Mediterranean origin in the Chtimi sample and variant carriers
and to put the Chtimi sample and variant carriers on a North/South
gradient. In this panel, the same 45 ancestry informative markers as
the ones used in the worldwide analysis were available. We performed
a PCA (Figure 3a), and it appeared that the Chtimi sample and variant
carriers were closer to the European populations than to the Middle-
Eastern ones (P-value of Mann–Whitney’s test= 5.70× 10− 12 for PC1
distances). A distance on PC1 was computed between each variant
carrier and each control from HGDP populations or from Chtimi
sample (Figure 3b); these distances were smaller when considering the
European and Chtimi samples than when considering Middle-Eastern
populations, indicating a more likely European than Middle-Eastern
origin of variant carriers. To infer a more precise European origin, we
considered two populations from HapMap3 panel: CEU from North-
ern Europe and TSI from Tuscan, Southern Europe, and their
genotypes at 62 of the ancestry-informative SNPs. We also realized a
PCA: the PC1 only explained 3.84% of the variance but the Chtimi
sample and variant carriers clustered with CEU individuals in a
distinct group from TSI individuals. Indeed, for PC1 distances, Chtimi
controls and variant carriers were closer to the HapMap3 CEU than to
the HapMap3 TSI (P-value of Mann–Whitney’s test= 1.15× 10− 5),
indicating a more likely Northern than Southern origin in Europe,
which was confirmed on the HGDP panel restricted to European
population. Indeed, when classifying the European populations from
HGDP into three groups: North (represented by the Orcadian
population), Central (French Basque, French, North Italian and
Tuscan populations) and South Europe (Sardinian population), we
found that the Chtimi sample clustered with Northern and Central
Europeans and the cases mainly with the Northern Europeans
Supplementary Data S6. These different results argued in favor of
the hypothesis that the studied variant was native to Northern Europe
and was not introduced by recent migrations from other regions of
the world.
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carriers using ADMIXTURE with three possible ancestry clusters: Africa, Asia,
and Europe. Each column represents one individual.
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Figure 3 Determination of the geographic origin of the Chtimi sample and variant carriers based on 45 of the ancestry informative SNPs available in the
HGDP Panel. Only European and Middle-Eastern populations from HGDP Panel are considered. (a) The top two Principal Components (PC1 and PC2) of the
PCA represent 7.57 and 3.71% of the genetic variance. Each plot represents one individual: case, or control from Chtimi sample or from the HGDP
European and Middle-Eastern populations. (b) PC1 distances calculated between each variant carrier and each control from HGDP European and Middle-
Eastern populations or Chtimi sample.
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Simulations to assess the power to evidence ancestry differences
using the ancestry-informative SNP panel
As described in the Methods section, some simulations were
performed to determine whether the tests used to compare the 4
variant carriers against the 32 controls could have been powerful at
evidencing a difference in the PCs values if the variant carriers had
been sampled in populations from different ancestries. Based on
Figure 3a, it seemed that variant carriers and Chtimi sample were on
the extremity of the North–South PC1 axis, so we also performed
for PC1 a Mann–Whitney’s test against an unilateral null hypothesis
testing whether the 4 sampled individuals have a lower PC1 value
than the 32 Chtimi controls. Based on the PC1 values, the power
(unilateral and bilateral) was 100% to discriminate between the 32
controls and 4 individuals from any of the Middle-East populations
Supplementary Data S4. Power was more reduced when considering
populations within Europe but clearly decreases from South to
North. PC2, however, was not informative on the North–South
ancestry. These simulation results showed that we could be
confident that the four variant carriers were not recent migrants
from Middle-East populations. We could not reject the possibility
that they had a South European origin as the power to reject a
Sardinian origin is only 53.2%. However, they show genetically
closer relationships to the populations from Northern Europe and
the Chtimi controls than to the Southern European populations
(Figure 3a and b).

DISCUSSION

In this study, we were interested in studying the origin of the
duplication of four nucleotides in the first exon of β-globin gene
that was previously described in several families of patients
originating from Nord-Pas-de-Calais (France). Using several micro-
satellite markers surrounding the β-globin gene, we were able to
show that all the five studied variant carriers shared a common
haplotype. This is the signature of a founder effect and a piece of
evidence that all the variant carriers have inherited the variant from
a common ancestor who introduced it in the population about 225
years ago.
In order to determine whether the common ancestor could have

been a recent migrant from a region where thalassemia is endemic,
we used a panel of 97 European Ancestry Informative markers
(EURO-AIMS) described by Price et al11 to compare the origins of
the variant carriers with those of controls whose four grandparents
were born in the Nord-Pas-de-Calais region in the North of France
and with publicly available data on controls of known origin from
two worldwide reference control panels. We found that the
genotypes at these EURO-AIMs of the variant carriers were
genetically closer to individuals from Northern Europe than to
individuals from Southern Europe or the Middle-East (Figure 3b)
and that they were not different from the 32 controls whose
grandparents were born in Nord-Pas-de-Calais. Although there
have been several reports of variants of the
β-globin genes found in patients living in the North of Europe
and with no known ancestry in regions where thalassemia is
endemic,7–9 this is the first time a genetic study using ancestry-
informative markers has been conducted to confirm the origin of
patients.
To more finely trace the origin of the variants within Europe, it

would be interesting to compare the patients with other reference
panels with more European populations (Northern European such as
Swedish, German, Belgian, British and Southern European such as
Spanish or Portuguese), but it is more difficult to have access to these

populations as most of the panels that were used to study the genetic
diversity in Europe, such as the Europa panel17 are not publicly
available.
The variant was transmitted to all the five studied variant carriers by

a same common ancestor who lived about 225 years ago, that is, in the
second half of the eighteenth century, with a large range due to
the small sample size. It is possible that the variant appeared earlier in
the population but remains at very low frequency. Indeed, the method
we used to estimate variant age provides an estimate of the time since
the most recent common ancestor of variant carriers and not the time
since the variant first appeared. It is possible that the mutation leading
to the studied variant took place earlier and the estimate of nine
generations ago is in fact the age estimate of a population bottleneck
that occurred in the population. This bottleneck would then have
created a genetic pattern that makes it look as though the mutation
was first introduced into the population nine generations ago.
Interestingly, there is evidence that for many centuries and up to
1900, malaria secondary to different species of Plasmodium (vivax,
falciparum) was present all over Europe and Africa from Scandinavia
to South Africa.18 There are several reports of β-thalassemia variants in
patients from Northern Europe with no known ancestry in regions
where thalassemia is endemic,7–9 but so far it cannot be ruled out that
these variants might have been introduced by recent migrations from
regions where β-thalassemia variants are frequent. There are some
reports showing that, in the Nord-Pas-de-Calais region, swamps were
present until the end of the nineteenth century, and malaria was
prevalent.19 As heterozygosity for β-thalassaemia is thought to provide
some protection against death from malaria, it is possible that about
200 years ago a particularly severe malaria epidemic took place and
gave a selective advantage to heterozygous variant carriers. However,
given the short timescale (nine generations) and the fact that the
speculated selective pressure is no longer present in the population, it
is very difficult to draw any conclusion regarding the possible role of
selection in the spread of this variant.
Moreover, the Northern extension of the area where malaria was

present in the past is not well known, and thus the question of the
relevance of determining the ethnic origin of the mutation carriers to
study the relationship between malaria and β-globin could be raised.
Although there have been several reports of variants of the β-globin
genes found in patients living in the North of Europe and with no
known ancestry in regions where thalassemia is endemic, to our
knowledge, ancestry-informative markers spanning different genomic
regions have not been used so far to confirm the origin of patients.
This is, to our knowledge, the first work where the ethnic origin of
mutation carriers is studied using ancestry-informative markers, and
we hope it could open up the way to other similar studies that may
collectively help resolve the question of the relationship between
malaria and β-globin. In particular, studies with ancestry-informative
markers on erythrocyte genetic disorders in geographical areas where
malaria exerts a more significant selective pressure could really be
helpful in the debate.
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