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Origin and History of the IVS-I-110 and Codon 39 
β-Thalassemia Mutations in the Lebanese Population

LAÏLA ZAHED,1 JOCELYNE DEMONT,2 RACHID BOUHASS,3 GUY TRABUCHET,2

CATHERINE HÄNNI,2 PIERRE ZALLOUA,4AND PASCALE PERRIN2

Abstract Using restriction fragment length polymorphisms (RFLPs) and
sequence haplotype analysis, we studied the chromosomal background of the
β-globin gene in 31 unrelated Lebanese IVS-I-110 or codon 39 (Cd39) sub-
jects, and five normal βA/βA individuals. Our results are compared with those
from similar studies in other parts of the Mediterranean in an attempt to pro-
vide insights into historical patterns of selection and disease. The great ma-
jority of the Lebanese chromosomes with the IVS-I-110 mutation are associ-
ated with the RFLP haplotype I and sequence haplotype HT1, which is
probably the ancestral structure on which the mutation first emerged. The re-
mainder of the IVS-I-110 alleles are linked to the 5′-subhaplotype 12 RFLP
haplotype and/or HTR sequence haplotype. In contrast, in Turkey, IVS-I-110
is associated with six distinct sequence haplotypes and four distinct RFLP
haplotypes, suggesting that the mutation probably emerged there. The diver-
sity of sequence haplotypes described in Turkey was probably generated
through recombination or gene conversion events with the most frequent βA

autochthonous structures. Our data on Lebanese βA chromosomes and Alger-
ian βA chromosomes, along with previously described Turkish βA chromo-
somes, strengthen this hypothesis. Following its emergence in Turkey, the
IVS-I-110 mutation was probably introduced to Lebanon later, by migration
or settlements. Cd39 demonstrates a remarkable level of sequence and RFLP
haplotype heterogeneity in Algeria, in contrast to its relative homogeneity in
Turkish samples. However, its rarity in the Near East, and more specifically
in Lebanon, does not allow us to draw any conclusions concerning its origin
and gene flow.

The thalassemias are genetic disorders characterized by absent or deficient syn-
thesis of one or the other of the globin chains of hemoglobin. The high prevalence
of thalassemias in malaria-infested regions led Haldane (1949) to propose that

1Department of Pathology and Laboratory Medicine, American University of Beirut, Beirut, Lebanon.
2Centre de Génétique Moléculaire et Cellulaire—CNRS–UMR 5534—Université Lyon I, 69622 Villeur-

banne Cedex, France.
3Centre Anti-Cancéreux Pédiatrique Emir Abdelkader, 31000 Oran, Algeria.
4Chronic Care Center, Hazmieh, Beirut, Lebanon.

Human Biology, December 2002, v. 74, no. 6, pp. 837–847.
Copyright © 2003 Wayne State University Press, Detroit, Michigan 48201-1309

KEY WORDS: LEBANON, Β-THALASSEMIA MUTATIONS, RFLP HAPLOTYPE, SEQUENCE HAP-
LOTYPE



838 / zahed et al.

heterozygotes for these lethal diseases have a selective advantage (Clegg and
Weatherall 1999). β-thalassemia, resulting from deficient production of the β-glo-
bin chain, is an autosomal recessive disorder mainly prevalent among people of
Mediterranean, African, or Asian descent. To date, over 180 different mutations
leading to β-thalassemia have been characterized around the world. The muta-
tions show a characteristic geographic distribution: for example, in the Mediter-
ranean region, over 50 β-thalassemia mutations have been characterized, among
which two are clearly preponderant. IVS-I-110 (G→A) is observed at high fre-
quencies in the eastern part of the Mediterranean, whereas the mutation at codon
39 (C→T) is very frequent in western Mediterranean countries. In Lebanon, IVS-
I-110 represents 40% of thalassemia mutations, while stop codon 39 (Cd39) is
quite rare (0.8%) and has been identified in only a few individuals so far (Table
1).

In order to study the origin of β-thalassemia mutations, their chromosomal
background has been classically analyzed using restriction sites along 50 thou-
sand base pairs (kb) of the β-globin gene cluster (Figure 1), defining the restric-
tion fragment length polymorphism (RFLP) haplotypes (Orkin et al. 1982). Due
to the large size of this chromosomal segment and the existence of a hot spot for
meiotic recombination, many recombinational events and variations appeared
(Antonarakis et al. 1982; Chakravarti et al. 1984). Therefore, in order to under-
stand better the origin of the mutations, we analyzed a smaller region, localized
immediately upstream of the β-globin gene (Figure 1). High nucleotide diversity
and particular instability would be the result of the presence of an origin of repli-
cation in this region (Fullerton et al. 2000). This intergenic region of about 800
base pairs (bp) contains nine polymorphic discrete sites (single nucleotide poly-
morphisms—SNPs) and a sequence of composite repeated structure, (AT)xTy,
defining the sequence haplotypes. In this study, we present the results of our find-
ings obtained from the analysis of this sequence in IVS-I-110 and Cd39 chromo-
somes from Lebanese individuals, and compare them to RFLP haplotypes. So far,
there has been no systematic attempt to account for the history of β-thalassemia
mutations using both RFLP and sequence haplotypes. A large amount of haplo-

Table 1. Frequency Distribution of the Two Preponderant Mediterranean β-Thalassemia
Mutations in Algeria, Lebanon, and Turkey

Country Na
IVS-I-110 

%
Cd39 

% References

Algeria 301 23.6 36.4 Bennani et al. 1994

Lebanon 327 40 0.8 Chehab et al. 1987

Turkey 795 39.2 3.8 Tadmouri et al. 1998

a. N = number of studied β-thalassemia chromosomes.

Bouhass et al. 1994

Zahed et al. 1997, 2000
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type data have now been accumulated, providing an interesting picture of the ge-
netic background of the preponderant Mediterranean β-thalassemia mutations, al-
lowing us to estimate in which population a mutation is most likely to have aris-
en. The current study, complementing previous studies from other Mediterranean
countries (Perrin et al. 1998; Tadmouri et al. 2001), would therefore clarify the
history and origin of these two mutations.

Subjects and Methods

Subjects. A total of 31 unrelated Lebanese IVS-I-110 and Cd39 individuals
belonging to various religious communities were studied. Fourteen were homozy-
gous IVS-I-110 patients (28 chromosomes) and 16 were heterozygous IVS-I-110
carriers (16 chromosomes). DNA extraction and mutation identification were car-
ried out as described in Zahed et al. (2000). Although the majority of homozy-
gous patients may be from consanguineous marriages, for practical purposes we
chose to count two chromosomes for all homozygotes. Only one Cd39 heterozy-
gous carrier was analyzed because of the rarity of this mutation. We also studied
21 βA chromosomes, including the normal alleles from heterozygous individuals
and 10 chromosomes from five homozygous βA/βA individuals. In addition, se-
quence haplotypes were also studied in fourteen Algerian βA chromosomes.

Haplotype Analysis. RFLP haplotype analysis was done by polymerase chain
reaction (PCR) amplification followed by restriction enzyme digestion, as de-
scribed in Zahed et al. (2000). Seven restriction sites were analyzed, including:
HincII 5′ to ε, HindIII sites in the Aγ and Gγ genes, HincII sites in the ψβ locus,
an AvaII site in the IVS2 of β gene, and finally a BamHI site 3′ to the β-globin
gene. 

For sequence haplotype analysis, PCR amplification in homozygous pa-
tients was carried out using primers P and B (Trabuchet et al. 1991) (Figure 1)
with the conditions mentioned in Perrin et al (1998). Each DNA was amplified at
least twice independently. The ARMS-PCR (Newton et al. 1989) was used to as-
sign alleles to Cd39 and IVS-I-110 chromosomes in heterozygotes. The fragment
was amplified using primers specific to the nonthalassemia allele (β39N and β110N)
or specific to the thalassemia allele (β39T and β110T) (Perrin et al. 1998; Varawalla
et al. 1991), respectively, on one side, and D primer (Figure 1) on the other side.
The PCR amplification conditions for the Cd39 ARMS primer were as described
in Perrin et al. (1998). The reaction mixture for the IVS-I-110 ARMS (50 µL)
contained 400 ng DNA, 50 pM of each primer, 3 nM of each dNTP in Taq buffer
with 2.5 units of Taq DNA polymerase (Sigma Aldrich). Thirty-five cycles of am-
plification (2 min at 94°C, 1 min at 55°C, and 2 min at 72°C) were done on a 9600
Perkin Elmer apparatus. Automated sequencing on Perkin-Elmer 373A apparatus
was done using the Perkin-Elmer kit or the Amersham DYEnamic ET Terminator
kit.
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Results

In Lebanon, a total of 18 different mutations have been identified so far
(Chehab et al. 1987; Zahed et al. 2000). The most frequent mutation is IVS-I-110,
which represents 40% of the β-thalassemia mutations (Table 1), while one of the
rarest is Cd39. A similar pattern is observed in Turkey (Table 1). In contrast, in
Algeria both IVS-I-110 and Cd39 are the two most prevalent mutations. 

Two RFLP haplotypes were associated with the IVS-I-110 mutation (Table
2). The most preponderant by far is haplotype I, which was found in 37 out of the
40 chromosomes analyzed (92.5%), while three IVS-I-110 chromosomes were
linked to the 5′ haplotype 12. RFLP analysis was noninformative in three chro-
mosomes. Haplotype I was also found linked to the single Cd39 mutation.

Similarly, two different sequence haplotypes were identified: HT1
[ATT(AT)7T7] accounted for 77% of IVS-I-110 chromosomes and HTR
[GTT(AT)7T7] for 23% (Table 2). The single Cd39 chromosome was also found
to be associated with HT1. All IVS-I-110 mutations linked to RFLP haplotype 12
were exclusively associated with HTR; however, HTR was also found in associa-
tion with some IVS-I-110 RFLP haplotype I chromosomes. Among βA Lebanese
chromosomes, HTR is the most commonly observed haplotype (48%), whereas
HT1 is less frequent (about 6%) (Table 2), as opposed to the findings in IVS-I-110
chromosomes. Haplotype I was found to be the most prevalent haplotype among
a sample of the normal Lebanese population (Zahed, unpublished data). HT4,
HT7, and HT8 sequence haplotypes have already been described in Turkish βA

chromosomes (Tadmouri et al. 2001). HT2, HT5, and HT18 (Tadmouri et al.

Table 2. Sequence and RFLP Haplotypes Associated with IVS-I-110, Cd39, and Normal
Chromosomes (βA) in Lebanon

Alleles -1069 -703 -551 (AT)xTy
Sequence 

Haplotype Type
RFLP
Type

Chromosome 
Nb

IVS-I-110 A T T 7-7 HT1 I 34 (13)
G T T 7-7 HTR I, 12 10 (3)

Cd39 A T T 7-7 HT1 I 1
βA A C C 9-5 HT2 1

A T C 7-7 HT7 1
A T T 7-7 HT1 2
G C C 7-7 HT4 6
G C C 9-5 HT8 2
G C T 7-7 HT5 1
G T C 7-7 HT18 I 3
G T T 7-7 HTR I, V 15

Note: The number of homozygote patients is indicated in parentheses. Three sites out of nine are poly-
morphic in our sample. In all these sequence haplotypes, we found in polymorphic positions -989,
-780, -710, -543, -521, and -491, respectively, C, A, T, C, C, A. The names of the sequence haplotypes
are as described in Tadmouri et al. 2001.
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2001) have not been observed in Turkey but have been described in some of the
studied Algerian chromosomes (Figure 2c). Some Melanesian (Fullerton et al.
1994) and Mandenka (Currat et al. 2002) βA chromosomes were also shown to
carry these sequence haplotypes. The great homogeneity of the βthal chromo-
somes in western Mediterranean and in eastern Mediterranean populations is in

Figure 2. Histograms showing the relative frequencies of sequence haplotypes in Algeria (Perrin
et al. 1998; this study), Lebanon (this study), and Turkey (Fullerton et al. 2000) associ-
ated with (a) IVS-I-110 alleles, (b) Cd39 alleles, and (c—see next page) βA chromo-
somes. Sampling is as follows: 10, 44, and 87 IVS-I-110 chromosomes for Algeria,
Lebanon, and Turkey, respectively; 22, 1 (only one), and 16 Cd39 chromosomes for Al-
geria, Lebanon, and Turkey, respectively; 14, 31, and 13 βA chromosomes for Algeria,
Lebanon, and Turkey, respectively. Algerian and Turkish sequence haplotypes are as fol-
lows [positions -1069, -989, -780, -710, -703, -551, -543, -521, -491, and repetition
numbers of (AT) and T are given successively]: HT2 [ACATCCCCA 9-5], HT3
[GCATCCCCA 11-3], HT4 [GCATCCCCA 7-7], HT5 [GCATCTCCA 7-7], HT7
[ACATTCCCA 7-7], HT8 (GCATCCCCA 9-5(, HT9 (GCATTCCCA 9-5(, HT10
[GCATTTCCA 11-3], HT11 [GGATTCCCA 11-3], HT18 (GCATTCCCA 7-7(, HT20
(GGATTTCCA 7-7(. The definitions of the sequence haplotypes HT1 and HTR are giv-
en in Table 2. 
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Figure 2. (Continued) 

sharp contrast with the high degree of polymorphism observed among βA chro-
mosomes. 

Discussion

The sample of IVS-I-110 and Cd39 Lebanese chromosomes analyzed is
relatively small compared to sample sizes in studies of other populations. Howev-
er, our sample comprises the majority of informative individuals with these muta-
tions, and the small sample size is mainly due to the high rate of consanguinity
among thalassemia families and the inherent small size of the Lebanese popula-
tion. On the other hand, Cd39 is quite a rare mutation in Lebanon. The sample
size of βA chromosomes analyzed is also relatively small and may comprise some
normal alleles of β-thalassemia carriers. However, it still allows us to establish
the dominant sequence haplotypes in the populations studied and clearly observe
that diversity is greater in wild-type chromosomes than in IVS-I-110 chromo-
somes. This difference would probably be more striking if a larger sample of nor-
mal chromosomes were analyzed, as observed in previous studies (Fullerton et al.
1994; Currat et al. 2002).

Despite these limitations, some valid observations can still be made. IVS-I-
110 alleles from Lebanon have the same genetic background as those described in
previous studies from Algeria and Turkey (Perrin et al. 1998; Tadmouri et al.
2001). Figure 2a shows the frequency of the HT1 sequence haplotype in those
three countries, indicating that it is indeed the most frequent sequence haplotype
in all. On the other hand, HTR has never been identified in Algeria (Perrin et al.
1998), nor in Tunisia (Haj-Khelil et al., unpublished data), whereas it is found in
Turkey (Tadmouri et al. 2001). Haplotype diversity is indeed most remarkable in
Turkey, where six different sequence haplotypes were detected. Such heterogene-
ity is not found in any of its neighboring countries (Perrin, unpublished data).
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Table 3. (a) Association between IVS-I-110 Alleles and RFLP Haplotypes in Algeria,
Lebanon, and Turkey. (b) Association between Cd39 Alleles and RFLP Haplotypes in Al-
geria, Lebanon, and Turkey

(a) IVS-I-110

Country Haplotype 5′ Haplotype 3′ Type Number (%)

Algeria +–––– ++ I 80 (92)
–++–+ ++ II 7 (8)

Lebanon +–––– ++ I 69 (93.2)
–––++ ++ 5′-12 4 (5.4)
–++–+ ++ II 1 (1)

Turkey +–––– ++ I 68 (93.1)
–++–+ ++ II 3 (4.1)
–+–++ ++ IX 1 (1.4)
–+–++ –+ IV 1 (1.4)

(b) Cd39

Country Haplotype 5′ Haplotype 3′ Type Number (%)

Algeria –++–+ ++ II 53 (63.9)
+–––– ++ I 28 (33.7)
–++–+ +– 1 (1.2)
–+–++ ++ IX 1 (1.2)

Lebanon –++–+ ++ II 2 (66.7)
+–––– ++ I 1 (33.3)

Turkey –++–+ ++ II 2 (50)
–+–++ –+ IV 2 (50)

Note: RFLP haplotypes for Algeria are compiled from Bennani et al. 1994; Labie et al. 1990; and Flint
et al. 1993. For Lebanon they are compiled from Chehab et al. 1987; Zahed et al. 2000; and this study.
For Turkey they are compiled from Flint et al. 1993.

This finding argues strongly for the old age of IVS-I-110 in Turkey, and the prob-
able Turkish origin or fixation of this mutation.

With regard to RFLP haplotypes, IVS-I-110 shows strong linkage to haplo-
type I in the Lebanese population, a finding which also applies for this mutation
in other populations. In Lebanon, 69 out of 74 chromosomes studied so far
(Chehab et al. 1987; Zahed 2000) are linked to Haplotype I (about 93%) (Table
3a). IVS-I-110 is also tightly linked to RFLP haplotype I in Algeria and Turkey
(92% and 93%, respectively)  (Table 3a) as well as in Tunisia (Flint et al. 1993).
Turkey also shows the highest diversity of RFLP haplotypes linked to IVS-I-110
(four haplotypes). This seems to further demonstrate that the ancestral back-
ground on which the IVS-I-110 mutation first appeared was probably the RFLP
haplotype I and the sequence haplotype HT1 in Turkey. In three different
Lebanese chromosomes, IVS-I-110 is linked to the 5′ subhaplotype 12, an obser-
vation that has not been previously reported in another population. All three indi-
viduals belong to a particular religious community in Lebanon, and this RFLP
haplotype bears exclusively the HTR sequence haplotype. The 5′ subhaplotype 12
is a rare haplotype that has been previously reported, at low frequencies, in South
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Africa and Asia (Zahed et al. 2000; Labie et al. 1990; Chibani et al. 1988). Hap-
lotypes I and 12 share the same 3′ subhaplotype, indicating that this new linkage
is most likely due to recombination. The high frequency of the HTR sequence
haplotype among βA chromosomes may explain the transfer of the IVS-I-110 mu-
tation from its ancestral context to this wild-type structure. 

The mutation at codon 39 (C→T) is rare in Lebanon, as it is in other neigh-
boring eastern Mediterranean countries. The only sample we studied is linked to
the RFLP haplotype I and the sequence haplotype HT1. As opposed to IVS-I-110,
which is strongly linked to haplotype I, Cd39 may be found linked at appreciable
frequencies to different RFLP haplotypes in the same population (Labie et al.
1990), the most frequent of which is haplotype II. This is also true for Algeria,
where the mutation is found linked to four different RFLP haplotypes (Table 3b).
Multiple associations with sequence haplotypes have also been observed in Alge-
ria and Tunisia (Perrin et al. 1998; Haj-Khelil et al., unpublished data), but the
most prevalent is HTR (Figure 2b). However, the rarity of this mutation in our re-
gion does not allow us to draw any conclusions concerning its possible origin and
gene flow.

In conclusion, this study shows that there is little diversity both in RFLP
and sequence haplotypes associated with IVS-I-110 chromosomes, when com-
pared to the much more heterogeneous βA chromosomes. This is a clear indica-
tion of the unicentric origin of IVS-I-110, as previously proposed by Perrin et al.
(1998). Haplotype diversity must have arisen through recombination events with
βA chromosomes. It is possible that IVS-I-110, which is widely distributed
throughout Lebanon (Zahed et al. 1997), has been present there since prehistoric
or early historic times. The oldest settlement, according to archaeological evi-
dence, was located around the town of Byblos (north of the capital, Beirut) and
dates back to 5000 b.c. (Chen et al. 1990). Lebanon then witnessed the passage of
many different people in the next 2000 years, from the Arab conquests (8th to
11th centuries), through Seljoukids settlers (11th century), the Crusades, the
Mameluks (12th century) to the Ottoman empire (15th to 16th centuries). Our
study reinforces the hypothesis that the Seljoukids or the Ottomans could have
served as a genetic vehicle, bringing with them the IVS-I-110 thalassemia muta-
tion. The Cd39 mutation could be a heritage from the Crusaders. However, docu-
mented skeletal remains with bone pathology (porotic hyperostosis and cribra or-
bitalia) dating from the Neolithic period and suggestive of thalassemia were
described in this region (Lalouel et al. 1976; Anfruns et al. 1996). In Israel, DNA
analysis of the skeletal remains of a child dating from the Ottoman period re-
vealed the presence of a β-thalassemia mutation (Meiklejohn et al. 1992). The ge-
netic analysis of some skeletal remains would therefore help us to evaluate more
accurately the oldest presence of these two mutations in the Near East.

Acknowledgments This work was supported by a CEDRE grant. Laila Zahed is the
Lebanese head of the project and Pascale Perrin is the French head of the project. The au-
thors express their thanks to the French CEDRE board and the Lebanese CEDRE board for



846 / zahed et al.

this program. This work was also supported by CNRS and OHLL (Origine de l’Homme,
du Langage et des Langues) program, and partially supported by a MPP grant from the
American University of Beirut. We thank Dr. E. Girodon (Hôpital Henri Mondor, Créteil)
and Dr. André Megarbane (Université St Joseph, Lebanon) for providing DNA samples.
We would like to thank also Professor G. Lefranc (Institut de Génetique Humaine, Mont-
pellier) for his advice and Dr. Françoise Le Mort for her assistance in paleopathology.

Received 18 October 2001; revision received 17 July 2002.

Literature Cited

Anfruns, J., T. Majo, and J.I. Oms. 1996. Les restos humanos del neolitico preceramico. M. Molist, ed.
Tell Halula (Syria) Informes Arqueologicos 4, Madrid / Ministerio de Educacion y Cultura
22:161–208.

Antonarakis, S.E., C.D. Boehm, P.J.V. Giardina et al. 1982. Nonrandom association of polymorphic
restriction sites in the β-globin gene cluster. Proc. Natl. Acad. Sci. USA 79:137–141.

Bennani, C., R. Bouhass, P. Perrin–Pécontal et al. 1994. Anthropological approach to the heterogene-
ity of β-thalassemia mutations in northern Africa. Hum. Biol. 66:369–382.

Bouhass, R., P. Perrin, and G. Trabuchet. 1994. The spectrum of β-thalassemia mutations in Oran re-
gion of Algeria. Hemoglobin 18:211–219.

Chakravarti, A., K.H. Buetow, S.E. Antonarakis et al. 1984. Nonuniform recombination within the hu-
man β-globin gene cluster. Am. J. Hum. Genet. 36:1239–1258.

Chehab, F.F., V. Der Kaloustian, F.P. Khouri et al. 1987. The molecular basis of β-thalassemia in
Lebanon: Application to prenatal diagnosis. Blood 69:1141–1145.

Chen, L.Z., S. Easteal, P. Board et al. 1990. Evolution of β-globin haplotypes in Human populations.
Mol. Biol. Evol. 7:423–437.

Chibani, J., M. Vidaud, P. Duquesnoy et al. 1988. The peculiar spectrum of β-thalassemia genes in
Tunisia. Hum. Genet. 78:190–192.

Clegg, J.B., and D.J. Weatherall. 1999. Thalassemia and malaria: New insights into an old problem.
Proceed. Assn. Amer. Phys. 111:278–282.

Currat, M., G. Trabuchet, D. Rees et al. 2002. Molecular analysis of the β-globin gene cluster in the
Niokholo Mandenka population reveals a recent origin of the βS Senegal mutation. Am. J.
Hum. Genet. 70:207–223.

Filon, D., M. Faerman, P. Smith et al. 1995. Sequence analysis reveals a β-thalassaemia mutation in
the DNA of skeletal remains from the archaeological site of Akhziv, Israël. Nature Genet.
9:365–368.

Flint, J., R.M. Harding, J.B. Clegg et al. 1993. Why are some genetic diseases common? Distinguish-
ing selection from other processes by molecular analysis of globin gene variants. Hum. Genet.
91:91–117.

Fullerton, S.M., J. Bond, J.A. Schneider et al. 2000. Polymorphism and divergence in the β-globin
replication origin initiation region. Mol. Biol. Evol. 17:179–188.

Fullerton, S.M., R.M. Harding, A.J. Boyce et al. 1994. Molecular and population genetic analysis of
allele sequence diversity at the human β-globin locus. Proc. Natl. Acad. Sci. 91:1805–1809.

Haldane, J.B.S. 1949. The rate of mutations of human genes. Hereditas Suppl. 35:267–273.
Labie, D., C Bennani, and C. Beldjord. 1990. β-thalassemia in Algeria. Ann. New York Acad. Sci.

612:43–54.
Lalouel, J.M., J. Loiselet, G. Lefranc et al. 1976. Genetic differentiation among Lebanese communi-

ties. Acta Anthropogenet. 1:15–33.



Origin of β-Thalassemia Mutations in Lebanon / 847

Meiklejohn, C., P.A. Agelarakis, P.A. Akkermans et al. 1992. Artificial cranial deformation in the pro-
to-Neolithic and Neolithic Near East and its possible origin: Evidence from four sites. Paléori-
ent. 18/2:83–97.

Newton, C.R., A. Graham, L.E. Heptinstall et al. 1989. Analysis of any point mutation in DNA. The
amplification refractory mutation system (ARMS). Nucl. Acids Res. 17:2503–2516.

Orkin, S.H., H.H. Kazazian Jr., S.E. Antonarakis et al. 1982. Linkage of β-thalassaemic mutations and
β-globin gene polymorphisms with DNA polymorphisms in the human β-globin gene cluster.
Nature 296:627–631.

Perrin, P., R. Bouhass, L. Mselli et al. 1998. Diversity of sequence haplotypes associated with β-tha-
lassaemia mutations in Algeria: Implications for their origin. Gene 213:169–177.

Tadmouri, G.O., N. Garguier, J. Demont et al. 2001. History and origin of β-thalassemia in Turkey:
Sequence haplotype diversity of the β-globin gene. Hum. Biol. 73:661–674. 

Tadmouri, G.O., S. Tuzmen, H. Ozcelik et al. 1998. Molecular and Population Genetic analyses of 
β-Thalassemia in Turkey. Am. J. Hematol. 57:215–220.

Trabuchet, G., J. Elion, G. Baudot et al. 1991. Origin and spread of β-globin gene mutations in India,
Africa and Mediterranea: Analysis of the 5′ flanking and intragenic sequences of βs and βc

genes. Hum. Biol. 63:241–252.
Varawalla, N.Y., J.M. Old, R. Sarkar et al. 1991. The spectrum of β-thalassemia mutations on the In-

dian subcontinent: The basis for prenatal diagnosis. Br. J. Haematol. 78:242–247.
Zahed, L., M. Qatanani, M. Nabulsi et al. 2000. β-thalassemia mutations and haplotype analysis in

Lebanon. Hemoglobin 24:269–276.
Zahed, L., R. Talhouk, M. Saleh et al. 1997. The spectrum of β-thalassemia mutations in the Lebanon.

Hum. Hered. 47:241–249.


