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Investigation of 3-Globin Gene Mutations
in Patients with p-Thalassemia in Sanhurfa
Province of Turkey

Tiirkiye'nin Sanlurfa [linde B-Thalassemia’lx
Hastalarda B-Globin Gen Mutasyonlarinin
Arastirilmasi

ABSTRACT Objective: The B-thalassemia (B-thal) is a diverse group of hemoglobin disorders cha-
racterized by a reduced or absent synthesis of the globin chains of hemoglobin (Hb) molecule. He-
moglobin beta gene (HBB) is responsible for synthesis of beta globin chain, and has many mutations,
changing from a population to other. B-thal is an important health problem in the $anlurfa provin-
ce placed in Southeastern Anatolia Region of Turkey. We aimed to investigate the frequency of the
HBB gene NM_000518.4:¢.93-21G>A (IVS1-110G>A or g.252G>A), c.25_26delAA (Cd8 -AA or
g.75_76delAA), and ¢.315+1G>A (IVS2-1G>A or g.496G>A) mutations which were the most common
in Turkey by using amplification refractory mutation system-polymerase chain reaction (ARMS-
PCR). Material and Methods: Blood samples were collected from 51 patients with p-thal (25 males and
26 females), and DNA was isolated by using salting out procedure. The normal and mutant alleles of
the HBB gene ¢.93-21G>A, ¢.25_26delAA, and ¢.315+1G>A were amplified by using amplification re-
fractory mutation system-polymerase chain reaction (ARMS-PCR) method in two distinct PCR tu-
bes. The PCR products were examined on the agarose gel for presence of DNA marker. Results: The
frequency of the ¢.93-21G>A, c.25_26delAA, and ¢.315+1G>A mutant alleles in 28 of 51 patients was
detected as 26.5%, 3.9%, and 3.9%, respectively. Conclusion: This study was the first research of -
thal mutations in this province, and showed that the ¢.93-21G>A mutation was the most frequent in
this province among three mutations by ARMS-PCR method, and different from those reported in
Central Anatolia, Aegean and Mediterranean regions of Turkey. This research may facilitate the im-
plementations of genetic counseling and prenatal diagnosis in the population of $anliurfa.
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OZET Amag: Beta-talassemiler, hemoglobin (Hb) molekiilii globin zincirleri sentezinin azalmasi ya
da sentez edilememesi ile karakterize edilen hemoglobin diizensizliklerinin farkli bir grubudur. He-
moglobin beta geni (HBB), beta globin zinciri sentezinden sorumludur ve ¢ok sayida mutasyon nok-
talarina sahiptir. Gen tizerindeki mutasyon oran ve gesitleri bir toplumdan digerine degismektedir.
f-talassemi, Tiirkiye'nin Giiney Dogu Anadolu Bélgesinde yer alan $anlurfa ilinde 6nemli bir saglik
problemidir. Biz, Tiirkiye’'de en yaygin olarak bilinen HBB geni NM_000518.4: ¢.93-21G>A (IVS1-
110G>A veya g.252G>A), ¢.25_26delAA (Cd8 -AA veya g.75_76delAA) ve c.315+1G>A (IVS2-1G>A
veya g.496G>A) mutasyonlarin frekanslarin1 amplifikasyon refrakter mutasyon sistemi-polimeraz zin-
cir reaksiyonu (ARMS-PCR) kullanarak belirlemeyi amagladik. Gereg ve Yontemler: Kan 6rnekleri,
f-talassemi’li 51 hasta ¢ocuktan (25'i erkek ve 26’s1 kiz) toplandi ve DNA tuzla ¢oktiirme yontemi ile
izole edildi. HBB geni ¢.93-21G>A, ¢.25_26delAA ve ¢.315+1G>A normal ve mutant allelleri iki ayr1
PCR tiipiinde ARMS-PCR metodu ile ¢ogaltildi. PCR tiriinleri, DNA markeri varhiginda agaroz jeli tiz-
erinde incelendi. Bulgular: Elli bir hastanin 28’inde ¢.93-21G>A, ¢.25_26delAA ve ¢.315+1G>A mu-
tant allellerinin frekanslar sirasiyla %26.5, %3.9 ve %3.9 olarak belirlendi. Sonug: Bu ¢aligma, bu ilde
{-talassemi mutasyonlar: {izerine yapilan ilk ¢aligmadir ve ¢.93-21G>A mutasyonun bolgede ARMS-
PCR metodu ile ii¢ mutasyon arasinda en sik mutasyon oldugu ve bunun Tiirkiye'nin I¢ Anadolu, Ege
ve Akdeniz bolgelerinden elde edilen sonuglardan farkl oldugunu gosterdi. Bu aragtirma, Sanlurfa
toplumunda genetik danigma ve prenatal teshis uygulamalarim kolaylagtirabilir.

Anahtar Kelimeler: PCR, globinler, mutasyon, beta-talasemi, DNA mutasyonal analizi
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-thalassemia (B-thal) is a common autoso-
mal-recessive disorder resulting from over 200
different mutations of the HBB (Hemoglobin

eta) gene, and characterized by either reduced ($*-
thal) or absent (Be-thal) B-globin chain(s) synthesis.!
The HBB gene is located on chromosome 11
(11p15), and consists of three exons and two in-
trons.? The majority of these mutations on HBB ge-
ne cause defects in transcription, RNA splicing and
translation because of frameshifts and nonsense co-
dons or produce highly unstable b-globin products.?

B-thal runs a chronic course requiring repea-
ted blood transfusions that usually leads to iron
overload, and no other effective therapy is pre-
sently available.* In addition, if untreated, affected
individuals manifest failure to thrive and shorte-
ned life expectancy.’

The frequency and spectrum of 3-thal mutati-
ons vary among different countries, which include
Turkey, Cyprus, Greece, Bulgaria, Iran, Syria,
Azerbaijan, and Lebanon. The most common mu-
tations seen in these countries were IVS1-110
(G>A), IVS1-1 (G>A), Codon 5 (-CT), Codon 39
(G>T), IVS1-6 (T>C), IVS2-1 (G>A).5'¢ In addition,
some individuals with p-thal carry compound mu-
tations in the Mediterranean populations.'”'® Im-
migration and consanguineous marriages play a
major role in both the distribution and the extent
of mutation variations within each country."

B-thal is a major public health concern in Tur-
key; throughout the country the -thal carrier rate is
rather high (2-10%), and mutation frequency deter-
mined on HBB gene in Turkey vary considerably
from region to region.”"” The IVS1-110 (G>A) muta-
tion (39.3%) is the most common (-thal deficiency in
Turkey, followed in reducing order by IVS1-6 (T>C),
frame shift codon 8 (-AA), IVS1-1 (G>A), IVS2-745
(G>C), IVS2-1 (G>A), codon 39 (C>T), frame shift co-
don 5 (-CT), all of which have frequency above
2%."17181n order to control B-thal, a comprehensive
study dealing with molecular diagnosis of mutation
causing this disease is needed for carrier detection and
establishment of prenatal diagnostic program.?

The population of the Sanhurfa province in the
Southeastern Anatolia Region of Turkey is about
383.870, and he total fertility rate is 4.83 in this pro-
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vince, whereas, 2.53 in Turkey as a mean. In addition,
the rate of population growth is 3.6 percent per year,
much higher than the national average of 1.8 percent.?!

Conventional PCR-based techniques, inclu-
ding amplification refractory mutation system-
polymerase chan reaction (ARMS-PCR), restriction
endonuclease digestion analysis (RFLP), denaturing
gradient gel electrophoresis, and direct sequencing
have been applied for molecular diagnosis and car-

rier screening of thalassemia.®**?

We focused to investigate on the rate of the
c.93-21G>A, c.25 26delAA, and c.315 + 1G >A mu-
tations among individuals by using ARMS-PCR du-
e to the high fertility rate and population growth in
this province, and to detect the most frequent of
these mutations in Turkey.

I MATERIAL AND METHODS
PATIENTS AND DNA EXTRACTION

B-thal patients were diagnosed on the basis of com-
plete blood count and Hb electrophoresis in 51 pa-
tients under the care of Hematology unit of the
Hospital of Harran University from September
2007 to August 2007. The children consisted of 25
males and 26 females, ages ranging from two to 15
years (average ages: 7 + 3.2). EDTA-blood samples
were collected from these patients before blood
transfusion and genomic DNA was extracted by the
standard salting out procedure.? The isolated DNA
was dissolved in deionised water in quantity of 20
ng/ul and in purity 1.7-2.0.

AMPLIFICATION REFRACTORY MUTATION SYSTEM -
PCR (ARMS-PCR)

The HBB gene NM_000518.4: c.93-21G>A (IVSI1-
110G>A or g.252G>A), ¢.25_26delAA (Cd8 -AA or
g.75_76delAA), and ¢.315+1G>A (IVS2-1G>A or
g.496G>A) mutations were investigated by the
ARMS-PCR technique as described previously.?
The target DNA was amplified in two separate re-
actions using a common forward primer and either
one of two reverse allele-specific primers, one com-
plementary to the mutant sequence, the other to
the normal DNA sequence. An internal PCR con-
trol was used, which amplifies another region of
the genome (861-bp) as positive control.
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The ARMS-PCR reactions were carried out in a
10-ml reaction volume containing 1xPCR buffer
(Fermentas, St. Leon-Rot, Germany), 50 ng of DNA,
0.2 uM of each primer (Bio Basic Inc, Ontario, Cana-
da, Table 1), 3 mM MgCl,, 0.2 mM each deoxynucle-
otide triphosphate (ANTPs, Fermentas) and 0.3 unit of
Taq DNA Polymerase (Fermentas). The reactions for
the three different mutations were performed under
identical PCR thermal conditions, that is, an initial
denaturation step at 94°C for 3 min, followed by 25
cycles of 94°C denaturation for 45 s, 65°C annealing
for 1 min, 72°C extension for 2 min, and final exten-
sion at 72°C for 5 min. Following the PCR reactions,
the PCR products were separated on 2% agarose gel,
and analyzed with Alpha Imager System (Alphaln-
notech, San Leandro, California USA). The PCR pro-
files on the gel were compared with a DNA ladder
(100-1500 bp, Bio Basic Inc) (Figure 1, 2).

ETHICS

Faculty of Medicine institutional review board ap-
proved the study, and written informed consent
was obtained from all patients. The study complied
with world medical association declaration of Hel-
sinki ethical principles for medical research invol-
ving human subjects.

I RESULTS
We were able to identify mutations successfully in
all the cases by using the ARMS-PCR technique
(Figure 1 and 2). We characterized 35 (34.3%) alle-
les out of 102 for three mutations, i.e., c.93-21G>A,

c.25_26delAA, and c.315 + 1G >A. The percentage
prevalence of these mutations shows that c.93-
21G>A is the most frequent mutation (26.5%) whi-
le the second common mutation in these alleles is
c.25_26delAA with frequency 3.9% and the third
common mutation is ¢.315+1G>A (3.9%). The re-
sults are summarized in Table 2. We observed six
homozygous and fifteen heterozygous individuals
with the ¢.93-21G>A, only four heterozygous in-
dividuals with c¢.25_26delAA, and one homozygo-
us and two heterozygous individuals with the
¢.315-1G >A (Table 2). We compared our results
with those obtained in other regions of Turkey
(Table 3), and in other ethnic populations of neigh-
boring countries (Table 4). We did not detect any
compound mutations in this study. These three
mutations could not be detected in 23 of 51 pati-
ents by using ARMS-PCR technique.

I DISCUSSION

Each ethnic group has its own characteristic spec-
trum of mutations, with a few that are unique to a
particular region together with several rare ones.”
Recent molecular studies on Turkish HBB gene ha-
ve revealed the presence of more than 30 different
mutations associated with this disorder.”'® B-thal is
a major public health concern in Turkey; for the
country, the carrier frequency of f-thal is estima-
ted to be 2.1%, but in certain regions, this figure
increases to 10%.71718 In this study, we identified
and characterized the molecular basis of p-thal in
28 of 51 patients using ARMS-PCR. There were to-

TABLE 1: The sequences of primers used in this study.®

Internal control

Mutation Primer sequences PCR product (bp)

€.93-21G>A 5-ACCTCACCCTGTGGAGCCAC-3' (common) 419
5-ACCAGCAGCCTAAGGGTGGGAAAATACACC-3 (normal)
5-ACCAGCAGCCTAAGGGTGGGAAAATAGAGT-3 (mutant)

c.25_26delAA 5-CCCCTTCCTATGACATGAACTTAA-3' (common) 520
5-ACACCATGGTGCACCTGACTCCTGAGCAGA-3' (normal)
5-ACACCATGGTGCACCTGACTCCTGAGCAGG-3' (mutant)

€.315+1G>A 5-ACCTCACCCTGTGGAGCCAC-3' (common) 634

5-AAGAAAACATCAAGGGTCCCATAGACTGAC-3' (normal)

5'- AAGAAAACATCAAGGGTCCCATAGACTGAT-3 (mutant)
5-GAGTCAAGGCTGAGAGATGCAGGA-3' (1) 861
5-CAATGTATCATGCCTCTTTGCACC-3' (2)
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FIGURE 1: ARMS-PCR profiles of ¢.93-21G>A, and ¢.25_26delAA alleles of
HBB gene.

Lane M, DNA ladder; lane N, negative control (water); the ¢.93-21G>A: lane 1, GG geno-
type (wild type, normal); line 2, GA genotype (heterozygote, carrier); lane 3, AA geno-
type (homozygote mutant); the c.25_26delAA: lane 4, wild type (normal); lane 5,
heterozygote (carrier) (W: wild type allele, M: Mutant allele)

Va1 (A

FIGURE 2: ARMS-PCR profile of ¢.315+1G>A allele of HBB gene.

Lane M, DNA ladder; lane N, negative control (water); lane 1, GG genotype (wild type,
normal), lane 2: GA genotype (heterozygote, carrier); lane 3, AA genotype (homozygote
mutant) (W: wild type allele, M: Mutant allele).

tally 35 mutant alleles (34.3%) for c.93-21G>A,
c.25_26delAA, and ¢.315+1G>A on HBB gene.

The ¢.93-21G>A was diagnosed as the most
common mutation (26.5%) in this province (Table

2). This was the first study of p-thal mutations from
Sanlurfa province. The frequency (26.5%) of ¢.93-
21G>A was lower than the average of Turkey (39.3).
The highest frequency is recorded in the central
(52.3%) and Western regions of Turkey (34.1-
42.4%), and the lowest values in Eastern regions of
Turkey (26.4-26.6%).”17? However, our patient gro-
up and others had already reported this mutation
with different frequency rates in various regions of
Turkey as 52.3% in the Central Anatolia, 42.4% in
Aegean and Mediterranean Regions, 34.1% in Mar-
mara Region, 31% in Black Sea Region, 27.1% in
Eastern Anatolia Region, and 26.4% in the Southe-
astern Anatolia Region (Table 3). Our results were
similar with those reported in the literature for Sout-
heastern and Eastern Anatolia Regions of Turkey
(Table 3). The ethnic identities of the latter regions
seemed to be more preserved than the Western and
Southern coastal parts of Turkey, which displayed
greater heterogeneity. The c¢.93-21G>A mutation has
been known to be a typical Eastern Mediterranean
defect. The relative frequency of the c.93-21G>A
mutation decreases rapidly along the Northeast to So-
uthwest axis, reaching its maximum among Roma-
nia (31.3%), Turkish Cypriots (77%), Turkey
(39.2%), Greece (42%), Bulgaria (23.0%), Iran
(11.5%), Syria (24%), Azerbaijan (20.2%), and Leba-
non (34.2).>*17 Qur results were similar to the re-
sults obtained in Syrian populations (Table 4).

TABLE 2: Frequencies of three different B-thal mutations in Sanliurfa province.

Mutations Phenotype Number of alleles
€.93-21G>A B+ 27
c.25_26delAA pe 4
¢.315+1G>A B

Total - 35

Number of homozygous/heterozygous Frequency (%)
6/15 26.5
0/4 39
1/2 3.9
7/21 34.3

TABLE 3: Comparison of the frequency of three different 3-thal mutations among different regions of Turkey.

Mutations ~ Southeastern Anatolia * East Anatolia ~ Aegean and Mediterranean  Central Anatolia Marmara Black Sea Sanlurfa
Region 117 (%) Region 59 (%) Regions 198 (%) Region 111 (%) Region 88 (%) Region55 (%) province 102 (%)

€.93-21G>A 31 (26.4) 16 (27.1) 84 (42.4) 58 {52.3) 30 (34.1) 17 (31.0) 27 {26.5)
c.25_26delAA 5 (4.3 5 (8.4) 9 (4.6) 7(6.3) 7(8.0) 1(1.8) 4(3.9)
¢.315+1G>A 3 {2.6) 2 (3.4) 11 (5.6) 5(5.4) 3(34) 3(5.5) 4{3.9
Reference (7) 7 7 7) 7) 7 this study

*Values indicate the number of alleles, and values in parentheses indicate rate of alleles.
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The second most common mutation is
c.25_26delAA (3.9%). On the other hand, frequ-
ency of the c.25_26delAA mutation was reported
between 1.8% and 8.4%, in different regions of Tur-
key previously.” Our study and others had already
reported this mutation with different frequencies
in various regions of Turkey as 8.4% in the Eastern
Anatolia Region, 8.0% in the Marmara Region,
6.3% in the Central Anatolia Region, 4.6% in the
Aegean and the Mediterranean Regions, 4.3% in the
Southeastern Anatolia Region, and 1.8% in Black
Sea Region (Table 3). Our result was similar with
those reported in the literature for the Southeastern,
the Aegean and Mediterranean Regions of Turkey.
In addition, the data of ¢.25_26delAA was consis-
tence with the Bulgarian result (Table 4).

The third most common mutation in this regi-
on is c.315+1G>A mutation that constitutes about
3.9% (Table 2). On the other hand, this study and
others had already reported this mutation with dif-
ferent frequencies in various regions of Turkey as
5.6% in the Aegean and Mediterranean Regions,
5.5% in the Black Sea Region, 5.4% in the Central
Region, 3.4% in the Eastern Anatolia and the Mar-
mara Regions, and 2.6% in the Southeastern Ana-
tolia Region.> Our data were similar with those
reported in the literature for the Eastern Anatolia
and the Marmara Regions. However, the value ob-
tained in Sanlurfa province was lower than the So-
utheastern Anatolia Regions (Table 3). In the same
way, the frequency of the B-thal allele c.315 + 1G
>A in the neighboring countries’ populations, was
lower and higher. However, the frequency of this
mutation was similar to Syrian result (Table 4). Ho-
wever, we could not obtain compound mutations
in our patients.

Consanguineous marriages and population mig-
rations appear as important factors causing the high
frequency of this disease in Eastern and Southeastern
Anatolia populations of Turkey.”'” There are a num-
ber of consanguineous marriages in Sanhurfa popu-
lation. In the same way, the total fertility rate in
Sanliurfa province is 4.83, whereas it is 2.53 in Tur-
key as a mean. In addition, the rate of population
growth is 3.6 percent per year, much higher than the
national average of 1.8 percent.”!

Our results provide a foundation for prenatal
genetic testing and genetic counseling that wo-
uld be part of a thalassemia prevention program
in the Sanliurfa province. The application of the
knowledge about mutation pattern was found to
be beneficial since the mutations could be scree-
ned in the order in which they are present in our
population. Hence, it would not only help to re-
duce the screening cost but also to promote early
genetic counseling and prevention of an affected
child.

In conclusion, ARMS-PCR method was a ra-
pid and direct molecular technique in screening 3-
thal mutations in population surveys. There was
also a need to investigate other known mutations in
HBB gene in this region for prenatal analysis and
genetic counseling.
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TABLE 4: Comparison of the frequency of three different B-thal mutations studied in different populations.

Mutation Romania Turkey Cyprus Greece
32(%)* 795(%) 188(%) 1179(%)
¢.93-21G>A 10{31.25) 312(39.3) 131{69.9) 497(42.5)
¢.25_26delAA 43 (5.5) <1 <1
¢.315+1G>A 37 {(4.7) 104 (2.0)
References (5) 7) 8) 9)

Bulgaria Iran Syria Azerbaijan Lebanon
801(%) 130(%) 146(%) 99(%) 520(%)
184{23.0) 15(11.6) 35 (24.0) 20 (20.2) 178(34.2)
31(3.9) . <1 21(21.2) 13 (2.5)
7(0.9) 36 (27.7) 6{4.1) 5(5.5) 45(8.6)
(10) () (12) (13) (14)

*Values indicate the number of alleles, and values in parentheses indicate rate of alleles.

518

Turkiye Klinikleri ] Med Sci 2010;30(2)



Medical Biology

Dilmeg et al

Huisman TH. The structure and function of
normal and abnormal haemoglobins. Baillie-
res Clin Haematol 1993;6(1):1-30.

Lin CC, Draper PN, De Braekeleer M. High-
resolution chromosomal localization of the be-
ta-gene of the human beta-globin gene
complex by in situ hybridization. Cytogenet
Cell Genet 1985;39(4):269-74.

Old JM, Varawalla NY, Weatherall DJ. Rapid
detection and prenatal diagnosis of beta-tha-
lassaemia: studies in Indian and Cypriot pop-
ulations in the UK. Lancet 1990;336(8719):
834-7.

Keser I. [Molecular studies in hemoglobino-
pathies]. Turkiye Klinikleri J Pediatr Sci 2007;
3(10):5-10.

Talmaci R, Traeger-Synodinos J, Kanavakis
E, Coriu D, Colita D, Gavrila L. Scanning of
beta-globin gene for identification of beta-tha-
lassemia mutation in Romanian population. J
Cell Mol Med 2004;8(2):232-40.

Curtik MA, Arpaci A, Attila G, Tuli A, Kiling Y,
Aksoy K, et al. Genetic heterogeneity of beta-
thalassemia at Cukurova in southern Turkey.
Hemoglobin 2001;25(2):241-5.

Tadmouri GO, Tiizmen S, Ozgelik H, Ozer A,
Baig SM, Senga EB, et al. Molecular and po-
pulation genetic analyses of beta-thalassemi-
ain Turkey. Am J Hematol 1998;57(3):215-20.

Sozuoz A, Berkalp A, Figus A, Loi A, Pirastu
M, Cao A. Beta thalassaemia mutations in
Turkish Cypriots. J Med Genet 1988;25(11):
766-8.

Georgiou |, Makis A, Chaidos A, Bouba |, Hat-
zi E, Kranas V, et al. Distribution and frequ-
ency of beta-thalassemia mutations in north-
western and central Greece. Eur J Haematol
2003;70(2):75-8.

Turkiye Klinikleri ] Med Sci 2010;30(2)

10.

I REFERENCES

Petkov GH, Efremov GD. Molecular basis of
beta-thalassemia and other hemoglobinopat-
hies in Bulgaria: an update. Hemoglobin 2007;
31(2):225-32.

. Kiani AA, Mortazavi Y, Zeinali S, Shirkhani Y.

The molecular analysis of beta-thalassemia
mutations in Lorestan Province, Iran. Hemog-
lobin 2007;31(3):343-9.

. Kyriacou K, Al Quobaili F, Pavlou E, Christo-

poulos G, loannou P, Kleanthous M. Molecu-
lar characterization of beta-thalassemia in
Syria. Hemoglobin 2000;24(1):1-13.

. Kuliev AM, Rasulov IM, Dadasheva T,

Schwarz El, Rosatelli C, Saba L, et al. Tha-
lassaemia in Azerbaijan. J Med Genet
1994;31(3):209-12.

. Makhoul NJ, Wells RS, Kaspar H, Shbaklo H,

Taher A, Chakar N, et al. Genetic heteroge-
neity of Beta thalassemia in Lebanon reflects
historic and recent population migration. Ann
Hum Genet 2005;69(Pt 1):55-66.

. Zahed L. The Spectrum of beta-Thalassemia

Mutations in the Arab Populations. J Biomed
Biotechnol 2001;1(3):129-32.

. Ragusa A, Amata S, Lombardo T, Castiglia L,

Maier-Redelsperger M, Labie D, et al. Asym-
ptomatic and mild beta-thalassemia in ho-
mozygotes and compound heterozygotes for
the IVS2+1G-->A mutation: role of the beta-
globin gene haplotype. Haematologica 2003;
88(10):1099-105.

. Basak AN. The molecular pathology of beta-

thalassemia in Turkey: the Bogazigi university
experience. Hemoglobin 2007;31(2):233-41.

. Gulesken S, Oren H, Vergin C, Sanli N, Giilen

H, Ucar C, et al. Mutational analysis of beta-
thalassemia cases from the Aegean region of

20.

21.

22.

23.

24.

25.

26.

Turkey using an allele-specific oligonucleoti-
de hybridization technique. Acta Haematol
2000;104(4):181-4.

. Gupta A, Hattori Y, Agarwal S. Initiation codon

mutation in an Asian Indian family. Am J He-
matol 2002;71(2):134-6.

Khan SN, Riazuddin S, Galanello R. Identifi-
cation of three rare beta-thalassemia mutati-
ons in the Pakistani population. Hemoglobin
2000;24(1):15-22.

State Institute of Statistics (SIS), Prime Min-
istry Republic of Turkey. [NUfusun sosyal ve
ekonomik nitelikleri]. Census of Population.
Ankara: SIS Publication No. 2759; 2000. p.57-
239.

Quek DL, Ng YY, Wang W, Tan AS, Tang-Lim
Gl, Ng IS, et al. Rapid carrier screening for be-
ta-thalassemia by single-step allele-specific
PCR and detection. Clin Biochem 2007;40(5-
6):427-30.

Haj Khelil A, Laradi S, Miled A, Omar Tadmo-
uri G, Ben Chibani J, Perrin P. Clinical and
molecular aspects of haemoglobinopathies in
Tunisia. Clin Chim Acta 2004;340(1-2):127-
37.

Miller SA, Dykes DD, Polesky HF. A simple
salting out procedure for extracting DNA from
human nucleated cells. Nucleic Acids Res
1988;16(3):1215.

Lorey FW, Aropp J, Cunningham GC. Distri-
bution of hemoglobinopathy variants by ethni-
city in a multiethnic state. Genet Epidemiol
1996;13(5):501-12.

Keser |, Sanlioglu AD, Manguoglu E, Guze-
loglu Kayisli O, Nal N, Sargin F, et al. Mole-
cular analysis of beta-thalassemia and sickle
cell anemia in Antalya. Acta Haematol
2004;111(4):205-10.

519



