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In this report we describe the molecular analysis of 795 chromosomes derived from
unrelated Turkish B-thalassemia and sickle cell anemia carriers identified in hematology
clinics in Istanbul, Ankara, Izmir, Adana, and Antalya. The determination of the molecular
pathology of 754 B-thalassemia and 42 abnormal hemoglobin genes and analysis of the
frequency distribution in six distinct regions of Turkey was accomplished. The experi-
mental strategy, based on PCR amplification of the B-globin gene, included dot-blot
hybridization with 18 probes specific for the Mediterranean populations, denaturing gra-
dient gel electrophoresis, and genomic sequencing. When the regional results are com-
pared with the overall frequency of mutations in the country, it is observed that the
frequencies in the western and southern parts of Turkey are in good accordance with the
overall distribution, whereas the northern and eastern parts have a more region/
population-specific profile with some rare mutations having a significantly high occur-
rence in these regions. Further evaluation of the data with respect to region- or popula-
tion-dependent differences will contribute to a better understanding of the mechanisms
leading to the marked genetic heterogeneity in Turkey, but could also be extremely
valuable in facilitating rapid identification of mutations in families at risk for different
hemoglobinopathies. Am. J. Hematol. 57:215-220, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION B-Thalassemia, represented with a gene frequency of
2% in Turkey, is reflected by a wide spectrum of clinical
B-Thalassemia is an autosomal recessive disordeanifestations ranging frofa-thalassemia intermedia to
characterized by microcytosis and hemolytic anemigevere, transfusion-dependedthalassemia major [5].
which is a result of the reduced synthesis of fhglobin  Recent molecular studies on Turkighthalassemia
chains of hemoglobin [1]. The disorder affects about 13enes revealed the presence of more than 30 different
million people in the Mediterranean, West Africa, anghytations associated with the disorder [6]. Such a great
large parts of Asia [2]. Although there are now more than
180 known B-thalassemia mutations worldwide [3], a

smaller collection of alleles accounts for the inactivatioffontract grant sponsor: UNESCO/UNDP; Contract grant number:
UR-86-011; Contract grant sponsor: Bamd University (1990—

of most B-globin genes in each population or ethn"i997); Contract grant sponsor: Scientific and Technical Research

group [4]. Council of Turkey (TBBITAK); Contract grant number: TBAG-1160;
Turkey is one of the largest countries of the Middl€ontract grant sponsor: Technology Development Foundation of Tur-

East occupying the whole of classical Asia Minor (Anakey; Contract grant number: TTGV-086.

tOIIa) and a small portion O.f Eastern Thrace in Europ.g(‘:orrespondence to;.gizmen, NIH, NIDDK, Laboratory of Chemi-

As a crossroad betV\_/eer_1 Asia _ano! Europe, _such a posnkglpBiology’ Bethesda, MD 20892-1822.

has allowed extensive intermingling of racially and cul-

turally distinct groups since early prehistoric times.  Received for publication 28 May 1997; Accepted 8 October 1997
© 1998 Wiley-Liss, Inc.
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Fig. 1. Map of Turkey showing the six regions studied: O Marmara region, [0 Aegean and Mediterranean region, [ Central
Anatolia, [0 South Eastern Anatolia, [ Black Sea region, [0 East Anatolia.

mutational diversity poses rather large problems in def genomic DNA [9] was performed using different sets

signing prevention programs. of primers: one extending from -140 ntt the gene to
This study, including detailed family histories fromlVS-II-70, and the other from IVS-11-597 to 199 nt &

B-thalassemia and sickle cell anemia (HbS) carriers, airtiee gene. The resulting segments, 704 and 560 nt, re-

to trace the precise geographic origins of the variospectively, contain most of the known mutant sites spe-

alleles identified in Turkey. We have investigated theific for the Mediterranean populations.

molecular pathology of 79B-thalassemia genes from

six different regions of Turkey (Fig. 1) to study the gecAnalysis of Mutations

graphic distribution of mutations. Dot-blot hybridization was performed as described by
Diaz-Chico et al. [10]. The oligonucleotide probes used
MATERIALS AND METHODS in this study were designed to define the most common
mutations known to be present in the Mediterranean Ba-
Probands sin and the Near/Middle East. Some of the mutations

A total of 795 randomly selected Turkighthalasse- were detected by either using the amplification refractory
mia and HbS chromosomes from carriers, who attendBtitation system (ARMS; [11]) or the denaturing gradi-
different hospitals in Istanbul, Ankara, Izmir, Adana, an@nt gel electrophoresis (DGGE) analysis [12]. DNA
Antalya, participated in this study. These medical centef@mples showing migration patterns different from the
with fully equipped hematology clinics are considered t@nes displayed by the comm@@nathalassemia mutations
be largely representative for whole Turkey. The majorityere subjected to genomic sequencing using the asym-
of individuals selected were from one hundred differegetric amplification procedure [13,14].
towns in Turkey; the rest consisted of immigrant Turks
from the Balkan countries, Cyprus, and the Near EaRESULTS
Special care was given to ensure that the patients wer

neither pre-selected nor related. Gn this report we describe the molecular analysis of

795 unrelated chromosomes derived from Turkish
thalassemia and HbS carriers. Hybridization of DNA
samples with 18 oligonucleotide probes and DGGE
Blood samples were collected in EDTA-containingnalysis combined with genomic sequencing allowed the
tubes. DNA was extracted from white blood cells accordietection of 31 different mutations in the chromosomes
ing to two different methods [7,8]. In vitro amplificationinvestigated. The overall distribution and frequencies of

DNA Isolation and PCR Amplification
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TABLE |. Frequency and Regional Distribution of B-Thalassemia Mutations and Some Abnormal Hemoglobins in Turkey*

Aegean and South Overall

Marmara Mediterranean Central Eastern Black Sea  East Immigrant Unknown distribution
Mutation Type region region Anatolia  Anatolia region Anatolia Turks origin in Turkey
IVS-1-110 (G-A) BT 30(34.1) 84 (42.4) 58(52.3) 31(26.4) 17(31.0) 16(27.1) 29 (47.7) 47 (44.4) 312 (39.3)
IVS-1-6 (T-C) BT 13(14.8) 25 (12.6) 8(7.2) 10 (8.5) 6 (10.9) 6 (10.2) 6(9.8) 6 (5.7) 80 (10.1)
FSC-8 (-AA) B° 7(8.0) 9 (4.6) 7(6.3) 5(4.3) 1(1.8) 5(8.4) 4 (6.6) 5(4.7) 43 (5.5)
IVS-1-1 (G-A) B° 8(9.1) 13 (6.6) 5(4.5) 1(0.9) 1(1.8) 3(5.1) 6 (9.8) 3(2.8) 40 (5.0)
IVS-11-745 (C-G) B* 4 (4.6) 9 (4.6) 8(7.2) 7 (6.0) 6 (10.9) 1(1.7) 4 (6.6) 1(0.9) 40 (5.0)
IVS-1I-1 (G-A) ge 3(3.4) 11 (5.6) 6 (5.4) 3(2.6) 3(5.5) 2(3.4) — 9(8.5) 37 (4.7)
Cd 39 (C-T) g° 4 (4.6) 5(2.5) 4(3.6) 1(0.9) 2 (3.6) 2(3.4) 4 (6.6) 8 (7.6) 30 (3.8)
=30 (T-A) B* — 5(2.5) 2(1.8) 8(6.7) 5(9.1) 5(8.5) — — 25(3.1)
FSC-5 (-CT) go 3(3.4) 3(1.5) 2(1.8) 4(3.4) 1(1.8) — — 4(3.8) 17 (2.2)
FSC-8/9 (+G) go 2(2.3) — 2(1.8) — 1(1.8) 3(5.1) — 2(1.9) 10 (1.3)
FSC-44 (-C) B° 1(1.1) — 2(1.8) 3(2.6) — 1(1.7) — 3(2.8) 10 (1.3)
IVS-I-5 (G-C) B* — 4(2.0) 3(2.7) 1(0.9) — 1(1.7) — — 9(1.1)
-87 (C-G) B* 1(1.1) 1(0.5) — — 4(7.3) — — — 6(0.8)
Poly A (TAA-TGA) B* — — — 1(0.9) 1(1.8) 1(1.7) — 1(0.9) 4(0.5)
FSC-6 (-A) g° 1(1.1) — — 1(0.9) — — — 1(0.9) 3(0.4)
IVS-11-848 (C-A) B* 1(1.1) — — 1(0.9) — — 1(1.6) — 3(0.4)
IVS-1-116 (T-G)* go 1(1.1) — — — — — 1(1.6) — 2(0.2)
FSC-74/75 (-C)** gO — — — — — 1(1.7) — — 1(0.1)
-101 (C-T)* B* 1(1.1) — — — — — — — 1(0.1)
-28 (A-C)* B* — 1(0.5) — — — — — — 1(0.1)
Cd 15 (G-A)* ge — — — — 1(1.8) — — — 1(0.1)
Cd 27 (G-T)* B* — — — — — — 1(1.6) — 1(0.1)
3’-UTR (-13 bp)** B* — — 1(0.9) — — — — — 1(0.1)
FSC 22-24 (-7 bp)** B° — — — 1(0.9) — — — — 1(0.1)
FSC 36/37 (-T)* ge — — — — — 1(1.7) — — 1(0.1)
IVS-1-130 (G-A)* g° — — — — — — 1(1.6) — 1(0.1)
-290 bp deletion* Bo — — — — — 1(1.7) — — 1(0.1)
Hbs gs — 5(2.5) — 28 (23.8) 1(1.8) 1(1.7) 1(1.6) 3(2.8) 39 (4.9)
HbD Los Angeles BgP — — — 1(0.9) — — — — 1(0.2)
HbE Saskatoon BE — 1(0.5) — — — — — — 1(0.2)
dp-Thalassemia 3B — — — — — — 1(1.6) — 1(0.1)
Unknown 8(9.1) 22 (11.1) 3(2.7) 10 (8.5) 5(9.1) 9 (15.2) 2(3.3) 13(12.3) 72(9.1)
Total 88 (11.1) 198 (24.9) 111 (13.9) 117 (14.7) 55(6.9) 59 (7.5) 61 (7.7) 106 (13.3) 795 (100.0)

*Values indicate the number of chromosomes and values in parentheses indicate percentages. Mutations followed by (*) mark are rare and by (**) are
novel.

these mutations are shown in Table I. The IVS-I-110 Table | also lists the relative frequencies of the 31
(G-A) mutation is the most commo-thalassemia de- mutations, classified to six different regions of Turkey.
fect in Turkey, followed in decreasing order by IVS-I-6Nith respect to our total number of identified abnormal
(T-C), frameshift codon 8 (-AA) [FSC-8 (-AA)], IVS-I-1 chromosomes the percentage in each region is: Marmara
(G-A), IVS-1I-745 (C-G), IVS-II-1 (G-A), Cd 39 (C-T), Region (11.0%), Aegean/Mediterranean Region (24.9%),
-30 (T-A), FSC-5 (-CT) lesions, all of which have fre-Central Anatolia (13.9%), Southeastern Anatolia
guencies above 2%. Th&thalassemia and HbS muta<{14.7%), Black Sea Region (6.9%), and East Anatolia
tions, identified in the framework of this study, compris€7.5%). Turks from Balkan countries, Cyprus, and the
85.7 and 4.9% of the diseased globin genes we identifibléar East are considered as a seventh distinct group
in Turkey, respectively, adding up to 90.6%. Three singl@.7%). The 106 chromosomes whose origins could not
cases of HbD Los Angeles, HbE Saskatoon, @afd be traced are displayed in a separate column (13.3%;
thalassemia are also shown to be present (0.3%), whitable I).

were initially diagnosed on the basis of their hematology.

HbD and HbE Saskatoon were confirmed by EcoRl d._ISCUSSION

gestion and direct sequencing, respectively. The muta-
tions in 72 out of 795 chromosomes (9.1%) could not be Consistent with the history of Turkey, which is situ-
identified so far. ated at the meeting point of three continents and stands as
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TABLE Il. Comparison of the Percentage of the Most Common B-Thalassemia Mutations in Several Populations of the Eastern
Mediterranean and Continental Areas

Mutation Greece Bulgaria Turkey Azerbaijan Iran Lebanon Cyprus
IVS-1-110 (G-A) 42.4 24.2 39.3 20.2 4.7 48.5 79.7
IVS-1-6 (T-C) 7.2 10.2 10.1 7.1 9.4 6.9 6.2
FSC-8 (-AA) 0.6 55 55 21.2 — 3.4 0.2
IVS-1-1 (G-A) 13.2 3.1 5.0 2.0 4.7 9.8 5.9
IVS-1I-745 (C-G) 6.9 10.2 5.0 3.1 4.7 3.4 5.5
Cd 39 (C-T) 17.0 21.9 3.8 2.0 1.6 1.5 2.4
FSC-8/9 (+G) 0.3 5.5 1.3 2.0 7.8 — —
Others 12.4 194 30.0 42.4 67.1 26.5 0.1
References [16] [17] [18] [19] [20-23] [24]

a crossroad between Asia and Europe, the country hasTurkish citizens residing in the Marmara region
attracted migrations of different populations; thus it ha@.6%) as well as in those originating from the Balkan
an ethnic diversity unparalleled in any other country afountries, namely Greece, Bulgaria, Romania, former
the Mediterranean region. This admixture is the probabYaigoslavia, and Albania (6.6%). Less frequent inci-
cause of the large number @-thalassemia mutationsdences were observed elsewhere in Turkey (Table I).
observed in Turkey. This may be due to the fact that this mutation is primarily
SincepB-thalassemia is the most common single gersewestern Mediterranean abnormality [26]. A similar ob-
defect in Turkey, many studies have been conducteddervation is noted for the G-A substitution at IVS-I-1,
investigate its molecular basis [6]. Previously, only ongeen mainly in the belt extending from Czech/Slovakia
study was known to aim at defining the regional distrii27] to Egypt [28] through Hungary [29], former Yugo-
bution of 3-thalassemia mutations in Turkey [15]. Howslavia [30], Greece [16], and Cyprus [24]. This, most
ever, that study did not reveal a notable regiorikely, accounts for the higher representation of this mu-
specificity, most probably due to the arbitrary division ofation in the Marmara (9.1%), Aegean and Mediterranean
the map of Turkey, which was not according to the momegions (6.6%) and in Turkish people originating from
usual regional demarcations. In addition, the number tife Balkan countries (9.8%; Table I). The sevptremu-
chromosomes analyzed was only 139, and only sometafion at IVS-II-745 (C-G) is mainly confined to the
the most common mutations were considered. Turkish coasts extending from the Black Sea, Marmara
In this study the IVS-1-110 (G-A) substitution, a seSea, Aegean Sea, to the Mediterranean Sea (Table I). The
vere B* mutation, was the most frequent allele in alpresence of the IVS-1I-745 mutation in these regions re-
regions. However, notable occurrences concerning tfiects the route that was followed during the 12th and
frequency of this mutation in the different regions studt3th centuries by the hundreds of thousands of Crusaders
ied are observed. The highest frequencies were recordedding to Jerusalem, who may have introduced new
in the central (52.3%) and western regions of Turkeyenetic elements in these parts of the country. Another
(34.1-42.4%), whereas these figures decline to their lomteresting observation is the significant concentration of
est values in eastern Turkey (26.4-26.6%). The IVS-he rarel* promoter mutation T-A at position —30 in the
110 mutation is known to be an eastern Mediterrane&astern and Northern regions of Turkey where it is ob-
defect (Table II); this fact may explain why the frequencgerved in frequencies ranging from 6.7-9.1%, a figure
of this mutation tends to be low in the eastern inlands obt observed anywhere else in the world. This suggests
Turkey. The IVS-1-6 (T-C) mutation is equally distrib-that this mutation may have originated in this region. The
uted in the different Turkish regions discussed. This is jprevalence of the FSC 8/9 (+G) mutation in East Anato-
complete accordance with the data known about thia (5.0%), however, may be a result of it being present
countries neighbouring Turkey (Table I). The dinucleoproximal to what was known as the Great Silk Road,
tide deletion at codon 8, originally detected in a Turkistvhich extends from Xian in China through the Indian
patient [25], is observed to occur mostly in East Anatoli@ubcontinent to Iran. In addition to the common muta-
(8.3%) and the Marmara region (8.0%). Interestinglyions, three novel and eight rare lesions were detected in
this mutation is present at high frequencies in Azerbaijahe framework of this study, using genomic sequencing
[18], which could account for its strong presence in Eaétable 1) [31-33]. Approximately 9% of the chromo-
Anatolia. The recent general pattern of migration frormomes investigated in this study remained unidentified.
the rural eastern provinces towards the coal and met&heir analysis will be the topic of another publication.
lurgical districts in the Northwest may also explain the Most of the diagnosed HbS genes belong to the South
relatively high presence of the same mutation in the MaEast Anatolia region where the gene occurs at a fre-
mara region. The Cd 39 (C-T) mutation is mainly founduency of 23.8%. A certain part of this region is mainly
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speculated that Eti-Turks had immigrated into Turketal; Dr. N. Akar, Ankara University, Children’s Hospital;
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