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ABSTRACT

3-thalassemia, a-thalassemia and sickle cell anemia are the three most common hemoglobinopathies in Turkey.
B-thalassemia major makes up 73%, sickle cell anemia 23% and Hb H disease 4% of total patients with hemoglo-
binopathy. The overall frequency of B-thalassemia is 2%. However, the frequency shows regional variations and in
some areas it is as high as 13%. Molecular studies indicated the presence of more than 35 different mutations as-
sociated with -thalassemia. In this study it was shown that five different mutations, namely IVSI-110 (G-A), IV-
SI-6 (T-C), IVSII-1 (G-A), IVSII-745 (C-G) and IVSI-1 (G-A) make up 71% of all B-thalassemia mutations. The
rate of consanguineous marriage in families with thalassemia major is %63. However, in 11% of these families, pa-
rents carry two different thalassemia mutations. The IVSI-1 (GAEA) mutation is most prevalent in the Aegean Re-
gion and it seemed that this mutation moved from this region toward Marmara, Black Sea, Middle, East and So-
uth-eastern Anatolia. The IVSII-745 (C-G) is most prevalent in the Mediterranean region and it moved toward
Central Anatolia, Black Sea and South-eastern Anatolia. Contrary to these two mutations FSC8 (-AA), IVSII-1 (G-
A) and -30 (T-A) mutations are most prevalent in Eastern Anatolia and they moved from this region to South-eas-
tern Anatolia, Mediterranean Region, Central Anatolia and Aegean Region. The frequency of various mutations in
Central Anatolia is very close to the mean figures given for Turkey indicating that these mutations are well mixed
in this region. Sickle cell anemia and sickle cell B-thalassemia are almost exclusively seen in eastern coast of Me-
diterranean Sea and in Thrace.

In Turkey, B-thalassemia mutations are very heterogeneous although frequencies of these mutations show some
regional differences there is no specific that -thalassemia mutation or distribution pattern that would aid in the
identification of any ethnic background.
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INTRODUCTION ya and Thrace (10% for both) and Mugla (4.8%)I!:2l.
Both Antalya and Mugla are located in the western

Although the overall frequency of B-thalassemia in ) : -
Mediterranean coast and Thrace is located in North-

Turkey is 2%, there are some significant regional diffe-

. . . [1.2] - ia i i
rences. The highest frequencies are observed in Antal- west!-=. The frequency of B-thalassemia is lowest in
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eastern and northern Anatolia. 3-thalassemia mutations
are very heterogeneous!!-3-8], In a previous study it was
shown that 7 mutations outline only 67% of all B-tha-
lassemia mutations! 1,61,

Regional differences in the frequency of various
mutations may give some clues regarding the migration
patterns and the ethnic background about the populati-
on studied!o].

MATERIALS and METHODS

A total of 412 chromosomes (206 patients) with B-
thalassemia major and 222 chromosomes (111 pati-
ents) with B-thalassemia intermedia and 430 heterozy-
gotes diagnosed at Hacettepe Thsan Dogramaci Child-
ren’s Hospital are the subjects of this study. None of
these subjects were relatives. Routine hematological
analysis was performed by conventional methods!9:101.
DNA analyses were performed using PCR and oligop-
rimers (ARMS technique). Sequence analysis was app-
lied for DNA samples when no mutation was detected
with ARMSI11.12],

RESULTS

The list and frequencies of the most common
mutations seen in B-thalassemia major and B-tha-
lassemia intermedia and distrubution pattern of the
mutations are given in Tables 1,2,3 and 4.

DISCUSSION

-thalassemia, abnormal hemoglobins and HbH di-
sease are present in Turkey!!-13] (Figure 1). According
to Association of Turkish Society of Hemoglobinopat-
hies there are 2733 registered patients. Seventy three
percent has B-thalassemia major or B-thalassemia In-
termedia, 23% other hemoglobinopathies and 3.6%
HbH diseasel!4] (Figure 1). Majority of the patients
with abnormal hemoglobin either has sickle cell ane-
mia or sickle cell/B-thalassemia diseasel!4]. The overall
frequency of B-thalassemia trait was reported to be 2%
in Turkeylll. However, the frequency and the number
of patients vary among different geographical are-
aslL:2], The highest frequency is found in the western
part of Mediterranean Sea (10-13%) and the lowest in
Eastern Anatolia (0.2%)[1:2]. The total number of B-
thalassemia mutations diagnosed in the Turkish B-tha-
lassemia major and B-thalassemia intermedia patients
are more than 3501381, The rate of consanguineous
marriage is found to be 63% which is slightly lower
than the previously reported. In 11% of these families
compound heterozygosity for B-thalassemia mutations
was present.

The most common 5 B-thalassemia mutations are
IVSI-110(G-A) which comprises 41% of the total mu-
tations, is followed by IVSI-6 (T-C) (10.3%), IVSII-1
(G-A) (8.1%), IVSII-745 (C-G) (6.2%) and IVSI-1 (G-
A) (5.7%), (Table 1). These 5 mutations make up 71%
of total mutations. This figure is slightly higher than

HbH

n= 103 (3.6%)

Abnormal Hb
n= 6578 (23.2%)

Homozygote 5 Thal
n= 2073 (73.2%)

B Homozygote B Thal
H HbH
[J Abnormal Hb

Figure 1. Hemoglobinopathies in Turkey (n= 2833).
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the figure found in a previous studylll. According to
Weatherall in Mediterranean and Middle Eastern co-
untries, 4 mutations [ 39 (C-T), IVSI-110 (G-A), IV-
SI-6 (T-C) ; IVSI-1 (G-A)] make up 75% of the total 3-
thalassemia determinants!!3]. An examination of pati-
ents as two distinct groups of thalassemia major and
thalassemia intermedia significantly effects the distri-
bution frequencies of the mutations (Tables 2,3). Fre-
quencies of mutations reported in previous studies and
that of found in this study are quite similarl16](Table 4).
Although IVS-110 mutation is the most common mu-
tation in all of these regions, the frequency varies from
47% in Mediterranean region to 27.5% in Marmara and
30% in Eastern Anatolia (Table 4). The second most
common mutation in overall Turkey is IVSI-6 (T-C)
mutation which is also the second most common muta-
tion in Marmara, Mediterranean, Central Anatolia and
Black Sea region while it is the 4th common mutation
in Agean Region. The second most common mutation
in Agean Region is IVSI-1. It seems that this mutation
moved towards east but not towards Mediterranean re-
gion (Table 4). The IVSII-745 (C-G) is the third most
common mutation in the Mediterranean region. It se-
ems that this mutation spread from this region to other
regions of the country. IVSII-1 (G-A), FSC8 (-AA) and
-30 (T-A) mutations probably originated from Eastern
Anatolia and moved towards Southe-eastern and Cent-
ral Anatolia and then to Mediterranean and Aegian Re-

Table 1. Frequencies of various mutations in B-tha-
lassemia major and intermedia

Mutation %

1 IVSI-110 (G-A) 40.88
2 IVSI-6 (T-C) 10.33
3 IVSI-1(G-A) 8.08
4 IVSII-745 (C-G) 6.20
5 IVSI-1(G-A) 5.72
6 FSC8 (-AA) 4.69
7 -30(T-A) 4.22
8 CD39 (C-T) 2.66
9 FSC38,9 2.63
10 Cd44 1.78
Others 12.56
Total 100.00
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Table 2. Frequencies of various mutations in B-tha-
lassemia major

Mutation %

1 IVSI-110 (G-A) 58.72
2 IVSI-1 (G-A) 5.58
3 1VSII-745 (C-G) 5.09
4 1IVSI-6 (T-C) 4.61
5 CD39 (C-T) 4.12
6 FSC8 (-AA) 3.39
7 FSC5 (-CT) 1.69
8 -30(T-A) 1.21
9 IVSI-130 (G-C) 1.21
10 Others 11.40
Total 100.00

Table 3. Frequencies of various mutations in B-tha-
lassemia intermedia

Mutation %

1 IVSI-6 (T-C) 26.57
2 IVSI-1 (G-A) 17.11
3 -30(T-A) 12.16
4 FSC8 (-AA) 11.71
5 Delta/beta 9.03

6 IVSI-110 (G-A) 5.40

7 422 (G-A) 1.35

8 -28 0.90

9 PolyA 0.90

10 -87 0.90

Others 13.97*
Total 100.00

*%3.6 alfa triplication.

gions (Table 4).

Except for very rare individual mutations, majority
of the mutations have been encountered in all regions.
However, the total number of the mutations per region
varies. The number of mutations is 16 in Mediterrane-
an, 21 in Aegean Region, 15 in Marmara and, 15 in
Central Anatolia, 11 in Black Sea and 9 in Eastern
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Table 4. Frequencies of various mutations found in this study in various geographical parts of Turkey*

Total South-
number of Mediter- Black Central Eastern East
Mutation chromosomes %** Marmara Aegean ranean Sea Anatolia  Anatolia Anatolia
IVSI-110 (G-A) 435 40.88 275 43.47 47.17 30.76  43.42 30.0 41.17
IVSI-6 (T-C) 110 1033 225 6.08 12.82 20.0 9.71 3.36
IVSII-1 (G-A) 86 8.08 7.5 4.34 7.69 10.0 3.42 6.66 12.60
IVSII-745 (C-G) 66 6.20 2.5 6.52 10.25 7.5 9.71 2.52
IVSI-1 (G-A) 61 5.73 10.0 13.47 2.56 5.0 5.14 33 2.52
FSC8 (-AA) 50 4.69 2.5 2.17 2.56 2.5 8.0 16.6 6.72
-30 (T-A) 45 422 1.30 1.53 4.57 13.3 11.76
CD39 (C-T) 31 291 2.5 4.34 1.53 2.5 5.71
FSC8,9 (+G) 28 2.63 25 4.78 1.02 3.42 13.3 3.36
Cd44 (-C) 19 1.78 1.30 2.05 5.0 1.14 10.0 5.88
FSCsS (-CT) 13 1.22 5.0 0.43 1.53 5.0 1.14 0.84
IVSI-130 (G-C) 9 0.84 0.86 1.53
FSC6 (-AA) 7 0.64 0.43 0.51 1.71
IVSI-116 (T-G) 6 0.56 2.5 0.86 0.57
PolyA 6 0.56 2.5 5.0 0.84
IVSI-5 (G-C) 6 0.56 5.0 2.17 0.51 1.68
+22 (G-A) 5 0.46 25 0.43
IVSII-848 (C-A) 5 0.46 0.43 1.68
FSC36-37 4 0.37 0.86
IVSI-5 (G-T) 3 0.28
-87 (C-T) 2 0.18 1.68
IVSI-1 (G-T) 2 0.18
-28 (A-C) 2 0.18 1.68
FSC15 (G-A) 2 0.18 1.14
FSC74,75 (-C) 2 0.18 1.68
-101 (C-T) 1 0.09 2.5
IVSI-5 (G-A) 1 0.09 0.43
IVSI-130 (G-A) 1 0.09 33
CD37 (G-A) 1 0.09 25
Hb knossos 2 0.18 0.43 0.51
Delta beta 22 2.06 1.30 1.02 5.0 4.57
Del-N-Del 2 0.18 6.6
Unknown 29 2.72 3.47 5.12 1.14
Total 1064 100 100 100 100 100 100 100 100

* One subject from each family.

** Present study
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Table 5. Frequencies of various B-thalassemia mutations found in neighbouring countries*

Mutation Number of the

chromosomes %** Greece Italy Iran Syria  Azerbaijan Macedonia Bulgaria
IVSI-110 (G-A) 435 40.88  58.32 11.21  6.81 444 2020 47.30 24.75
IVSI-6 (T-C) 110 1033 7.08 7.54 6.06 7.07 18.56 7.35
IVSII-1 (G-A) 86 8.08 1.18 1.48 1590 2.7 21.21 0.59 1.71
IVSII-745 (C-G) 66 6.20 472 2.78 8.33 16.6  3.03 2.99 4.16
IVSI-1 (G-A) 61 5.73 10.1 39 35 16.6 2.1 8.9 32
FSC8 (-AA) 50 4.69 0.65 0.05 3.03 21.2 1.19 1.22
-30 (T-A) 45 422 0.06 - 2.02 1.19 0.24
CD39 (C-T) 31 291 1257  66.84 5.30 11.1 2.02 2.99 24.26
FSC8,9 (+G) 28 2.63 0.06 - 3.78 2.02 0.40
Cd44 (-C) 19 1.78 - 0.11 227 3.03 0.49
FSC5 (-CT) 13 1.22 0.35 0.03 2.99 7.10
IVSI-130 (G-C) 9 0.84 - 0.08
FSC6 (-AA) 7 0.64 1.71 1.9 4.19 5.88
IVSI-116 (T-G) 6 0.56 - 0.05
PolyA 6 0.56 0.06 - 2.39 0.24
IVSI-5 (G-C) 6 0.56 - 0.11 6.06 1.01
+22 (G-A) 5 0.46 - - 1.01 0.49
IVSII-848 (C-A) 5 0.46 0.12 - 1.19
FSC36-37 (-T) 4 0.37 - - 1.51 2.02 0.24
IVSI-5 (G-T) 3 0.28 - -
-87 (C-T) 2 0.18 - 0.02
IVSI-1 (G-T) 2 0.18 - -
-28 (A-C) 2 0.18 - - 1.01
FSCI15 (G-A) 2 0.18 - -
FSC74,75 (-C) 2 0.18 - -
-101 (C-T) 1 0.09 0.18 0.25 0.75 0.24
IVSI-5 (G-A) 1 0.09 10.09  0.05
IVSI-130 (G-A) 1 0.09 - -
CD37 (G-A) 1 0.09 - -
Hb knossos 2 0.18 - -
Delta beta 22 2.06 0.12 -
Del-N-Del 2 0.18 -
Unknown 29 2.72 1.30 1.24 31.81 83 0 2.99 7.84
Total 1064 100 1694 5940 132 36 99 167 408

* See reference 16 for countries other than Turkey.
** Present study
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Anatolia (Table 4).

Comparison of the frequencies of several mutati-
ons to those in some of the neighboring countries
shows that the IVSI-110 (G-A) emerges as the most
common mutation in Syria, Macedonia, Greece and
Bulgaria. The order of frequency for other mutations,
however, is different(15.16](Table 5). Interestingly, -30
(T-A) mutation which is more common in Eastern and
Southeastern Anatolia, is present in small numbers in
Macedonia, Bulgaria and Greece but not in Iran or
Syriall5:16](Table 5). The IVSI-1 (G-A) mutation,
which is highly prevalent in Marmara and Aegian Sea
regions in Turkey is also one of the 4 most common
mutation present in Mediterranean and Middle Eastern
countries[13)(Table 4,5). The IVSI-130 (G-C) mutati-
ons which are exclusively seen in subjects originating
from the city of Burdur in Mediterranean region has
not been reported from any other countries.

The most common B-thalassemia mutations associ-
ated with B-thalassemia intermedia are IVSI-6 (T-C)
(26%), IVSII-1 (G-A) (17%), -30 (T-A) (12.2%), FSC8
(-AA) (12%) and dB-thalassemia (9%) (Table 3). Asso-
ciation of one of the -thalassemia mutations and trip-
lication of a-gene is one of the common causes of B-
thalassemia intermedia in Turkeyl!7](Table 3). The fre-
quencies of these mutations show some variations in
the seven geographical regions of Turkey. IVSII-1 (G-
A) and FSC8 (-AA) both are 3°-thalassemia mutations
associated with mild thalassemia. These two mutations
are the two most common mutations of Azerba-
ijan(15.16] (Table 5).

Sickle cell anemia is the second most common he-
moglobinopathy in Turkey. Although almost all of the
S mutations are exclusively associated with haplotype
19 (Benin) type, in HbS/B-thalassemia disease revealed
the presence of more than 9 different 8-thalassemia
mutations in trans of HbS mutation(18-201 (Table 6).
This indicates that although HbS mutation is present in
a closed population, gene exchanges with other groups
had occurred in the past in this population. Presence of
six different types of dB-thalassemia and 4 different
types of d-thalassemia further support the notion of he-
terogeneity in thalassemia (Tables 7,8).

CONCLUSION

This study supports the previous observations that
the frequency of several mutations varies from one re-
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gion to another. -thalassemia mutations are very hete-
rogeneous and there is no specific distribution pattern
that would aid in the identification of any ethnic backg-
round.

REFERENCES

1. Altay C, Basak AN. Molecular basis and prenatal diag-
nosis of hemoglobinopathies in Turkey. Int J Pediatr He-
matol Oncol 1995;2:283-90.

2. The results of Turkish Society of hemoglobinopathies.
III. National Congress of Pediatric Hematology, 17-20
October, 2001, Ankara, Turkey.

3. Oner R, Altay C, Gurgey A, Aksoy M, Kilinc Y, Sto-
ming TA, Reese AL, Kutlar A, Kutlar F, Huisman TH. -
thalassemia in Turkey. Hemoglobin 1990;14:1-13.

4. Aulehla-Scholz C, Basaran S, Agaoglu L, Arcasoy A,
Holzgreve W, Miny P, Ridolfi F, Horst J. Molecular ba-

Table 6. Genotype of the patients with Sickle B-thalas-
semia

Number

Genotype of the patients %
IVSI-110/S 20 42.55
IVSI-1 (G-A)/S 6 12.76
IVSII-745/S 6 12.76
IVSII-1/S 3 6.38
IVSI-6/S 2 4.25
Cd39/S 2 4.25
Cd44/S 2 4.25
-30/S 2 4.25
FSC8/S 1 2.12
S 3 6.38
Total 47 100

Table 7. Molecular pathology of dB-thalassemias in
Turkey

1-GgA g (dB)°-thalassemias

Sicilian (deltabeta)°-thal (*13.37 bp)*

Turkish (deltabeta)°-thal (*30 kb)

Turkish (del-inver-del) (11.5 kb, 7.6 kb, 1.6 kb)
2-Gg (AgdB)°-thalassemias

Turkish Gg (AgdB)°-thal (*36 kb)

Turk J Haematol 2002;19(2):309-315



The Frequency and Distribution Pattern of 8-Thalassemia Mutations in Turkey Altay C.

Table 8. Delta-thalassemia mutations fetal globin in hemoglobin S homozygotes. Blood
1992;79:813-9.

1- Codon 27 (GCC- > TCC) 19. Aluoch JR, Kilinc Y, Aksoy M, Yuregir GT, Bakioglu I,
Kutlar A, Kutlar F, Huisman TH. Sickle cell anaemia

2-IVSI-2 (T- > C) among Eti-Turks: Haematological, clinical and genetic

3- Codon 59 (-A) observations. Br J Haematol 198?;64:45—55.

20. Altay C, Oner C, Oner R, Mesci L, Balkan H, Tuzmen
4- 7.2 kb Corfu deletion S, Basak AN, Gumruk F, Gurgey A. Genotype-phenoty-
pe analysis in HbS-beta-thalassemia. Hum Hered
1997;47:161-4.

sis of B-thalassemia in Turkey: Detection of rare mutati-

ons by direct sequencing. Hum Genet 1990;84:195-7. Address for Correspondence:
5. Diaz-Chico JC, Yang KG, Stoming TA, Efremov DG, Cigdem ALTAY, MD

Kutlar A, Kutlar F, Aksoy A, Altay C, Gurgey A, Kiling

Y, Huisman THJ. Mild and severe B-thalassemia among Department of Pediatrics

homozygotes from Turkey: Identification of the types by Pediatric Hematology Unit

hybridization of amplified DNA with synthetic probes.
Blood, 1988;71:248-251.

6. Basak AN, Ozcelik H, Ozer A, Tolun A, Aksoy M, Aga-
oglu L, Ridolfi F, Ulukutlu L, Akar N, Giirgey A, Kirdar
B. The molecular basis of 3-thalassemia in Turkey. Hum
Genet 1992;89:315-8.

7.  Gurgey A, Altay C, Diaz-Chico JC, Kutlar F, Kutlar A,
Huisman TH. Molecular heterogeneity of -thalassemia
intermedia in Turkey. Acta Haematol 1989;81:22-7.

8. Altay C, Giirgey A. B-thalassemia in Turkey. Hematol
Rev 1992;6:77-81.

9. Betke K, Marti HR, Schlicht I. Estimation of small per-
centages of foetal hemoglobin. Nature 1959; 184:1877-
8.

10. Huisman THIJ, Jonxis JHP. The hemoglobinopathies.
Techniques of Identification: Clinical and Biochemical
Analysis. New York: Marcel Dekker, 1977, Vol 6.

11. Old JM, Varawalla N, Weatherall DJ. Rapid detection
and prenatal diagnosis of B-thalassemia: Studies in Indi-
an and Cyproit populations in the UK. Lancet
1990;336:834-6.

12. Sanger F, Nicklen S, Coulson AR. DNA sequencing
with chain terminating inhibitors. Proc Natl Acad Sci
USA 1977;74:5463-9.

13. Oner C, Giirgey A, Oner R, Balkan H, Giimriik F, Bay-
sal E, Altay C. The molecular basis of HbH disease in
Turkey. Hemoglobin 1997;21:41-51.

14. Akar N, Altay C, et al. The results of national hemoglo-
binopathy registry. XXV. National Congress of Hemato-
logy, 12-15 November, 1997, Istanbul, Turkey.

15. Weatherall DJ, Clegg JB. The Thalassemia Syndromes.
4th ed., Blackwell Scientific Publications, 2001

16. Huisman THJ, Carver MFH, Efremov GD. A Syllabus
of Human Hemoglobin Variants 27 ed. The Sickle Cell
Anemia Foundation, Augusta, GA, 1998.

17. Altay C, Oner C, Oner R, Gumruk F, Mergen H, Gurgey
A. Effect of alpha-gene numbers on the expression of -
thalassemia intermedia, B-thalassemia and (delta beta)0-
thalassemia traits. Hum Hered 1998;48:121-5.

18. Oner C, Dimovski AJ, Altay C, Gurgey A, Gu YC, Hu-
isman THJ, Lanclos KD. Sequence variations in the 5'
hypersensitive site-2 of the locus control region of beta
S chromosomes are associated with different levels of

Hacettepe University
Ankara, TURKEY

Turk J Haematol 2002;19(2):309-315 315



