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ABSTRACT

Beta-thalassemia is one of the most common genetic disorders in Turkey as well as in several other Me-

diterranean countries presenting microcytosis and hemolytic anemia. The city of Denizli is located in the inner

part of the Aegean geographical region of Turkey. The beta-thalassemia incidence in Denizli province is in bet-

ween 2.6-3.7% reported by different researchers. According to our results; the IVS-1/nt-110 (G>A) is the most

frequent mutation type in our province the same as other geographical regions of Turkey. Here we report al-

so two HbD-Los Angeles/beta-thalassemia combinations, which are HbD-Los Angeles/codon 39 (C>T) and

HbD-Los Angeles/IVS-1/nt-1 (G>A), respectively. In conclusion, our preliminary results show the heterogeneity

of the beta-thalassemia mutations in the province of Denizli. 
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ÖZET

Denizli bölgesinde beta-talasemi mutasyonlar›

Beta-talasemi, özellikle Akdeniz ülkelerinde ve Türkiye’de görülen, mikrositoz ve hemolitik anemi tablosu

ortaya koyan en yayg›n kal›tsal bozukluklardan bir tanesidir. Denizli ili, Ege Bölgemizin iç kesiminde yer almak-

tad›r. Denizli yöresindeki beta-talasemi da¤›l›m›, çeflitli araflt›r›c›lar›n verdikleri sonuçlara göre %2.6-3.7 aras›n-

dad›r. Elde etti¤imiz sonuçlarda bölgemizde en s›k görülen beta-talasemi mutasyonu IVS-1/nt-110 (G>A) ola-

rak saptanmaktad›r. Ayr›ca bu çal›flmam›zda iki tane HbD-Los Angeles/beta-talasemi kombinasyonu rapor edil-

mektedir. Bu kombinasyonlar s›ras› ile HbD-Los Angeles/codon 39 (C>T) and HbD-Los Angeles/IVS-1/nt-1

(G>A) fleklinde tan›mlanm›flt›r. Özet olarak çal›flmam›zda elde edilen veriler, Denizli yöresindeki beta-talasemi

mutasyonlar›n›n heterojen yap›da oldu¤unu göstermektedir.
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INTRODUCTION

Beta-thalassemia is one of the most com-
mon genetic disorders in Turkey as well as in
several other Mediterranean countries pre-
senting microsytosis and hemolytic ane-
mia[1-3]. Research on beta-thalassemia and
other hemoglobin disorders in Turkey had
been initiated by Aksoy et al in 1941[4]. In
1971, the prevalence of beta-thalassemia in
Turkey was reported as 2%[1]. There are
many research studies on the prevalance of
beta-thalassemia regarding to the distributi-
on on country scale in Turkey[4-9]. These re-
search studies enlarged under the develop-
ment of molecular techniques used for either
detection and/or its prenatal diagnosis[10-15].
Denizli is located in inner part of Aegean re-
gion of Turkey. The beta-thalassemia inci-
dence in Denizli is in between 2.6-3.7% re-
ported by different researchers[16-18]. Prema-
rital screening is applied in Denizli province
by the Turkish Ministry of Health Thalasse-
mia Laboratory since 1985. Pamukkale Uni-
versity Research Center for Genetic Engine-
ering and Biotechnology (PAMGEN) Molecu-
lar Diagnosis Laboratory has been establis-
hed by the year of 2003 and initiated the mo-
lecular diagnosis of beta-thalassemias and
abnormal hemoglobins. The total number of
the individuals who applied for molecular di-
agnosis to our Center is 260 by the date of
May 2004. Here we report the preliminary
data for beta-thalassemia mutations of these
individuals who are unrelated with each ot-
her, observed in Denizli province of Turkey. 

MATERIALS and METHODS

The total number of individuals is 260
tested for hemoglobin disorders for the year
of 2004. Some of them were couples at risk
which were informed during premarital scre-
ening program at Turkish Ministry of Health,
Denizli Thalassemia Laboratory. Since some
individuals are relatives, their data was exc-
luded for this manuscript. On the other
hand, abnormal hemoglobins except HbDLos
Angeles/beta-thalassemia combinations we-
re also excluded from the data. The number

of individuals which are unrelated with each
other is 53. Written informed consent was
obtained from all individuals in the study.
Alkaline and acid hemoglobin electrophore-
sis was performed with agarose based kits of
Helena Biosciences. DNA was isolated with
standard phenol-chloroform extraction, et-
hanol precipitation procedure and mutation
analysis for the β-globin gene was done with
β-Globin Strip assay (ViennaLab cat.no. 4-
120, Austria)[19]. For the molecular detection
of HbD variants at β-globin codon 121, geno-
mic DNA was amplified the primers of
PAM117 (5’-CAA TGT ATC ATG CCT CTT
TGC ACC-3’) and PAM118 (5’-GAG TCA AGG
CTG AGA GAT GCA GGA-3’) and digested
with EcoRI[20]. PCR product is 861 bp in
length and restriction digests examined by
2% agarose gel electrophoresis. In case of
mutation in codon 121, the EcoRI restriction
site on codon 121 is being lost. For normal β-
globin gene, two fragments, 552 bp and 309
bp in length are observed after EcoRI digesti-
on of the PCR product. The samples diagno-
sed as HbD-Los Angeles by EcoRI-SNP analy-
sis were confirmed also with DNA sequen-
cing. DNA sequencing was done by radioacti-
vely labelled manual dideoxy termination
procedure. DNA sequencing for HbD-Los An-
geles case was done in Çukurova University
Medical Faculty Department of Bioche-
mistry.

RESULTS

Table 1 shows the results of molecular di-
agnosis for the 55 chromosomes from 53 in-
dividuals with beta-thalassemia trait, analy-
zed with 20 different beta-thalassemia muta-
tions. Approximately ninety five percent of
the chromosomes were identified with these
20 mutations. The most frequent beta-thalas-
semic mutation was found to be IVS-1/nt-
110 (G>A). Two individuals were HbD-Los An-
geles/beta-thalassemia combinations. Both
of them were HbD-Los Angeles/beta-thalas-
semia combinations, carrying the mutations
HbD-Los Angeles/codon 39 (C>T) and HbD-
Los Angeles/IVS-1/nt-1 (G>A), respectively.
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The presence of HbD-Los Angeles as carrier
state was confirmed by both with EcoRI SNP
analysis and DNA sequencing.

DISCUSSION

The preliminary results are the first pub-
lished data from Denizli province of Turkey
concerning the beta-thalassemic mutations.
Table 1 summarizes the data obtained in the
base of mutations and Table 2 summarizes
the comparison of the data related with
Aegean Region studies present in the litera-
ture[11,21]. Data is consistent, in some res-
pects, with the national and regional distri-

butions of the beta-thalassemic mutations,
for the incidence of IVS-1/nt-110 (G>A) muta-
tion as the most common mutation type. He-
re we report for the first time, up to our know-
ledge, two HbD-Los Angeles/beta-thalassemia
combinations from Denizli province of Turkey.
We would like to emphasize that the presence
of HbD-Los Angeles and other abnormal he-
moglobin types is greater than expected accor-
ding to our unpublished results.

Our data is more closely related with Gü-
lesken et al. Tadmouri et al did not report for
the IVS-1/nt-1 (G>A), codon 39 (C>T) and
–87 mutations for Aegean/Mediterranean
part of Turkey[11,21]. This is probably due to
the relatively small sample size and the large
covering area of Aegean/Mediteranean regi-
on. Similar situation appears also with the
publication of Atalay et al[9]. Since Atalay et
al show the mutation data as Western part
of Turkey, including Aegean, Marmara and
inner part of Anatolia, therefore we do not
include these data into the comparison tab-
le. In case of the Gülesken et al results, they
did not report IVS-1/nt-5 (G>C) and codon 8
(-AA) mutations. We identified IVS-1/nt-5
(G>C) and codon 8 (-AA) mutations as 1.8%
and 3.6% respectively. On the other hand,
we also report the presence of codon 8/9 (+G)
mutation in Denizli province of Turkey. We
could not identify 5.5% of our thalassemia
trait cases with these 20 Mediterranean type
of mutations. This finding also shows the he-
terogenousity of the beta-thalassemia muta-
tions in our province.

In conclusion; we report for the first time
the beta-thalassemia mutational data related
with the Denizli province of Turkey. Our da-
ta show the complexity of the beta-thalasse-
mia mutations in our area due to the histori-
cal aspects and geographical location of De-
nizli province in Anatolian basin. The rese-
arch and screening studies on the individual
regions will show much more detailed muta-
tion profiles contributing the knowledge of
national mutation databases leading to the
prenatal diagnostic approaches for the tha-
lassemia control programs in Turkey.
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Table 1. Frequencies of beta-thalassemia mutati-
ons in Denizli province of Turkey

Mutation type No. of chromosomes

IVS-1/nt-110 (G>A) 20

IVS-1/nt-1 (G>A) 9

IVS-1/nt-6 (T>C) 4

IVS-2/nt-745 (C>G) 4

IVS-1/nt-5 (G>C) 1

Codon 8 (-AA) 2

Codon 39 (C>T) 5

-87 2

IVS-2/nt-1 (G>A) 2

-30 (C>G) NF

Codon 5 (-CT) NF

Codon 6 (-A) NF

Codon 8/9 (+G) 1

Codon 22 (7 bp del) NF

Codon 30 (G>C) NF

IVS-1/nt-2 (T>A) NF

IVS-1/nt-116 (T>G) NF

IVS-1/nt-25 (25 bp del) NF

Codon 36/37 (-T) NF

Codon 44 (-C) NF

HbD-Los Angeles 2

Unknown 3

Total 55

NF: Not found.
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Table 2. Beta-thalassemia mutations in Denizli Province of Turkey in comparison with other publications on
Aegean region

Number of beta-thalassemic chromosomes

Gülesken et al[21] Tadmouri et al[10]

Mutation type Denizli province (Aegean Region) (A/M* Region)

IVS-1/nt-110 (G>A) 36.4% 44.1% 56.7%

IVS-1/nt-1 (G>A) 16.4% 28.2% -

IVS-1/nt-6 (T>C) 7.3% 13.3% 13.3%

IVS-2/nt-745 (C>G) 7.3% 9.3% -

IVS-1/nt-5 (G>C) 1.8% - 6.7%

Codon 39 (C>T) 9.1% 2.4% -

-87 3.6% NF -

Codon 8 (-AA) 3.6% - 6.7%

IVS-2/nt-1 (G>A) 3.6% 2.7% 3.3%

-30 (C>G) NF - 6.7%

Codon 5 (-CT) NF - 3.3%

Codon 6 (-A) NF NF -

Codon 8/9 (+G) 1.8% - -

Codon 22 (7 bp del) NF - -

Codon 30 (G>C) NF - -

IVS-1/nt-2 (T>A) NF - -

IVS-1/nt-116 (T>G) NF - -

IVS-1/nt-25 (25 bp del) NF - -

Codon 36/37 (-T) NF - -

Codon 44 (-C) NF - -

HbD-Los Angeles 3.6% - -

Unknown 5.5% - 3.3%

Total 55** (100%) 150** (100%) 30** (100%)

* A/M: Aegean/mediterranean region.
** Total number of chromosomes.

NF: Not found.
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