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ABSTRACT

Since the first observation of hemoglobin S (Hb S) in Turkey by Aksoy, the number of hemoglobin variants
reported was increased. Beta globin gene cluster haplotypes are being used to determine the origin of the
mutations under interest. We studied the beta globin gene cluster haplotypes for the six different abnormal he-
moglobins which are Hb S, Hb D-Los Angeles, Hb G-Coushatta, Hb E, Hb E-Saskatoon and Hb Jran observed
in Turkey. In this study, we report two novel haplotypes [- + + --- +] and [- + - + + +] in association with the
Hb G-Coushatta mutation. The haplotype for the Hb Jran is also reported as [- + - + + + +] for the first time
in world populations from Turkey.
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OzET
Tiirkiye'de g6zlenen anormal hemoglobinlerde beta globin gen ailesi haplotipleri

Tiirkiye'de hemoglobin S (Hb S)nin ilk kez Aksoy tarafindan belirlenmesinden sonra gozlenen anormal he-
moglobinlerin sayisinda biylk artis olmustur. Beta globin gen ailesi haplotipleri calisilan mutasyonun genetik
kokeninin belirlenmesinde kullaniimaktadir. Calismamizda; llkemizde g6zlenen Hb S, Hb D-Los Angeles, Hb G-
Coushatta, Hb E, Hb E-Saskatoon ve Hb J-ran olmak iizere toplam alti anormal hemoglobin mutasyonunda be-
ta globin gen ailesi haplotipleri incelenmistir. Bu calismada; Hb G-Coushatta mutasyonu ile ilintili olan, diinyada
ve Tirkiye'de bildiriimemis iki haplotip (- + + --- + ve - + - + + + +) saptanmistir. Hb Jran ile ilgili olarak ise
ilk kez haplotip tirli (- + - + + + +) gosteriimektedir.

Anahtar Sozciikler: Anormal hemoglobinler, haplotip, Tiirkiye
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INTRODUCTION

The first abnormal hemoglobin in Turkey
was Hb S reported by Aksoy!!'?l. To date, 42
abnormal hemoglobins have been identified in
the Turkish population. In addition to the stu-
dies conducted in Turkey, many European re-
searchers reported their findings in the im-
migrant Turkish population in their countri-
esl®l. Since Anatolia, which is modern Turkey,
is located at the crossroads of many different
migrating and interacting populations throug-
hout history, different abnormal hemoglobins
could have been introduced into her beta glo-
bin gene pool.

The beta globin locus is the most intensi-
vely studied of all human loci, not least beca-
use of its association with the severe forms of
inherited hemoglobin disorders like sickle cell
anemia and beta thalassemia*l. The beta glo-
bin gene cluster haplotypes have also been
largely employed in population surveys®.
Analysis of the normal and mutant alleles is a
useful tool for determination of genetic diver-
sity and inter-population relationships[6'8].
The beta globin gene cluster is located at hu-
man chromosome 11 including five genes ar-
ranged in the order 5e-Gy-Ay-yB-6- 391 This
cluster spans an approximately 60 kb DNA re-
gion separated by 9 kb recombination hot spot
into 5" and 3’ regions. The recombination hot
spot region is located between & and (-globin
genes. The 5’ region of the beta globin gene
cluster contains fetal and embryonic genes ex-
hibiting high-level linkage disequilibrium. On
the other hand, the cumulative recombination
rate for the 3’ region of the beta globin gene
cluster is high compared to the 5 regi-
on!®10-111 with all of these characteristic fe-
atures, beta globin gene cluster haplotypes
are a useful tool for determination of the gene-
tic structure and origin of the populations,
including the possible associations with muta-
tions and hereditary diseases like thalassemi-
as and abnormal hemoglobins of interest. In
this study, we aimed to investigate the beta
globin gene cluster haplotypes of the abnor-
mal hemoglobins observed in Turkey.
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MATERIALS and METHODS

This study was performed on 33 DNA
samples obtained in the premarital screening
programs. In case of Hb S mutation, 12 unre-
lated heterozygous individuals were included
and the associated haplotypes were determi-
ned by Arlequin 3.0 software with unknown
gametic phasel!?!. For the other abnormal he-
moglobins, family studies were applied in or-
der to determine the haplotypes in association
with the mutations causing the abnormal he-
moglobins. The studied abnormal hemoglo-
bins were Hb D-Los Angeles (3 samples), Hb J-
Iran (4 samples), Hb E (4 samples), Hb E-Sas-
katoon (3 samples) and Hb G-Coushatta (4
samples). Written informed consent had alre-
ady been obtained from all individuals and/or
their parents and deposited in the Pamukkale
University Biophysics Department DNA Bank as
anonymous samples for further investigations.
These heterozygous cases were diagnosed at
the molecular level as previously publis-
hed13-14], DNA sequencing results are shown
in Figure 1. Abnormal hemoglobins studied in
this manuscript are from different parts of
Turkey (Figure 2).

Haplotype analysis was done by polymera-
se chain reaction (PCR)-based restriction enzy-
me digestion for the beta globin gene cluster of
the following polymorphic restriction sites:
Hincll 5' to €, HindIll 5' to Gy, HindlIIl in the IVS-
II 5' to Ay, Hincll in Y, Hincll 3' to Y, Avall in
B, and Hinfl 3' to B as previously publis-
hed!!%16], The restriction sites for the haploty-
pe analysis are shown in Figure 3. Fok I enzy-
me digestion approach was also used for the
differentation of Hb E and Hb E-Saskatoon!!7].

RESULTS

Abnormal hemoglobins included in this
study were Hb S, Hb D-Los Angeles, Hb G-Co-
ushatta, Hb J-Iran, Hb E and Hb E-Saskato-
on from Denizli, Burdur, Kocaeli and Saman-
dag-Hatay, as shown in Figure 2. Two diffe-
rent approaches were followed. The first app-
roach was the generation of associated hap-
lotypes by Arlequin 3.0 software with unk-

147



Oztiirk O, Atalay A, Koseler A, Ozkan A, Koyuncu H, Bayram J, Demirtepe S, Aksoy K, Atalay E.O

230 140 150
GGCAAASAAT B0 6 EA T HA L BTT B GTEGATGMAGTT GG T
4600 4700 2700 2800 2900 3000
Hb D-Los Angeles Hb E-Saskatoon Hb G-Coushatta
160 100 110
G GT G GTRAG||G CCC A CTc CTG kK G G AG AA

3100 3200 3300
Hb E

Figure 1. DNA sequencing data of the abnormal hemoglobins observed.
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Figure 2. Locations of the abnormal hemoglobins observed in this study.

[HbS: Denizli (B), Hb G-Coushatta: Kocaeli and Denizli (A,B), Hb J-Iran: Burdur (B), Hb E: Samandag-Antakya (C), Hb E-Saskatoon: Denizli (B)].
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Figure 3. Beta globin gene cluster haplotype analysis for the seven loci.

nown gametic phase, used for the 12 heterozy-
gous Hb S carriers. The second approach was
to determine the associated haplotypes using
family studies. The beta globin gene cluster
haplotype analysis was done according to
Falchi et al.l!5). In total, seven loci were studi-
ed as shown in Figure 3. The beta globin gene
cluster haplotypes are shown in Table 1 from
each of the heterozygous Hb S carriers. Arle-
quin-generated haplotypes are also shown in
Table 1. According to the results obtained,
DSO1 [- - - - + + 4] and DSO2 [+ - - - - + +] are
the associated haplotypes with frequencies of
50% and 17%, respectively, for the Hb S mu-
tation. The results of the family members of
the other abnormal hemoglobins are included
in Table 2 and Table 3. According to our re-
sults, haplotype [- + + - + - +] is associated
with Hb E-Saskatoon. Associated haplotypes
for the other abnormal hemoglobins are as fol-
lows: haplotype [- + - + + + +] for Hb J-Iran,
haplotype [- + + - + + +] for Hb D-Los Angeles,
haplotype [+ - - - - + -] for Hb E, and haploty-
pel-+ -+ + + 4] and [- + + - - - +] for the Hb
G-Coushatta mutations studied (Table 4).

DISCUSSION

Since the first observation of Hb S in Tur-
key, many publications have reported the ot-
her abnormal hemoglobins under the frame-
work of developing up-to-date molecular tech-
niques and many university laboratories wor-
king in this field have been established in Tur-
key. The tremendous effort and the present
status of the abnormal hemoglobins have be-
en reviewed in detail by Altay with respect to
the reported abnormal hemoglobins in Tur-
key!®l. The premarital screening program app-
lied by the Turkish Ministry of Health has an
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important role with regard to information abo-
ut the abnormal hemoglobin status of Turkey,
especially for the abnormal hemoglobins that
do not present a clinical picture. In this colla-
borative study, we aimed to identify the beta
globin gene cluster haplotypes of the abnor-
mal hemoglobins observed in different parts of
Turkey.

Hb S is the first hemoglobin to be discus-
sed. All samples are from the Denizli province
of Turkey and they are heterozygous carriers.
We have 20 unrelated families carrying the Hb
S mutation registered in the Hemoglobino-
pathy Control Program in our database. Twel-
ve heterozygous carriers were involved in the
study. According to our results, the Hb S mu-
tation is associated with the Benin haplotype
[- - - - + + +] originating from Western Africa,
which is consistent with the previous re-
ports[S].

Hb E and Hb E-Saskatoon are observed in
Turkey and reported by different researc-
hersP®l. Both of these abnormal hemoglobins
behave like Hb A, in alkaline pH hemoglobin
electrophoresis. In acidic pH, these hemoglo-
bins move like human adult hemoglobin Hb A.
Due to their similar electrophoretic properties,
these hemoglobins should be identified by mo-
lecular techniques. The reason for the molecu-
lar identification of Hb E is due to its clinical
importance, being thalassemic hemoglobin.
Fok I enzyme digestion is a valuable approach
for the differentiation of these hemoglo-
bins!!7l. DNA sequencing can also be used for
the verification of the results. Hb E-Saskatoon
was reported in three unrelated families from
Antalya, Aksaray and Kayseril®. Our case is
the fourth unrelated family from Denizli pro-
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Table 1. Beta globin gene cluster haplotypes of Hb S in Denizli province

Beta globin gene cluster Case 5'-¢ Gy Ay 5-y 3-yp 5-B 3B
No. Haplotype (*) Frequency S.D. (+/-) No. Hinc Il Hind Il Hind Il Hinc Il Hinc Il Avall Hinfl
DSO1  ----+++ 0.500000 0.100862 01 = = 4= e ++ ++ +-
DS02  +----++ 0.166667 0.082860 02 +/- - /= 4= +- ++ +-
DSO3  -+-+++- 0.062500 0.052007 03 -/- +- -/- +- ++ +- ++
DS04  ----++- 0.062500 0.049400 04 +- 4 = 4= +/- ++ ++
DSO5  ++-++-+ 0.041667 0.042201 05 - 4= 4= e ++ ++ ++
DS06  -+-++-+ 0.041667 0.040569 06 +- +- /= +- +- ++ +-
DSO07  4+----- + 0.041667 0.039646 07 +- = 4= = +- o 4
DSO8  --+-+++ 0.041667 0.034471 08 +- 4= = 4= +- ++ ++
DS09  ++-+-+- 0.020833 0.034019 09 - = = 4= +- +- +/+
DS10  +----+- 0.020833 0.030982 10 +- +- -/- +- ++ +- ++
-Sum of 10 listed frequencies > 1.000000 11 -/- +- = +- ++ ++ +-
(*) Generated by Arlequin 3.0 Software 12 = H= +- il ++ ++ ++

Table 2. Beta globin gene cluster haplotypes of the Hb E-Saskatoon, Hb J-Iran and Hb E families

5'-e Gy Ay S-up Fyp 5P 3-p
Hemoglobin Hincll  Hind Il Hind Il Hincll  Hincll  Avall  Hinfl

Hb E-Saskatoon Family

Mother Hb A/A +- +- -/- +/- +- ++ +/-
Father Hb A/E-Saskatoon +- +- +- 4= +- +- +H+
Son Hb A/E-Saskatoon -/- ++ +/- +/- ++ +/- +/-
Associated Haplotype - + + - + - +

Hb J-Iran Family

Mother Hb A/A +- +H+ +- +- +H+ ++ +-
Father Hb A/J-Iran = ++ 4 ++ ++ +H+ H+
Daughter Hb A/J-Iran -/- ++ +- +- ++ ++ +/-
Son Hb A/J-Iran = +H+ +- +- ++ +H+ +-
Associated Haplotype - + - + + + +
Hb E Family

Mother Hb A/E ++ 4= = - 4= ++ +-
Father Hb A/A ++ /- -/~ -/~ /- ++ ++
Daughter -1 Hb A/E ++ 4= 4= I 4= ++ +-
Daughter- 2 Hb A/E ++ -/- -/- -/- -/- ++ +-
Associated Haplotype + - - - - + -
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Table 3. Beta globin gene cluster haplotypes of the Hb D-Los Angeles and Hb G-Coushatta families

5 Gy Ay  5-yp  3yp 5B 3B
Hemoglobin Hinc Il Hind Il Hind llI Hinc Il Hinc Il Ava Il Hinf |
Hb D-Los Angeles Family
Mother Hb A/Hb D-Los Angeles +- +- +- -/- +- ++ ++
Father Hb A/A ++ /= - /= 4= ++ +-
Daughter Hb A/Hb D-Los Angeles +- +- +/- e +- ++ ++
Associated Haplotype - + + - + + +
Hb G-Coushatta Family (Denizli)
Son Hb A/G-Coushatta I ++ I ++ ++ +- ++
Mother Hb A/G-Coushatta /- ++ - ++ ++ ++ ++
Father Hb AA +/- +- -/- +/- +- -/- ++
Associated Haplotype - + - + + + +
Hb G-Coushatta Family (Kocaeli)
Mother Hb A/G-Coushatta +- +- +- 4= %= +- +/+
Father Hb A/G-Coushatta +/- +/- +/- 4= - +/- ++
Daughter Hb G-Coushatta (homozygous) -/- ++ +/+ -/- -/- -/- +/+
Son Hb A/G-Coushatta +- +- +/- = = +- ++
Associated Haplotype - + + - - - +
Table 4. Beta globin gene cluster haplotypes associated with Hb D-Los Angeles and Hb G-Coushatta as observed in world populations
5 Gy Ay BB Fyp 5B 3P
Mutation Hinc Il Hind 11 Hind 111 Hinc Il Hinc Il Ava ll Hinf | Ref
Hb D-Los Angeles
- Italy + = = = = + + (28)
- Thailand = + + = + + + (29)
- Mexico + - - = - + + (30)
- Iran + = = = = + + (31)
- Turkey + = = = = + + (16)
- Turkey = + = = + + + (16)
- Turkey = + + = + + + This study
Hb G-Coushatta
- American Indian - + - - + - nr (27)
- Chinese = + + = + + nr (27)
- Turkey = + = + + + + This study
- Turkey = + + = = = + This study
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vince of Turkey. On the other hand, our Hb
E family is from Samandag-Hatay, which is
in the eastern Mediterranean part of Turkey
(Figure 2). Hb E is associated with Mediterra-
nean haplotype V [+ - - - - + -] and Hb E-Sas-
katoon is associated with haplotype II like
haplotype [- + + - + - +] according to Falchi et
al., based on Orkin's classification!1%-18], Alt-
hough they are from unrelated families, our
Hb E-Saskatoon mutation has the same origin
as reported before from Turkey!!”]. This muta-
tion was firstly reported from Orkney Is-
(191 Since the beta globin gene cluster
haplotype is not known at the moment, the re-
lationships between Turkish and Scottish mu-
tations are still unclear.

lands

Hb J-Iran was firstly reported by Rahbar et
al. from Iran?%. There are four reported cases
from Turkey in the four different cities of An-
kara, Antalya, Mugla and Denizlil!+21-23], The
beta globin gene cluster haplotype structure of
Hb J-Iran is not known. The Denizli case was
the fourth reported case in Turkey“‘”, and we
studied the family members of this case to de-
termine the beta globin gene cluster haplotype
in association with the Hb J-Iran mutation.
Our results show that the Hb J-Iran is associ-
ated with the haplotype IX [- + - + + + +]. The
beta globin gene cluster haplotypes of the ot-
her cases reported from different parts of Tur-
key will help to elucidate whether or not these
cases have the same genetic origin.

Hb G-Coushatta was reported by Schne-
ider et al. in an American Indian family?4!.
This hemoglobin variant was reported from
different regions-Japan, Korea, Taiwan, Chi-
na, Algeria and Turkey!!3l. In Turkey, Hb G-
Coushatta has also been reported by different
research groups“3'23’25'26]. Hb G-Coushatta
cases are from Kocaeli and Denizli. To the best
of our knowledge, the Kocaeli case is the first
reported homozygous case in Turkey. There
are two different suggested genetic origins of
Hb G-Coushatta mutations-American Indian
and Chinese-based on beta globin gene clus-
ter haplotypes and related frameworks!??].
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Our families reported in this study are unrela-
ted and live in different parts of Turkey. They
have different beta globin gene cluster hap-
lotypes that also differ from the other publis-
hed cases (Table 4).

Hb D-Los Angeles is the second most com-
mon abnormal hemoglobin observed in both
world and Turkish populations. There are
three different beta globin gene cluster hap-
lotypes reported in world populations (Table 4)
(15.28-31] These haplotypes are Mediterranean
haplotype I [+ - - - - + +], haplotype II [- + + -
++ +] and [- + - - + + +]. Most of the Hb D-Los
Angeles cases observed are associated with
the Mediterranean haplotype I. This haplotype
was reported for the Hb D-Los Angeles from
Italy, Mexico, Iran and Turkey!16-28:30.311 Hp
D-Los Angeles mutation is associated with
haplotype II [- + + - + + +] in Thailand!?®!. On
the other hand, one family was reported as a
novel haplotype as [- + - - + + +] from Tur-
key“G]. In this study, we report a family carr-
ying Hb D-Los Angeles mutation in associati-
on with the Thai haplotype of [- + + - + + +].
Two different hypotheses have been proposed
for the origin of the Hb D-Los Angeles mutati-
on. It may have arisen in the Mediterranean
area, independently from other populations,
and/or the mutation may have arisen only on-
ce, most likely in Asia, based on the prevalen-
ce in Punjab (India) and Northwest Chinal28!,
The Hb D-Los Angeles frequency in Denizli
Province is similar to the frequency observed
in Xinjiang Province, People’s Republic of Chi-
na, where it accounts for 55.6% of total he-
moglobin variants observed!!3:32. The beta
globin gene cluster haplotypes of the Chinese
and Indian cases are not known at present. As
far as Asian cases are concerned, only Tha-
iland cases are known. Since most cases re-
ported from different populations are related
with the Mediterranean haplotype I except
Thai cases, the hypothesis regarding the Asi-
an origin of this mutation is under discussion.
To prove the hypothesis of the Asian origin,
Chinese and Indian cases should be identified.
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In conclusion, we identified the beta globin
gene cluster haplotypes of six different abnor-
mal hemoglobins - Hb S, Hb D-Los Angeles,
Hb G-Coushatta, Hb E, Hb E-Saskatoon and
Hb J-Iran. Table 5 summarizes the beta globin
gene cluster haplotypes observed in Turkey.
For the Hb J-Iran, haplotype [- + - + + + +] is
the first published beta globin gene cluster
haplotype in world populations. Haplotypes [-
+-++++] and [- + + - - - 4] are also novel hap-
lotypes in association with the Hb G-Coushat-
ta mutation reported from Turkey, being the
third and fourth different origins in the world
populations. Since the prenatal diagnosis is
applied at gene level, haplotype identification
of the mutation and associations with the mu-
tations of interest contribute to understanding
the genetic structure of the fetus, helping in
the diagnosis, and molecular mechanisms. In

this study, we also emphasize the importance
of premarital screening programs and the col-
laborative research between research groups
and the Ministry of Health Centers in the dif-
ferent cities of Turkey. These abnormal he-
moglobins were observed primarily in the He-
moglobinopathy Laboratories of the Turkish
Ministry of Health local authorities. A national
database and registry system based on the
close collaboration between all research facili-
ties will elucidate and improve the research on
the hemoglobin molecule, its genetic structure
and expression at the molecular level in Turkey.
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Table 5. Beta globin gene cluster haplotypes associated with abnormal hemoglobins observed in Turkish samples

5'-¢ Gy Ay 5-0B 3-uB 5-B 3-p

Mutation Hinc Il Hind 11l Hind 11l Hinc 1l Hinc Il Ava Il Hinf |
Hb S - - - - + + +
Hb D-Los Angeles + = - - - + +
= + = = + + +
= + + = + + +
Hb G-Coushatta = + - + + + n
= + = = = +
Hb E-Saskatoon - # = + . +
Hb J-Iran - + - + + "
Hb E + - - = - -
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