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ABSTRACT
Background: Foetal Haemoglobin (HbF) is the best-known 
genetic modulator of sickle cell anaemia, which varies 
dramatically in concentration in the blood of these patients. 
The patients with SCA display a remarkable variability in the 
disease severity. High HbF levels and the β-globin gene cluster 
haplotypes influence the clinical presentation of sickle cell 
disease. To identify the genetic modifiers which influence the 
disease severity, we conducted a β-globin haplotype analysis in 
the sickle cell disease patients of Chhattisgarh.

Aim: The foetal haemoglobin and the β-globin gene haplotypes 
of the sickle cell trait and the sickle cell disease patients from 
Chhattisgarh were investigated.

Materials and Method: A total of 100 sickle cell patients (SS), 
50 sickle cell trait patients (AS) and 50 healthy control individuals 
were included in the present study. The distribution of the 
β-globin gene haplotype was done by the PCR-RFLP method.

Result: PCR-RFLP showed that the homozygous Arab-Indian 
haplotype (65%) was the most frequent one, followed by the 
heterozygous Arab-Indian haplotype (11%) in the sickle cell 
patients (SS), while the AS patients had a higher frequency of 
the heterozygous Arab-Indian haplotype (38%) in comparison to 
homozygous one (32%). Four atypical haplotypes, 3 Benin and 
1 Cameroon were also observed, although they were in lower 
frequencies. In the present study, the HbF levels were higher 
in the AS and the SS patients, with one or two Arab-Indian 
haplotypes as compared to the other haplotypes.

Conclusion:  The presence of the Arab-Indian haplotype as the 
predominant haplotype might be suggestive of a gene flow to/
from Saudi-Arabia or India and it was associated with higher 
HbF levels and a milder disease severity.

InTROduCTIOn
Sickle cell disease, which is also known as Haemoglobin SS (HbS) 
disease, is caused by a mutation in the β-globin gene cluster. 
This mutation results in the production of an abnormal version 
of the beta chain of haemoglobin, which has difficulty in carrying 
oxygen properly through the body. However, this disease has 
been associated with a great phenotypic heterogeneity and clinical 
variability [1].

The HbS β-globin gene is found on four or five common haplotypes 
which reflect its regions of origin in different parts of Africa, the 
Middle East and the Indian subcontinent [2-4]. The β-globin gene 
cluster haplotype is a cis-acting determinant, which serves as a 
marker for the genetic background of the HbS disease patients and 
for predicting the disease severity. The Bantu haplotype has been 
correlated with the lowest level of HbF and those with a Senegal 
or a Saudi Arab-Indian haplotype have the highest levels of HbF 
[5-7]. The Cameroon and the Benin haplotypes have intermediate 
levels of HbF [6]. In this context, much work has been done for the 
analysis of the genetic determinants in the β gene cluster region 
that might affect the globin gene expression and thus relate to the 
clinical diversity of sickle cell disease. HbF is the most powerful 
modulator of the clinical and the haematologic features of Sickle 
Cell Anaemia (SCA) [8]. To protect against various complications of 
this disease, different concentrations of HbF were postulated to be 
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required, although any increment in the HbF had a beneficial effect 
on the mortality. The Senegal and the Arab-Indian haplotypes are 
linked to the C-T polymorphism at position -158 in the Gγ promoter, 
that results in an increased number of Gγ chains and elevated HbF 
levels [9,10]. In addition, the Benin and the Bantu haplotypes lack 
this Single Nucleotide Polymorphism (SNP) [9,11].

Although the DNA haplotype in the β-globin gene can help in 
determining the genetic diversity of the specific population, the 
origin and the track of the gene flow [12]. Chhattisgarh, having a 
high density of tribes, came into existence as the 26th State of the 
Indian Union on first Nov. 2000. The population of Chhattisgarh 
is notable for the high proportion of scheduled tribes (31.76%). 
Furthermore, the previous data shows that the Chhattisgarh and 
Orissa states have the highest frequency of the HbS disease [13]. 
The presence of HbS was first reported by Lehmann and Cutbush 
[14] in the tribal populations of the Nilgiris, in the southern state of 
Tamil Nadu. Since then, a high incidence of HbS has also been 
reported in about 50 tribal populations in other areas of India 
[15,16]. To the best of our knowledge, no previous study has done 
to establish the HbS β-haplotype in the sickle cell disease and the 
sickle cell trait patients of Chhattisgarh.

In the present study, we have examined the β-globin haplotypes 
and their association with the HbF levels among the sickle cell trait 
and the sickle cell patients in Chhattisgarh.
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MATeRIAlS And MeThOdS
Hundred, non-consanguineous, sickle cell patients (SS) (51 males 
and 49 females; mean age 23.84 years ) and fifty sickle cell trait (AS) 
(25 males and 25 females; mean age 26.3 years ) were included in 
the study. They were from different regions (Raipur, Bilaspur, Durg, 
and Dhamtari) of Chhattisgarh, India. None of the patients were on 
any kind of treatment (other than folic acid supplementation), nor 
had any patient received blood transfusions during the 4 months, 
prior to the sample collection. An informed consent was obtained 
from all the subjects prior to the drawing of their blood samples. 
The blood samples from Chhattisgarh’s adult’s sickle cell trait and 
sickle cell disease patients were obtained by randomly sampling 
from a population survey and from some patients who had been 
admitted in the Dr. B. R. A. M. Hospital, Raipur. The control group 
was composed of 50 subjects (25 males and 25 females; mean age 
24.88 years ) without sickle cell disease, who were living in different 
regions of Chhattisgarh and the DNA samples were collected 
randomly sampling by doing a population survey. The genomic 
DNA was then extracted by using the HiPuraA kit (Himedia).

The HbF levels were determined by using HPLC (VARIANTTM  β – 
thalassemia Short Program ( Bio-Rad). The haematological indices 
analysis was done by using a BC-3000Plus Auto Hematology 
Analyzer.

Seven well-established RFLP sites which included the HincII site 
of the 5’ε-globin (5’ε-HincII), the HindII sites at the intervening 
sequence II of the Gγ-globin (Gγ-IVSII-HindIII) and the Aγ-globin 
(Aγ-IVSII-HindIII), the HincII sites in ψβ-globin (ψβ-HincII), and the 
HincII site 3’of ψβ-globin (3’ψβ-HincII), the AvaII site in β-globin 
(β-AvaII) and the HinfI site in 3’β-globin (3’β-HinfI) were used to 
define the β-haplotype. The genomic DNA was first amplified by 
Polymerase Chain Reaction (PCR) by using published primers [17-
19], followed by restriction digestion and agarose gel inspection. 
The presence of an A or T nucleotide at in the 6th codon of the 
β-globin was confirmed for all the DNA samples by using restriction 
enzyme DdeI analysis.

The RFLP data were used to construct the β-haplotype, based on 
the target gene specific digestion by the restriction enzyme and it 
was scored as +/+ if the two alleles were digested, as +/- if one 
but not the other allele was digested (heterozygote), and as -/- 
if no digestion occurred in the sample. The allele frequency was 
calculated by a direct gene counting method.

ReSulT
The results of the haematological parameters which include total 
Hb, HbF, HCT, MCV and MCH in both the sexes (combined) for the 
AS and the SS patients are shown in [Table/Fig-1].

[Table/Fig-2] presents the HbF levels with the haplotype distribution 
among the sickle cell disease and the sickle cell trait patients of 
Chhattisgarh, India. The Arab-Indian haplotype (+ + + - + + - +) 
was predominant in the Chhattisgarh population. Two major 
β-haplotypes were constructed for the SS patients, which included 
65% of the homozygous Arab-Indian (+ + + - + + - +) and11% 
heterozygous Arab-Indian haplotypes, followed by the Arab-
Indian in combination with the atypical haplotype, 5% Arab-Indian/
Cameroon (+ + + - + + - + / - - + + - + - +), 3% Arab-Indian/Benin 
(+ + + - + + - + /- - - - - + - +), 3% Arab-Indian/Bantu (+ + + - + + - + 
/ - - + - - - - +) and 4% Cameroon/ Benin /(- - + + - + - + /- - - - - 
+ - +) haplotype. Two rare haplotypes, 3 Benin and 1 Cameroon 
were also found in the study.

Among 50 sickle cell trait (AS) patients who were studied, 32% 
were homozygous and 38% were heterozygous for the Arab-Indian 
haplotype. The atypical haplotype included 14% Arab-Indian/Benin 
(+ + + - + + - + /- - - - - + - +) and 10% Arab-Indian/Cameroon (+ 
+ + - + + - + / - - + + - + - +). The remaining 6% of the AS patients 
inherited rare or incomplete haplotypes. The RFLP products of the 
different polymorphic sites have been shown in [Table/Fig-2 and 3].

[Table/Fig-2]: An agarose gel (A, B, C) shows electrophoresis pattern 
of RFLP product of β-HinfI and ε-HincII site. Lane (M) represents of all 
three gel shows the molecular weight marker with 100 bp DNA ladder. 
In (Fig A) lane 1-3 and (Fig B) lane 1-5 shows RFLP product of (320 bp 
and 154bp ) with β-HinfI (-/-) site except in (Fig A) in which the lane 4 
shows the HinfI (+/+) site with 213+107+154bp. In (Fig. C) lane 1, 2, 3, 
4, 5 shows (+/+) sites for ε-HincII site.

Haematological 
Parameter

Sickle Cell 
disease 

 (SS) n=100

Sickle Cell 
trait 

(aS) n=50
Controls
(aa) n=50

Age in Years 23.84 ±8.38 26.3 ±7.37 24.88 ±8.70

HbF (%) 19.39 ±7.14 1.06 ±0.74 0.12 ±0.13

Hb (g/dl) 9.29 ±2.54 12.01±2.56 12.59 ± 2.34

HCT (%) 29.53 ±10.40 32.08 ±5.55 34.86 ±6.54

MCV(fl) 91.29 ±10.88 77.88 ±10.56 81.41 ±10.03

MCH(pg) 29.71 ±8.67 28.32 ±5.87 28.11 ±4.32

[Table/Fig-1]: Haematological indices in both sexes among sickle cell 
trait and sickle cell disease patients.
*Values are mean±SD; n = number of subjects.

[Table/Fig-3]: An agarose gel (A, B, C) shows electrophoresis pattern 
of RFLP product. In (Fig A) lane1-6 shows 3’ψβ-HindII site (+/-) site. In 
(Fig B) lane 1and lane 3shows absence (-/-) of Gγ-HindIII site, and lane 
2 and lane 4 show presence of 3’ψβ-HindII site (+/+). In (Fig C) lane 1, 
3, 5, 6, 7, 9 and10 shows presence of 5’3’ψβ-HindII site. Lane 2, 4 and 
8 shows absence of β-AvaII site.

Among all the AS and the SS patients, the homozygous and the 
heterozygous Arab-Indian haplotypes were associated with the 
highest levels of HbF [Table/Fig-4]. 

dISCuSSIOn
This is the first report of the association of the HbF levels with 
the beta globin gene haplotypes in this region of India. In the 
present study, the Arab-Indian haplotype was found to be the 
most prevalent one among the SS patients, who included those 
with a homozygous form of the Arab-Indian haplotype (65%) and 
those with a heterozygous form (11%), while among the sickle cell 
trait (AS) patients, the heterozygous Arab- Indian (38%) haplotype 
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was found in a higher frequency than the homozygous 1 (32%). 
This was consistent with the findings from earlier studies which 
were done in Andhra Pradesh and other parts of India [20-22]. 
However, four other atypical haplotypes, Benin, Bantu, Cameroon 
which were associated with the Arab-Indian and the Cameroon/ 
Benin haplotypes were also found in the present study. It was 
well documented that the presence of the atypical and the rare 
haplotypes such as Cameroon, Senegal and Benin was seen in 
the central and the southern parts of India [20,21]. We also found a 
rare Cameroon (1%) and a Benin (3%) haplotype in the SS patients 
of Chhattisgarh. The presence of these haplotypes was previously 
reported in India [20,23]. The predominant presence of the Arab-
Indian haplotype which was linked to the βS gene in Chhattisgarh 
can be easily explained by the gene migration to/from Saudi Arabia 
and India with a genetic admixture. A recombination event or a 
gene conversion or a chance mutation at the RFLP loci may be the 
plausible explanations for the rare haplotypes which were found 
in our study. Also, the presence of the homozygous Benin and 
Cameroon haplotypes might be regarded as a reflection of the 
gene flow from Africa through the possible routes.

Despite the fact that SCA is caused by a single A-T mutation in the 
sixth codon of the β globin gene, there are many different clinical 
phenotypes which are associated with this monogenic disorder. 
The patients with elevated foetal haemoglobin levels generally have 
less severe disease. In our previous study, we found the presence 
of an XmnI (+/+) site in the SS and the AS patients, which was 
associated with an increase in the HbF (P<0.0001) synthesis [24]. 
In addition, we also found that the presence of one XmnI (+/-) 
site in the SS patients as compared to the XmnI-/- site, did not 
show any difference in the HbF levels. It is believed that the other 
genetic markers in the β-locus also exert a significant effect on the 
foetal haemoglobin synthesis [25]. In the carriers of the Senegal 
and the Arab-Indian haplotypes, the presence of an XmnI C-T 
polymorphism at the -158 position upstream of the Gγ gene was 
strongly associated with higher HbF levels [9,10]. In the present 
study, we found that most of the patients with the homozygous 
and the heterozygous Arab-Indian haplotypes had higher levels of 
HbF than those with other haplotypes. This finding was consistent 
with other reported influences of the Arab-Indian haplotype on 
the HbF level [7]. However, in our study, the presence of only 
chromosomes with the Arab-Indian haplotype was associated 
with high HbF levels in comparison to a combination with other 
haplotypes. These observations suggest that other factors which 
are perhaps linked to these haplotypes, are differentially affecting 
the gamma gene transcription.

In addition, we examined the effects of the five common haplotypes 
on the HbF variation in sickle cell (SS) and sickle cell trait patients 
in Chhattisgarh. Among the sickle cell patients, those who were 
homozygous for the Arab-Indian haplotype had high HbF values 
(22.71±5.23) as compared to the values (20.85±3.02) in the 
individuals who were heterozygous for the Arab-Indian haplotype. In 
the sickle cell trait (AS) patients, the patients with the homozygous 
Arab-Indian haplotype showed a high HbF level (0.20±0.16) as 
compared to those with the heterozygous haplotype (0.06±0.09). 
We confirmed the variation in the HbF levels which was associated 
with the different haplotypes which we found in the present study. 
The beta globin gene haplotypes were used as a markers for the 
phenotypic heterogeneity of sickle cell disease, because of their 
association with the variable HbF levels. However, the influences of 
the HBB locus and the XmnI-HBG2 site on the HbF levels in SCA 
have been validated by many studies in several populations.

The SCA patients with the Benin haplotype often have low HbF 
levels, while those with the Cameroon haplotype show inter-
meditary HbF levels. However, our results were in agreement with 
some previously published data on the HbF levels and the βS-globin 
haplotype. In our study, the presence of the intermediate HbF levels 
for the CAR/CAR haplotype could be due to the sequence variations 
in the regulatory regions, such as the 5’HS2 and the flanking 
region of the γ gene [26]. Our results showed that the differences 
in the HbF levels among the SCA patients were associated with 
the Cameroon/ Benin haplotype (HbF = 9.17±0.38), while the 
Cameroon/ Cameroon haplotype (HbF =10.1), and the Cameroon/ 
Arab-Indian haplotype (HbF = 12.84±0.67), exhibited higher HbF 
levels and a milder disease presentation. In our study, we found 
significant differences in the HbF levels between the Cameroon 
and the Benin haplotypes.

COnCluSIOnS
Our study confirmed the high diversity of the βS-globin gene 
haplotypes and the high level of phenotypic heterogeneity among 
the sickle cell anaemia patients in Chhattisgarh, India. In conclusion, 
this study determined the unicentric origin of the sickle mutation in 
this region, in which the Arab- Indian haplotype exists in excellent 
agreement with the historical record. In addition, we demonstrated 
that the atypical haplotypes which were observed in association 
with the sickle cell gene were likely to be generated by diverse 
genetic mechanisms which involved either the Cameroon or the 
Benin and the Bantu haplotypes.

Haplotype SS (n=100) HbF
aS

(n=50) HbF

Arab-Indian/ Arab-Indian (+ + + - + + - + / + + + - + + +) 65(65%) 22.71±5.23 16 (32%) 0.20±0.16

Arab-Indian (Heterozygous) (+ + + - + + - +) 11(11%) 20.85±3.02 19 (38%) 0.06±0.09

Arab-Indian/Benin (+ + + - + + - + /- - - - - + - +) 3 (3%) 9.73±0.59 7 (14%) 0.15±0.09

Arab-Indian/Bantu (+ + + - + + - + / - - + - - - - +) 3 (3%)  3.83±0.46 - -

Arab-Indian/Cameroon (+ + + - + + - + / - - + + - + - +) 5 (5%) 12.84±0.67 5 (10%) 0.06±0.08

Benin/ Benin (- - - - - + - + /- - - - - + - +) 3 (3%) 7.0±0.21 - -

Cameroon/ Benin /(- - + + - + - + /- - - - - + - +) 4 (4%) 9.17±0.38 - -

Cameroon/ Cameroon (- - + + - + - +/(- - + + - + - +) 1(1%) 10.1 - -

Rare 1 3 (3%) 13.7±1.48 2 (4%) 0.0

Rare 2 2 (2%) 14.7±0.1 1 (2%) 0.0

[Table/Fig-4]: Distribution of β-globin gene haplotypes and Fetal haemoglobin level amonsg sickle cell trait and sickle cell disease patients.
*SS, sickle cell disease; AS, sickle cell trait; HbF, fetal haemoglobin; n= number of subjects. HbF levels values are expressed in mean±SD.
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