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Article history: The present study was carried out in Indo-European speaking tribal population groups of southern Gujarat
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Available online 14 March 2013 6 neutral restriction sites of the β-globin system were analysed and various statistical parameters were

estimated to draw meaningful interpretations. All the 6 sites were found to be polymorphic and most were in
Keywords: Hardy–Weinberg Equilibrium in the studied group. Haplotypes were constructed using two different
Indo-European

combinations of the 6 restriction sites analysed. Analysis of the 5 sites revealed a set of three predominantHeterozygosity
Linkage disequilibrium haplotypes, ‘+−−−−’, ‘−++−+’ and ‘−+−++’; and haplotypes ‘+−−’, ‘++−’ and ‘+++’ were found
Genetic affinity to be the most frequent when the 3 sites were used to construct the haplotypes. Haplotypic heterozygosity

levels (>83%) observed in the present study group were comparable to those observed in African and
Afro-American populations and greater than other world populations. All the ancestral haplotypes, +−−−−−,
−++−+, −+−++ and −−−−+ were found in the study group. The distribution pattern of various haplo-
types was consistent with the global pattern. The paucity of comparable data from other Indian populations
restricted one from making interpretations about the study group's relationships with other Indian populations
but the results were indicative of older population histories or experience of gene flow by the study group and
their affinities with populations of southern India.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

β-Globin gene cluster is located on chromosome 11 in humans
(11p15.5; Grzeschik and Kazazian, 1985) and consists of developmental-
ly regulated genes involved in haemoglobin synthesis. The cluster is com-
prised 5 expressed genes and one pseudogene. It also consists of a 9.1 kb
long recombination “hotspot” 5′ to the β-globin gene (Antonarakis et al.,
1982). Mutations in β-globin gene located in this region are known to
cause several diseases and hence the gene is under selection pressure.
Numerous neutral polymorphic restriction sites have been looked into
and investigated for constructing haplotypes in this region of the
genome. These haplotypes have been explored in several populations
both with clinical and evolutionary perspectives in mind. Many studies
have focussed on searching for clinical relationship of these haplotypes
with sickle cell mutation or thalassaemias (Adorno et al., 2004; Kulozik
et al., 1987; Majumder et al., 1999; Mukherjee et al., 2004; Niranjan et
al., 1999; Powars and Hiti, 1993) and hence have limited implications
for evolutionary studies. Other studies with anthropological orientation

have made use of these haplotypes to capture human variation and to
study genetic relationships of populations across the globe (Chan et al.,
1986; Chen et al., 1990; Latini et al., 2003; Long et al., 1990; Luz et al.,
2010; Magaña et al., 2010; Ramsay and Jenkins, 1987; Wainscoat et al.,
1986). Molecular diversity and gene frequencies at a neutral locus
would be affected by selection at a linked locus (Fay and Wu, 2000).
Keeping this in mind, haplotype analysis was carried out only for βA

chromosomes so that comparison could be made between populations
in which selection is operating (because of presence of Hb*S) and
populations in which it is not.

Different investigations have made use of variable number of
polymorphic sequence variants located in non-coding regions to con-
struct the haplotypes. Because of the presence of recombination
“hotspot” in the region the haplotypes can be divided into 5′ and 3′
sub-haplotypes corresponding to the regions 5′ and 3′ to the “hotspot”.
The 5′ haplotypes have beenwidely used to investigate evolutionary re-
lationships between human populations (Chan et al., 1986; Chen et al.,
1990; Latini et al., 2003; Long et al., 1990; Luz et al., 2010;Magaña et al.,
2010; Ramsay and Jenkins, 1987; Wainscoat et al., 1986) but this is not
true for 3′ haplotypes. Such studies have mainly been carried out in
populations of African, European or Oceanic origins or in admixed pop-
ulation groups from Europe and America. But only few studies have
reported such data on Indian groups, and these few studies have
made use of only three restriction sites (Saraswathy et al., 2008, 2009;
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Vishwanathan et al., 2004). The present study using 6 restriction sites in
different combinations has been undertaken in tribal groups fromGuja-
rat state of India. To the best knowledge of the authors, the present
study is a first attempt of its kind to elucidate the allelic and haplotypic
contents of β-globin system in individuals with HbAA genotypes from
India.

2. Materials and methods

5 ml intravenous blood samples were collected from 174 normal AA
individuals from Indo-European speaking tribal population groups from
Valsad district of southern Gujarat, India. The samples belonged mainly
to 2 tribal population groups namely Dhodia and Dubla and a few sam-
ples from other tribal population groups of the area. These groups have
been previously demonstrated to have underlying genetic and socio-
cultural homogeneity and probably of proto-Australoid racial affinity
(Kshatriya et al., 2010). The blood samples were collected by a trained
medical practitioner after taking informedwritten consent from the indi-
viduals. DNA was isolated from the collected samples using salting-out
method (Miller et al., 1988). The sampleswere screened for six restriction
sites in the β-globin gene cluster; HincII 5′ε, HindIII Gγ, HindIII Aγ, HincII
5′ψβ, HincII 3′ψβ, and HinfI 5′β. The structure of the β-globin gene
cluster and the location of the six restriction sites are shown in Fig. 1.

The concerned genomic regionswere amplified through Polymerase
Chain Reaction using appropriate primers and protocols (Lee et al.,
2002; Majumder et al., 1999; Sutton et al., 1989). The amplified prod-
ucts were subsequently digested with appropriate enzymes followed
by typing using agarose gel electrophoresis and the results were then
documented.

Allele frequencies were computed for the different loci by gene
counting method. The adaptation of genotype frequencies to Hardy–
Weinberg Equilibrium was tested locus by locus using chi-square
goodness offit test. DISPAN softwarewas used to estimate heterozygosity
levels and gene diversity measures (Nei, 1973). The haplotype frequen-
cies were estimated using an expectation maximisation (EM) algorithm,
as implicated in Arlequin software package version 3.1 (Excoffier et al.,
2005). Linkage disequilibrium (LD) between all pairs of loci was also
computed usingArlequin. Gini–Simpson indexwas estimated tomeasure
genetic variation (Rao, 1982).

5 of the six sites, namely HincII 5′ε, HindIII Gγ, HindIII Aγ, HincII 5′ψβ
and HincII 3′ψβ occur 5′ to the recombination “hotspot” and site HinfI
5′β lies within the highly recombining region. The six restriction sites
were used in two combinations to construct haplotypes. Analysis of re-
striction polymorphisms at the sites HincII 5′ε, HindIII Gγ, HindIII Aγ,
HincII 5′ψβ and HincII 3′ψβ spread across 31.3 kb (Orkin et al., 1982)
yielded 5′ sub-haplotypes; and the 3 sites HinfI 5′β, HincII 3′ψβ and
HincII 5′ψβwere used to form another set of haplotypes. After excluding
individuals withmissing genotypes for one ormore restriction sites, the
data on 5 restriction sites from 162 individuals was used to construct
the 5′ sub-haplotypes; and those from 163 individuals (3 sites) was
used to construct the other set of haplotypes.

3. Results

All the six sites were polymorphic in the study group (Table 1). All
the markers except for HindIII Aγ and HinfI 5′β were found to be in
Hardy–Weinberg Equilibrium (p > 0.05) in the study group. Analysis
of the 5 sites revealed average heterozygosity values of 0.4563.

3.1. Haplotype analysis using 5 sites

Haplotypes were constructed only for those individuals for whom
data was available for all the 5 restriction sites. When 5 restriction
sites were used, a total of 22 5′ haplotypes were observed in the study
group (Table 2). The frequency of these haplotypes varied from as low
as 0.32% (H22haplotype,++++−) to as high as 31.17% (H2haplotype,
+−−−−). Haplotypes with frequencies ≥2.0% revealed a subset of 8
haplotypes. Three haplotypes, ‘+−−−−’ (H2), ‘−++−+’ (H3) and
‘−+−++’ (H4), constituted the predominant haplotypes in the group
under study. These three haplotypes were associated with 64.6% of indi-
viduals with AA genotype.

Haplotypic analysis at individual's level revealed that in the study
group 27.78% individuals (n = 45) were homozygous for some hap-
lotype. Of these individuals, 44.44% were homozygous for haplotype
H2 (+−−−−), 22.22% for H14 (+++−+) and 8.89% each for H3
(−++−+) and H4 (−+−++). In other words, the haplotypes
found in greater frequency in the study group were present in homo-
zygous state. In the remaining heterozygous samples for which the
haplotypic combinations could be decidedly determined, the predomi-
nant haplotypes were found to be also the most frequently present in
heterozygous state. In the case of indistinguishable combinations, it was
assumed that the combination of two common haplotypes was present
or a common haplotype was present with a rare haplotype rather than
two rare haplotypes (Romana et al., 2000).

Significant values were observed for all pairwise LD comparisons
except between HincII 5′ε and HindIII Aγ sites and between HindIII
Aγ and HincII 5′ψβ (Table 3).

Heterozygosity estimated using haplotype frequencies was found to
be of the order of 0.8321 in the studied tribal groups of Gujarat
(Table 4). Gini–Simpson index (GSI) was found to be 0.8296 and effec-
tive number of haplotypes was found to be 5.9.

3.2. Haplotype analysis using 3 sites

Haplotypes were constructed only for those individuals for whom
data was available for all the 3 restriction sites. Analysis of the 3 sites
namely; HinfI 5′β, HincII 3′ψβ and HincII 5′ψβ; in the study population
yielded8haplotypes (Table 5). Of these, 6 haplotypeswere present in fre-
quencies greater than 2%, ranging from 4.52% (H8 haplotype, −−+) to
32.54% (H3 haplotype, +−−). Haplotypes ‘+−−’ (H3), ‘+++’ (H1),
‘++−’ (H2) and ‘−+−’ (H7) were unambiguously determined.

Significant pairwise linkage disequilibriumwas found to exist only
between the sites HincII 3′ψβ and HincII 5′ψβ (Table 6). This observation
is in concordance with the fact that HinfI site lies within the “hotspot”.

Fig. 1. Illustration of β-globin gene cluster showing the location of the different genes
of the cluster, recombination hotspot and restriction sites analysed in the present
study.

Table 1
Allele frequencies at the six loci of β-globin cluster in the study group of Gujarat.

Marker Genotype frequencies (%) Allele frequencies 2nc

++ +− −− +a −b

HincII 5′ε 24.29 49.72 25.99 0.491 0.509 348
HindIII Gγ 26.95 50.3 22.75 0.521 0.479 334
HindIII Aγ 21.76 31.76 46.48 0.376 0.624 340
HincII 5′ψβ 6.98 36.04 56.98 0.250 0.750 344
HincII 3′ψβ 26.01 54.34 19.65 0.532 0.468 346
HinfI 5′β 58.79 19.39 21.82 0.685 0.315 330

a Frequency of allele for presence of restriction site.
b Frequency of allele for absence of restriction site.
c Number of chromosomes analysed.
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