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Abstract

Sickle cell anemia is a genetic disease with high prevalence in people of African descent. There are five typical
haplotypes associated with this disease and the haplotypes associated with the beta-globin gene cluster have been
used to establish the origin of African-descendant people in America. In this work, we determined the frequency and
the origin of haplotypes associated with hemoglobin S in a sample of individuals with sickle cell anemia (HbSS) and
sickle cell hemoglobin trait (HbAS) in coastal regions of Colombia. Blood samples from 71 HbAS and 79 HbSS indi-
viduals were obtained. Haplotypes were determined based on the presence of variable restriction sites within the
�-globin gene cluster. On the Pacific coast of Colombia the most frequent haplotype was Benin, while on the Atlantic
coast Bantu was marginally higher than Benin. Eight atypical haplotypes were observed on both coasts, being more
diverse in the Atlantic than in the Pacific region. These results suggest a differential settlement of the coasts, depend-
ent on where slaves were brought from, either from the Gulf of Guinea or from Angola, where the haplotype distribu-
tions are similar. Atypical haplotypes probably originated from point mutations that lost or gained a restriction site
and/or by recombination events.
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Sickle cell anemia (SCA) is a hemoglobin disorder
characterized by the presence of hemoglobin S caused by a

mutation (A � T) in the sixth codon of the �-globin gene
(HBB), producing a substitution of glutamate for valine,
giving rise to an abnormal hemoglobin called hemoglobin
S (HbS). The incidence of SCA in Colombia is higher in
coastal regions where more people of African descent live.

The frequency of the beta S-globin allele (�S) in these two
regions varies between 5% and 8% on the Pacific Coast and
from 10% (Cartagena) to 12% (Providencia) on the Atlan-
tic Coast (Silva et al., 1998; Bernal et al., 2010).

Five typical haplotypes have been identified in the

�-globin gene cluster, four of which are associated with
HbS in Africa (Benin, Bantu, Senegal and Cameroon) and
the other one originates from North India and the Arabian
Peninsula (Arab/Hindu) (Pagnier et al., 1984; Lapoume-
roulie et al., 1992). These haplotypes have an effect on the
severity of the disease. Their variable constituent restric-

tion sites are therefore becoming candidates for affecting
the severity of SCA (Steinberg, 2009). Furthermore, these
haplotypes have a well-defined geographic distribution in
Africa, making it possible to establish the origin of Afri-
can-descendant populations in America (Pagnier et al.,
1984; Serjeant, 1989).

In a previous study conducted in northwestern Co-
lombia, the haplotypes Bantu and Benin were reported as
predominant, suggesting that this population may stem
from slaves brought mainly from Angola and São Tomé, in
Africa (Cuellar-Ambrosi et al., 2001). Since the frequency
and origin of the haplotypes associated with HbS have not
yet been established either on the Atlantic or on the central
Pacific coast of Colombia, the purpose of this study was to
obtain data to this effect.

Blood samples were collected from individuals who
had been classified as positive for sickle cell hemoglobin
(Hb S) using the metabisulfite test at the San Jerónimo hos-
pital in Montería (Department of Cordoba), the Napoleon
Franco hospital in Cartagena (Department of Bolivar), both
on the Colombian Atlantic Coast, the Hospital Regional de
Buenaventura (Buenaventura) and the Hospital Univer-
sitario del Valle - HUV (Cali), both on the Colombian Pa-
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cific Coast (Department of Valle del Cauca). Of the
samples collected, 52 were from the Pacific and 98 from the
Atlantic coast. All the patients in this study were older than
2 years and samples were taken after parents or patients had
given written informed consent. This research was ap-
proved by the ethics board of Universidad del Valle (Ap-
proval act 09-09).

DNA was extracted using the salting out technique
(Miller et al., 1988). The genotype at the HbS locus was de-

termined by amplifying the �-globin 5’ region, as described
by Attila et al. (2004), because this technique allows a pre-
cise genotyping of the locus. Amplicons were digested with
restriction enzyme DdeI (Fermentas, Vilnius, Lithuania)
according to the supplier’s instructions. Restriction frag-
ments were visualized by polyacrylamide gel electrophore-
sis (PAGE) (8%) with silver staining. Haplotypes were

built using restriction enzyme sites in the �-globin gene

cluster 5�, IVSII�G and IVSII�A (Varawalla et al., 1992).
These sites are haplotype-tagging SNP’s (htSNP’s) and de-
fine the diversity of haplotypes in this region (Liu et al.,
2009). In addition to these, the XmnI site was also included
because it has an influence on the expression of HbF (Green
& Barral, 2011). The PCR primers used for this region
were: F 5’-CAGGCCTCACTGGAGCTACAGAC-3’ and
R 5’-ACCTCAGACGTTCCAGAAGCGAGT-3’. These
primers were designed using the PRIMER3 software
(Untergasser et al., 2012). The PCR cocktail contained

50 ng of genomic DNA in a total volume of 25 �L with

0.12 �M of each primer, 0.01 mM dNTP’s, 1X TRIS-HC1
buffer (pH 8.4), 50 mM KC1, 1 mM MgCl2 and 1U Taq

polymerase (Bioline, London, United Kingdom). The PCR
conditions were: initial denaturation at 92 °C for 5 min, fol-
lowed by 30 cycles at 93 °C for 1 min, annealing at 68 °C
for 1 min, extension at 72 °C for 1.5 min, and a final exten-
sion step at 72 °C for 3 min. DNA fragments were ampli-
fied and then digested with the appropriate enzyme to
establish the haplotypes. Digestion was performed as de-
scribed by Varawalla et al. (1992), and the DNA fragments
were visualized by electrophoresis in polyacrylamide gels
(8%) and assembled into haplotypes using the Haploview
version 4.2 software (Barrett et al., 2005). In the case of
sickle cell trait, the HbS locus was included to sort out the
haplotypes linked to the HbS mutation from those which
were not.

Molecular screening sorted these samples into 79
homozygotes (HbSS) and 71 heterozygotes (HbAS), so 229
chromosomes with the mutation were studied. The most
frequently observed haplotypes were Bantu and Benin.
However, on the Pacific coast, the frequency of the Benin
haplotype was significantly higher than that of Bantu (43%
and 23%, respectively), while on the Atlantic coast, the fre-
quency of Bantu was marginally higher than that of Benin

(33% and 29%, respectively). Other “typical” haplotypes
had frequencies lower than 6%. Senegal and Arab/Hindu
haplotypes were observed only on the Atlantic coast. This
is the first report about the presence of the Arab/Hindu
haplotype in Colombia. Worthy of note is the presence, on
both coasts, of the Cameroon haplotype (which is limited
to a Cameroonian ethnic group, the Eton), with frequen-
cies of 6% on the Pacific and 4% on the Atlantic coast (Ta-
ble 1).

Atypical haplotypes were more frequent on the Atlan-
tic than on the Pacific coast (Table 1), with seven atypical
haplotypes described on the former and four on the latter.
The haplotype “+---” was observed on both coasts (13% on
the Pacific and 9% on the Atlantic coast), followed by
“-+--”, with a frequency of 10% on the Pacific and 6% on
the Atlantic coast.

Atypical haplotypes could be products of gain or loss
of restriction sites in typical haplotypes, and this is proba-
bly the cause of the differences observed between atypical
and typical haplotypes. This might be the case of the atypi-
cal haplotypes “-+--” and “+---”, which showed gain of a
restriction site compared to the profile of the Benin haplo-
type. However, more information besides differences in the
profile of restriction sites is needed to define the relation-
ship between typical and atypical haplotypes.

The results obtained in this research show that the
Benin haplotype is the most frequent on the Pacific coast, a
result that is similar to that observed in the Southwest of the
United States, in the state of Aragua in Venezuela and in
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Table 1 - Distribution of haplotypes associated with hemoglobin S in
Buenaventura, Cali, Montería and Cartagena, Colombia. Frequencies
were determined for the number of haplotypes associated with the beta-
globin cluster.

Haplotypes 5�-5�G-IVSII�G

IVSII�A

Absolute frequency
(%) Atlantic coast

Absolute frequency
(%) Pacific coast

Bantu 52 (33) 16 (23)

Benin 46 (29) 30 (43)

Senegal 10 (6) -

Arab-Hindu 1 (1) -

Cameroon 6 (4) 4 (6)

Atypical -+-+ 9 (6) -

Atypical -+--* 10 (6) 7 (10)

Atypical +---* 15 (9) 9 (13)

Atypical +--+& 3 (2) -

Atypical -+++ 4 (3) -

Atypical ---+ - 1 (1)

Atypical +-+-** 2 (1) 2 (3)

Atypical ++-- 2 (1) -

*Haplotype derived from the Benin haplotype.
**Haplotype derived from the Bantu haplotype.
&Haplotype derived from the Cameroon haplotype.



Canada, where Benin predominates over the other haplo-
types (Oner et al., 1992; Moreno et al., 2002). On the At-
lantic coast of Colombia, the Benin and Bantu haplotypes
have very similar frequencies, a situation similar to that re-
ported by Lyra et al. (2005) for Salvador, Bahia, Brazil.
The predominance of those haplotypes on the Atlantic
coast of Colombia may indicate migration from the Gulf of
Guinea and South West Africa, resulting in a differential
distribution of haplotypes on both coasts, due to the differ-
ent sites where the slaves were brought from.

Since 1640, the Colombian Pacific coast had received
a massive influx of slaves from the West coast of Africa
(Benin, Ivory Coast, Guinea-Bissau, Senegal, Sierra Le-
one, and Mali), mainly to work in the local mines (Postma,
1975). As the Benin haplotype is predominant in these re-
gions of Africa (Pagnier et al., 1984), this probably ex-
plains the high frequency of the Benin haplotype on the
Colombian Pacific coast. On the other hand, the Atlantic
coast received, ever since the beginning of the slave trade,
individuals from Sene-Gambia (where the Benin haplotype
has a high frequency) as well as from Angola, where the
Bantu haplotype is the most frequent. These slaves were
taken to mining areas within Colombia (Navarrete, 2005).
It should be noted that the frequency of the Benin haplotype
on the Pacific coast (43%) differs from that reported by
Cuellar-Ambrosi et al. (2001) for this haplotype (34.8%).
Apparently, the Central and Northern Pacific coasts under-
went different periods of settlement, with settlers of differ-
ent origins.

The atypical haplotypes observed in this population

may have been generated by recombination between a �S

and an A chromosome, through a hot-spot recombination in

the �-globin 5’ region. Another mechanism could be the
loss or gain of a restriction site through point mutations
(Zago et al., 2000). The high number of atypical haplotypes
on the Atlantic coast could be due to the arising of an iso-
lated population called “Palenque”. Such settlements are
prone to high endogamy, which increases the frequency of
“rare” haplotypes.

The high frequency of Benin and Bantu haplotypes
could result in a high incidence of severe cases of SCA in
Colombia. It is therefore important to establish the clinical
impact of atypical haplotypes on this disease.
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