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Origin and spread of HbG-San Josè in Southern Italy

We found that the HbG-San Josè mutation was associated
with haplotype VII [- - - - / - +] in four families from Cam-
pania and in one family from Calabria, and with the haplo-
type IV [+ - + + / - +] in two families from Eastern Sicily.
These results support the hypothesis that the mutation had a
unique origin in Southern Italy and a subsequent recombina-
tion event gave rise to the background heterogeneity.

HbG-San José or β7(A4)Glu→Gly, first described in a family
of Calabrian origin,1 has been reported in a few families from
Southern Italy, Calabria2 and Eastern Sicily,3,4 and in Mexico.5
The mutant allele has been found associated with haplotype IV
in a cluster of four families and three unrelated heterozygotes
identified in Grammichele, a small town near Catania.6 These
findings have led to the hypothesis that the mutation had a
unique origin in Eastern Sicily and that its prevalence in Gram-
michele was due to a founder effect.6

Here we report the restriction fragment length polymorphism
(RFLP) characterization of haplotypes associated with the HbG-
San José allele in seven families originating from Southern Italy.
The observed heterogeneity of the chromosomal background of
the haplotypes gave new insights into the origin and spread of
the mutation in Italy.

Blood samples were collected into vacutainers with Na2EDTA
as anticoagulant. Hematologic parameters were measured by
standard methods. Ion exchange high performance liquid chro-
matography (HPLC) of hemoglobin (Hb) was carried out using the
Diamat System (Bio-Rad Laboratories, Richmond, CA, USA). DNA
was prepared from white blood cells by the high salt method. A
DNA 609 bp fragment was amplified using the primers: 5'-
TAAGCCAGTGCCAGAAGAGCC-3’ (-138//-158) and 5'-
CACTCAGTGTGGCAAAGGTG-3’ (+432//+541). DNA sequencing
was performed by polymerase chain reaction (PCR) amplification
and direct sequencing.7 RFLP characterization of the β-globin
gene cluster was carried out as previously reported7 or by diges-

tion of the specific PCR amplified fragments.8
Seven unrelated families originating from three different

regions of Southern Italy, four from Naples, one from Calabria
and two from Eastern Sicily were studied. The heterozygous sub-
jects did not have any clinical symptoms. They had normal hema-
tologic parameters and 28-38 % of a Hb variant eluted after the
HbA2. The GAG→GGG mutation at codon 7, leading to the
Glu→Gly amino acid substitution in the β-globin chain, was
characterized by DNA sequencing.  Hind III/Gγ and Aγ, Hinc II/ϕβ
and 3' ϕβ, Ava II/β and Bam HI/3' β RFLPs were characterized
in all the patients and their relatives. Family linkage analysis
indicated that the HbG-San Josè mutation was associated with
two different haplotypes: VII and IV (Figure 1).  Both haplotypes
showed the same 3' subhaplotypes [- +] due to the absence of
the Ava II/β and to the presence of the Bam HI/3' β restriction
site . In contrast, the four families from Campania and the
patient from Calabria had the 5' subhaplotype [- - - -], where-
as the two families from Eastern Sicily had the 5' subhaplotype
[+ - + +]. 

This heterogeneity may be explained by two mechanisms: 1)
a unique origin of the mutation followed by a recombination
event; 2) recurrent origin. Two considerations render the first
hypothesis more likely. First, the Hb variant allele is associated
in all cases with the same 3' subhaplotype [- +]. Second, this 3’
subhaplotype is rare, being associated only with haplotypes IV,
VI and VII, which have a frequency of 3.3%, 0% and 9.8%,
respectively, in the Mediterranean population.9 It appears unlike-
ly that recurrent mutational events have occurred on a rare 3'
subhaplotype.  In this unicentric hypothesis the heterogeneity of
the 5' subhaplotype can be explained by a subsequent recombi-
nation event occurring in a 12 kb region located between the
two subhaplotypes (Figure 1), which is reported to have high
recombination rate.10

The results reported here indicate that HbG-San Josè-haplo-
type VII spread in large areas of Southern Italy, such as Campa-
nia and Calabria and that HbG-San Josè-haplotype IV spread in
a restricted region around Catania, including Grammichele.6 The
clustering of HbG-San Josè-haplotype IV in Eastern Sicily might
be due to a founder effect, as already proposed for Gram-

Figure 1. Top: β-like globin gene cluster with the HbG-San Josè allele and with the position of the principle RFLPs. Bottom: Hap-
lotypes associated with the HbG-San Josè allele. Left, the 5' subhaplotype; right the 3' sub-haplotype; in the middle the region
of recombination of the two subhaplotypes. 
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michele.6 Knowledge of the haplotype associated with the HbG-
San Josè in other families, particularly from Western Sicily,
would be of great interest in order to trace the spread of this
mutation. 
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