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The XmnI Gg -polymorphism (C–T polymorphism at position -158 to the Gg-globin gene)

was studied in 13 individuals from six unrelated Pakistani families with db-thalassemia.

All of the subjects had the Asian-Indian Inv/Del Gg (Agdb)� that included six heterozygotes,

six homozygotes, and one compound heterozygote of db- and b-thalassemia. All seven

db-thalassemia heterozygotes (including one compound heterozygote) had the -/+ geno-

type, whereas all six of the homozygotes had the +/+ genotype. The results strongly

suggest a tight linkage between the XmnI Gg -polymorphism and the Asian-Indian Inv/Del
Gg(Agdb)�. The finding could explain the unusually well-preserved capacity to produce

fetal hemoglobin in db-thalassemia. Am. J. Hematol. 80:303–305, 2005. ª 2005 Wiley-Liss, Inc.
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INTRODUCTION

The db-thalassemias are mostly caused by gene
deletions that can be divided into (db)� and (Agdb)�,
depending on whether the Gg gene is preserved or not
[1]. In spite of the deletion of the entire d- and the
b-globin genes, these patients suffer from a very mild
disorder, attributed primarily to the production of a
relatively large amount of g-chains after the neonatal
period. The study of deletions causing the disorder
has not identified any specific reason for the contin-
ued production of g-globin chains. The loss of regu-
latory regions for the g-genes in the deletions,
rearrangement of the sequences within the b-gene
complex bringing enhancer sequences close to the
Gg-globin gene promoter, and the loss of competition
for a common locus control region (LCR) between
the g-, d-, and the b-gene promoters may be involved
in the continued Gg-gene activity in db-thalassemia [2].
The presence of a C–T polymorphism at position
�158 to the Gg globin gene, recognized by XmnI, is
known to be associated with elevated Gg-globin pro-
duction [3]. The high Hb-F production in db-thalas-
semia and the linkage between the XmnI
polymorphism and db-thalassemia were studied in
six unrelated families from three diverse ethnic groups
in Pakistan.

PATIENTS AND METHODS

Thirteen individuals with a hematological diagnosis
of db-thalassemia from six unrelated Pakistani
families were studied. The DNA samples were
screened for the b-thalassemia mutations found in
the Pakistani population [4] and the Asian-Indian
Inv/Del Gg(Agdb)� mutation [1].

XmnI Polymorphism

A 641-bp fragment of DNA flanking the C–T poly-
morphism at �158 to the Gg-gene was amplified with
primers 50-GAACTTAAGAGATAATGGCCTAA
and 50-ATGACCCATGGCGTCTGGACTAG (Invi-
trogen, Carlsbad, CA). The amplified fragments were
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digested overnight at 37�C with 10 units of PdmI
(XmnI) restriction enzyme (Fermentas Life Sciences,
Vilnius, Lithuania). The results were read after
electrophoresis on 6% mini-polyacrylamide gel
electrophoresis (PAGE) and staining by silver nitrate.

RESULTS AND DISCUSSION

All 13 individuals from the six unrelated families
with a hematological diagnosis of db-thalassemia had
the Asian-Indian Inv/Del Gg(Agdb)� mutation. They
included six heterozygotes, six homozygotes, and one
compound heterozygote of db- and b-thalassemia
(IVSI-5 (G–C) mutation).
All seven db-thalassemia heterozygotes (including

one compound heterozygote) and the six homozy-
gotes had XmnI Gg �/+ and +/+ genotypes,
respectively (Fig. 1). Three of the six families were
Punjabi, one was Pathan, and two were from the
Bohra community. The three ethnic groups have
very different racial as well as geographical back-
grounds. This gives a clear evidence for the tight
linkage between the C–T polymorphism at �158 to
the Cap site of the Gg-globin gene and the Asian-
Indian Inv/Del Gg(Agdb)�.
The switch from fetal to adult hemoglobin is

incomplete, and in normal adults, a slight amount
of Hb-F is continuously produced. In b-thalasse-
mia, however, the ability to produce Hb-F is pre-
served to a variable extent, which also determines
the phenotypic severity of the disorder [2]. The

C–T polymorphism at position �158 to the
Gg-gene is known to be associated with enhanced
Hb-F production [3]. The XmnI site is thought to
be involved in the expression of the Gg-gene
through interaction with the transcription factors
that may be encoded by a quantitative trait locus
on chromosome 8 [5,6]. The association of Gg-poly-
morphism and increased production of Hb-F, caus-
ing lessening of the severity of the disorder is well
documented in sickling disorders from Saudi Ara-
bia and India [7,8]. Several b-thalassemia mutations
also show a milder phenotype when linked to the
XmnI polymorphism [9]. A linkage between theXmnI
Gg-polymorphism and any of the db-thalassemia
mutations has not yet been described. Our results pro-
vide yet another example of an association between the
polymorphism and a disorder characterized by high
levels of Hb-F and a very mild phenotype.
All reports of the association between the XmnI

Gg-polymorphism and the enhanced production of
Hb-F represent the b-gene mutations that leave its
promoter region intact. Ours is the first example in
which the polymorphism is associated with a comple-
tely deleted b-gene. Rare b-thalassemia deletions that
involve the promoter region of the gene have a mild
phenotype possibly because of the lack of competi-
tion between the b- and the g-gene promoters for the
common LCR [10]. What contribution the XmnI
polymorphism makes in the high Hb-F levels in db-
thalassemia is not known. A relatively more severe
phenotype and the level of Hb-F in b-thalassemia
associated with XmnI Gg-polymorphism compared
to the db-thalassemia [2] suggest that XmnI Gg-poly-
morphism may be significant but not the only factor
in causing the high Hb-F levels in db-thalassemia.
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Fig. 1. Silver-stained PAGE of the PdmI (XmnI)-digested
PCR products from patients with the Inv/Del Gg (Agdb)�
mutation. The 641-bp fragment represents the uncut (-)
site, while the 448- and 223-bp fragments represent the cut
(+) site. Samples 1, 3, and 6 are -/+, whereas samples 2, 4,
and 5 are +/+ genotypes.
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