
INTRODUCTION

Glucose-6-phosphate dehydrogenase
deficiency (G6PDD) is one of the most common
inherited disorder of red blood cell in human
affecting more than 400 million people worldwide.
G6PDD is caused by defects in g6pd gene and
results in a number of different hemolytic anemias
due to exposing to some oxidative agents.1 G6PD
enzyme catalyses the first step of the pentose
phosphate pathway and provides cells with required
NADPH for biosynthesis and protecting them
against oxidative stress, therefore is vital for cell
survival.2 Since G6PD is the only source of NADPH
generating enzyme in erythrocytes and the
important function of this enzyme is detoxification
of oxidative agents, erythrocytes are much more
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ABSTRACT

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is one of the most frequent genetic
enzymatic disorder in humans. G6PD is inherited as an X-linked recessive gene and encodes a vital
housekeeping enzyme. The predominant variant of G6PD is named Mediterranean, often associated
with Favism. Most G6PD-Mediterranean subjects also have a silent transition (C1311T). In the present
study 1065 simple randomly selected blood samples of male donors from Ahvaz Blood Bank, using
fluorescent spot test to determine G6PD deficiency in Khuzestan province. G6PD deficiency was
found in 126 samples, 70 out of 126 samples were G6PD Mediterranean and the rest of them were
shown other variants of G6PD deficiency including Chatham (19 samples), Cosenza (5 samples) and
undefined G6PD gene mutation (32 samples). The association between C1311T silent polymorphism
in all the G6PD deficiency samples and 70 male controls in Khuzestan province in Iran were studied.
Screening was carried out by PCR-RFLP method. Prevalence of C1311T polymorphism was 92.8%
among 70 Mediterranean samples and 15.7% among control group respectively. No patient was found
for C1311T polymorphism in non-Mediterranean G6PD deficiency group. Statistical analysis showed
a strong association between C1311T polymorphism and G6PD-Mediterranean (P<0.001). However,
association between C1311T polymorphism and non-Mediterranean G6PD deficiency did not confirm.
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sensitive to lack or deficiency of this enzyme rather
than other tissues.3

G6PD is known as one of the most
polymorphic enzymes in human with respect to its
biochemical and genetic character.1 Approximately
all g6pd mutations occur in coding region and mainly
result in single amino acid substitutions.4 No large
deletion or frameshift mutation have been
reported in this gene until now. This confirms that
a total lack of G6PD is incompatible with life.

The G6PD gene located at chromosome
Xq28, consists of 13 exons, and encodes a
housekeeping enzyme expressing in all body
tissues.4 Since G6PDD is an X-linked recessive
disorder therefore it is more frequent in males than
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females. On the other hand distribution of G6PDD
is highly correlated with the distribution of current
or past malaria endemicity, because, G6PDD
confers a reduced r isk of infection by the
plasmodium parasites.5,6

Some clinical manifestations of G6PD
deficiencyý are chronic non-spherocytic hemolytic
anemia, neonatal jaundice and acute hemolytic
anemia related to infection, ingestion of Fava Bean
(Favism) or some chemical agents or medicine.1

More than 380 different variants have been identified
so far. 7,8A predominant variant of G6PD named
Mediterranean is often associated with Favism.
G6PD Mediterranean deficiency mutation causes
C-T transition at position 563, converting Serine to
Phenylalanine. The most G6PD-Mediterranean
subjects also have a silent C>T transition (without
amino acid replacement) at nucleotide position 1311
in exon11.9

Khuzestan Province (site of study) is
located in the southwest of Iran. It borders Iraq in
the west and Persian Gulf in the south. Most Iranian
Arabs live in Khuzestan regions.

MATERIAL AND METHODS

In this study 1065 simple randomly
selected blood samples of male donors from blood
bank center of Ahvaz were gathered. All samples
were collected with written informed consent.
Peripheral blood samples were collected in 0.5 M
EDTA solution (Sigma) and kept at -70ºC.

G6PD deficiency diagnostic test for
screening was done by fluorescent spot method
(Sigma Diagnostics, Germany). Diagnosis of G6PD
deficient samples using this test is based on
observation of fluorescent light resulted by
production of NADPH by G6PD enzyme, under UV

light. This semi-quantitative assay is reliable and
highly sensitive which classifies a sample simply
as “normal” or “deficient”.10

Genomic DNA was extracted from white
blood cells of the samples by standard method of
DNA extraction kit procedure (High Pure) from
Roche Molecular Biochemicals, Switzerland. The
association between C1311T silent polymorphism
in the G6PDD samples and 70 male controls in
Khuzestan province in Iran were screened. DNAs
of total samples were amplified for C1311T silent
polymorphism using PCR. PCR reaction was
performed using F-Med (5´-TGT TCT TCA ACC
CCG AGG AGT-3´) and R-Med (5´-AAG ACG TCC
AGG ATG AGG TG A TC-3´) primers to amplify the
exon 11 and flanking regions, involving C1311T
silent polymorphism. The PCR reaction was carried
out for 35 cycles (each cycle consisted of 30
seconds with the following temperatures:
denaturation: 94, annealing: 58 and extension: 72).
Using 0.5 unit of Taq DNA polymerase (Fermentas
GmbH, Germany) in a final volume of 25 µL. Then
the PCR products were run on 1.5% agarose gel to
verify the fidelity of PCR reaction. The C1311T silent
polymorphism creates a new Bcl-1 enzyme (New
England Biolabs. Ltd, Hitchin, UK) recognition site,
so PCR products were digested with 0.7 unit of this
restriction enzyme following PCR amplification for
16 hours at 55ºC. The products were run on 3%
agarose gel to detect the mutation.

RESULTS

G6PD deficient subjects were detected,
using fluorescent spot test. G6PD-deficiency was
found in 126 male samples which 70 samples were
G6PD-Mediterranean and rest of them (56 samples)
were other kind of G6PDD including Chatham,
Cosenza and unknown G6PDD mutation.

Table 1: Frequencies of polymorphism mutation nt 1311 in G6PD mutations

Mutations 1311C 1311T Total number

Mediterranean 5 (7.2%) 65 (92.8%) 70
Chatham 19 (100%) - 19
Cosenza 5 (100%) - 5
Another kind of G6PDD for mutation 32 (100%) - 32
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Subsequently, 70 G6PD Mediterranean
males, 70 controls and 56 other kind of G6PDD
(Chatham, Cosenza and undefined G6PD
deficiency mutation) were analyzed by PCR-RFLP
method to character ize C1311T silent
polymorphism.

A 203 bp fragment involving exon 10-11
was amplified from genomic DNA by PCR with F-
Med and R-Med primers. Products were digested
with Bcl-1 enzyme to detect C1311T silent
polymorphism. The DNA with this mutation will be
cleaved at the new recognition site, then a new
fragment will be expected. After Bcl-1 digestion the
normal samples with no C1311T silent

polymorphism showed 203 bp fragments (59
samples) but normal samples with C1311T silent
polymorphism showed 180 bp fragments (11

Table 2: Prevalence percent of C1311T polymorphism in G6PD-Meditrranean and normal subjects

Subject without C1311T polymorphism with C1311T polymorphism Total number

G6PD- Med               5      65 (92.8%) 70
Control               59      11 (15.7%) 70

Table 3: Comparison prevalence percent
between G6PD-Mediterranean and C1311T

polymorphism in different area

Area Accompaniment
percent

Mediterranean countries 95.4
Arabian countriesIran 95
-Kermanshah 90.3
-Khuzestan 92.8

Lane 1: G6PD-Mediterranean without C1311T polymorphism

Lanes 2 and 3: G6PD-Mediterranean with C1311T polymorphism.

M: 50 bp size marker.

Lanes n1, n2 and n4: Normal without C1311T polymorphism.

Lanes n3 and n5: Normal with C1311T polymorphism.

Fig. 1: Results of RFLP-PCR in G6PD deficient and normal subjects
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samples). Therefore 203 bp band for G6PD
Mediterranean with no C1311T silent polymorphism
(5 samples) and 180 bp for G6PD Mediterranean
with C1311T silent polymorphism (65 samples,
Table 1) subjects detected on agarose gel (Fig. 1).
The 56 samples (other kind of G6PDD including
Chatham, Cosenza and undefined mutation) which
did not have C1311T polymorphism, showed 203
bp fragments. In this study we came out with the
following results, illustrated in Table 2.

DISCUSSION

More than 130 different mutations have
been described for the g6pd gene. The frequency
of G6PD deficiency in the Middle East varies widely,
ranging from 1% for Egyptian to 11.5% for some
ethnical groups of Iran.11 According to the report of
WHO the overall incidence of G6PD deficiency
among the Iranian population was, 10%-14.9%.12

G6PD Mediterranean is the most prevalent
G6PD deficient variant in many Middle East and
Iran neighboring countr ies such as Turkey,13

Pakistan,14 India,15 Bahrain,16 Kuwait,17 Oman,18

Iraq,19 Saudi Arabia20 and the countries around the
Mediterranean Sea.2 According to previous studies
of g6pd gene in different provinces of Iran, G6PD
Mediterranean has the most frequency among the
other variants.21

The malaria parasite has been prevalent
and endemic in some regions of Iran in the past or
currently. On the other hand some g6pd variants
such as G6PD Mediterranean decrease infection
risk of malaria, thus this disorder has a high
incidence rate in these regions.13

Results in the present study showed that
the most G6PD Mediterranean subjects also have
the silent C to T transition at the nucleotide position
1311 in exon 11 of g6pd gene.

Our finding showed 65 out of 70 individuals
with Mediterranean-G6PD have C1311T mutation
(Table 2), this finding indicates a strong association
between C1311T polymorphism and G6PD
Mediterranean deficiency in Khuzestan population
(p<0.001).

However both G6PD Chatham and
G6PD Cosenza were l inked to the 1311C
polymorphism. It is well established that there
is a marked linkage disequilibr ium between
silent polymorphic sites with coding sequence
polymorphisms.5 The Mediterranean mutation
in Europe and Middle East is associated with a
silent C>T transition at nucleotide position 1311.
However, in the Western coast of south Italy
and in India this mutation is associated with
1311C.22-24

The findings in this study indicate that
G6PD Mediterranean mutation is of different origin
in the Middle East, compared to other parts of Asia
including India (Table 3).

The G6PD Mediterranean mutations with
haplotype 1311C could be the result of either an
interallelic crossover or population admixture. Also,
the presence of strong association of the G6PD
Mediterranean mutation and the presence of the
polymorphism nucleotide 1311 C>T in the
Khuzestan population demonstrate that the
presence of this mutation may be the result of
migrations that have taken place through the history
of Iran.

Chatham and Cosenza chromosomes
in the present study had 1311C haplotype. On
the other hand in five Chatham chromosomes
from Kuwai t  and one f rom Oman, 1311C
hap lo type  was  found . However  i n  two
Chatham chromosomes f rom Alger ia and
Oman there were the 1311T haplotype.25 In
conclusion, finding the Chatham mutation on
different chromosomal background could be
the result of recombination or an independent
origin of the mutations.
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