
Malaysian J Path01 1995; 17(2): 61 - 65 

Nucleotide 1376 G+T Mutation in G6PD-deficient Chinese in Malaysia 
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Abstract: 

G6PD deficiency is the most common human enzymopathy and affects 200 million people worldwide. 
To date more than 400 biochemical variants and at least 60 different point mutations in the G6PD 
locus have been discovered. In Malaysia the overall incidence of G6PD deficiency among males is 
3.1 %, being more prevalent among the Chinese and Malays and less common among the Indians. As 
part of our initial effort to characterise G6PD deficiency in the Malaysian population, we investigated 
18 G6PD deficient Chinese male neonates for the G6PD mutation G+T at nt 1376, a common 
mutation seen among the Chinese in Taiwan and mainland China. The mutation was detected by a 
PCR-based technique using primers that artificially create a site for restriction enzyme Xho I. We 
found 61 % (1 1 out of 18 ) of the Chinese G6PD deficient male neonates positive for this mutation. 
Study of enzyme electrophoretic mobility in 7 of the cases positive for this mutation revealed three 
different patterns of mobility. 107% (5 out of 7), 103% (1 out of 7 ) and 100% (1 out of 7 ). This study 
shows that mutation G+T at nt 1376 is a common allele causing G6PD deficiency in Malaysians of 
Chinese origin. The finding of different patterns of electrophoretic mobility among the 7 cases 
positive for 1376 G+T mutation supports the notion that diverse biochemical variants may share the 
same mutation. 
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INTRODUCTION 

Glucose-6-phosphate dehydrogenase (G6PD) is 
an important enzyme in the hexosmonophosphate 
oxidative pathway and plays a key role in the 
production of NADPH required for the 
detoxification of the toxic products of oxidative 
stress. G6PD deficiency is the most common 
enzymopathy in humans, affecting more than 
200 million people worldwide and is a sex- 
linked disorder. The three geographical areas 
where this condition is most common are Africa, 
the Mediterranean area and Southeast Asia. It is 
prevalent in almost all the populations in 
Southeast Asia. G6PD deficient individuals are 
usually healthy but acute haemolysis may occur 
with ingestion of certain drugs, food, exposure 
to certain chemicals or accompanying infections. 
More important is its association with neonatal 
jaundice and hence a risk to development of 
kernicterus and mental retardation. This 
association is especially important among G6PD 
deficient individuals in Asia making this enzyme 
defect an important health problem in this part 
of the world. 

Studies have shown the existence of different 
variants causing G6PD deficiency in different 

ethnic groups. 4-5 These variants may show 
different enzyme levels in red cells as well as 
different enzyme properties as measured by 
biochemical paramenters and to date more than 
400 biochemical variants have been described 
worldwide. Since the cloning of the G6PD gene 
at least 60 different point mutations have been 
discovered indicating molecular heterogeneity 
of the G6PD enzyme that causes G6PD 
defi~iency.~ These biochemical and molecular 
parameters may be important determinants of 
severity of clinical manifestations and perhaps 
important predictors of severe haemolysis. 

Several variants have been described at the 
G6PD locus among the populations of Asia. 
Most studies on biochemical characterisation of 
G6PD variants have been carried out in Thailand, 
Papua New Guinea, Indonesia (Bali) and China 
(Guandong province) and Japan, exploring a 
very high degree of heterogeneity at the Gd 
locus in these populations. 7-1' At least 30 
biochemical variants and seven different types 
of mutations have been indentified among the 
Chinese from mainland China.12 Chang et. al. 
found that five different mutations account for 
more than 90% of cases of G6PD deficiency 
among the Chinese in Taiwan with the mutations 
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G+T at nt 1376 (50%) and G+A at nt 1388 Enzyme electrophoresis was carried out on 
(21.3%) showing more than 70% occurrence cellulose acetate gel in TBE buffer pH 8.6 in 7 
rate.I3 of the cases found to be positive for the mutation. 

Malaysia like many countries in Southeast 
Asia is not spared of the problems of G6PD RESULTS 
deficiency, where the overall incidence among 
males has been found to be 3.1%. Previous 
reports have been limited to the study of its 
prevalence and its association with neonatal 
jaundice.I4-l6 There has been no report so far on 
the study of biochemical or molecular variants 
in any of the ethnic groups in Malaysia. In this 
communication we report on the occurrence of 
a common molecular G6PD variant among the 
Chinese in Malaysia, a variant which was shown 
to be common among the Chinese in Taiwan 
and mainland China. We used the method 
suggested by Chang et.  al. to detect the G6PD 
mutation G+T at nt 1376 in 18 male G6PD 
deficient Chinese neonates. 133" 

MATERIALS AND METHODS 

Eighteen Chinese male G6PD deficient newborns 
delivered in the Maternity Hospital Kuala 
Lumpur were studied. Initial diagnosis of G6PD 
deficiency was made by fluorescent spot test 
carried out on dried blood samples collected on 
Whatman filter paper in the Hospital. 5 m1 of 
blood samples were collected for repeat 
fluorescent spot test, determination of G6PD 
enzyme activity, electrophoretic mobility, 
reticulocyte count, full blood picture and DNA 
analysis. 

Total genomic DNA were prepared from 

Fig. 1 shows a photograph of the pattern of PCR 
products which have been digested by restriction 
enzyme Xho I and run on a 3.5% agarose gel. 
Alleles carrying the G6PD mutation G+T at nt 
1376 produced 2 DNA fragments of sizes 192 
bp and 21 bp (this fragment is not detectable in 
agarose gel) after digestion with Xhol. Normal 
alleles produced an undigested DNA fragment 
of 213 bp. 

Eleven (61%) out of the 18 G6PD deficient 
samples examined were positive for this 
mutation. Electrophoretic mobility studies in 7 
of the cases demonstrated three different patterns 
of mobility with 6 of them being fast bands out 
of which 5 showed 107% and one showed 103% 
mobility. The remaining case showed normal 
electrophoretic mobility. Fig. 2 illustrates the 
different patterns of electrophoretic mobility in 
2 of the cases positive for mutation 1376 G C .  
The red cell enzyme activities of these cases 
range from 0.18 iu/g Hb to 0.9 1 iulg Hb. 8 cases 
positive for this mutation had severe enzyme 
deficiency (G6PD activity 4 0 %  of normal), 
and 3 had moderate to mild enzyme deficiency 
(G6PD activity 10% - 60% of normal). l9 All the 
11 cases had neonatal jaundice but none with 
severe hyperbilirubinaemia. 

DISCUSSION 
peripheral blood leucocytes of affected subjects In this study we have examined the DNA of 18 

standard method' The detection of G6PD G6PD-deficient Malaysian Chinese male 
G-rT at nt 1376 was carried Out neonates for the G6PD mutation G+T at 

selective amplification of exon 12 by PCR using nucleotide 1376 and found the frequency to be 
oligonucleotide primer sequences suggested by 61%. This finding is comparable to the findings 
Chang et.  a1 which were designed to create a by Chang et.  al. and Xu W et .  al. when they 
restriction site for enzyme Xhol. l3 The reaction studied the frequency of this mutation in the 
condition was optimized by using the following Chinese in Taiwan and mainland China 

mmolll, DNTP 200 respectively. (-'hang e t  al. in a study in Taiwan 
pmol/l, each primer 0.1 pm0111 and Taq found five different mutations that accounted 
po1yrnerase The was performed On a for 90% of the G6pD deficiency among the 
DNA C~cler  480 (Perfin using Chinese, the most common mutation being G+T 
annealing temperatures calculated according to at nt 1376, making up 50% of the cases studied. 
Tm primer pairs and run at 30 with a 17 XU W et. studied 21 cases of G6PD 
further 10 minutes extension at 72" C. The deficient Chinese from South China and found 
amplified products were digested with restriction 10 cases (50%) positive for mutation G+T at nt 
enzyme Xho 1 followed by electrophoresis on a 1376. 19 The high frequency of this mutation 
3.5% agarose gel. seen in our G6PD deficient Chinese population 

The were assayed the is not unexpected as the majority of Malaysian 
WHO standardised method for G6PD assay of Chinese are descendents of immigrants from 
haemolysates on the same day of collection. l* southern mainland China. 
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FIG. 1: The results of PCR products digested with restriction enzyme Xho 1 for the 1376 G-tT mutation. X 
represents the X174 DNA size marker. Rows marked N represent individuals negative for mutation 1376 G-T 
(normal allele) showing a 213 bp DNA fragment. Rows markd M represent individuals positive for mutation 1376 
G-T (mutant allele) showing a 192 bp DNA fragment. 

Hb G6PD 
FIG. 2: The results of G6PD enzyme electrophoretic mobilities in 2 cases positive for mutation G+T at nt 1376. 
Rows 1 and 3 represent patients with mutation at nt 1376 (107% and 103% mobilities, respectively); row 2 is the 
normal control (100% mobility). 
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Enzyme electrophoretic studies in 7 cases 
positive for G+T mutation at nt 1376 revealed 
three different patterns of mobility reflecting 
phenotypic heterogeneity of this mutation. It is 
known that the same type of G6PD mutation can 
result in different biochemical variants. 20 There 
appears to be a high occurrence (5 out of 7) of 
a variant that shows a mobility of 107% 
associated with severe enzyme deficiency. It is 
most likely that this variant belongs to the group 
G6PD Canton, an electrophoretically fast G6PD 
variant belonging to class I1 (WHO classificaton), 
reported to be common in Asia. 21,22 G6PD Canton 
was first described in 5 Chinese males who lived 
in the United States and Canada by MC Curdy et. 
al. 21 and was later found in four Chinese males 
from Hong Kong and a Thai male. 23,24 Stevens 
et. al. initially discovered the mutation G+T at 
nt 1376 in a patient with G6PD Canton. 25 At the 
same time Chiu et al. independently identified 
the same mutation in association with three 
other Chinese G6PD variants (G6PD Taiwan- 
Hakka, Gifu-like and Agrigento-like) in 
Guangdong, China. 23 The Taiwan Hakka variant 
is also a fast variant but with mobility slower 
than the Canton variant. It is most likely that one 
of our cases who demonstrated electrophoretic 
mobility of 103% belong to the Taiwan-Hakka 
variant. Complete biochemical characterisation 
was not carried out in this study as it was not 
possible to collect large amounts of blood from 
the neonates. 

In our previous observation we have found 
that 66.7% of our G6PD deficient male Chinese 
had severe enzyme deficiency (unpublished 
data). In this study we found all (including all 
those with mutations uncharacterised) except 
three cases who were positive for mutation G+T 
at nt 1376 had severe enzyme deficiency. In the 
latter three cases with moderate enzyme activity 
the electrophoretic mobilities were not 
determined. Whether these represent different 
biochemical variants or whether there was a 
false high estimation of the red cell enzyme 
activity due to contamination with buffy coat in 
severely G6PD-deficient individuals needs to 
be verified. It is known that G6PD-deficient 
samples contaminated with buffy coat or with 
high white cell count may give a false high red 
cell enzyme activity because expression of 
activity is less severe in white cells. 

We have found that all the cases positive for 
the mutation G+T at nt 1376 had neonatal 
jaundice within the first few days of life, but 
none with severe hyperbilirubinemia. Further 
studies are required to determine whether there 

is an association between the nature of this 
mutation and the severity of neonatal jaundice. 

In conclusion, we have found that mutation 
G+T at nt 1376 is a common allele causing 
G6PD deficiency in Malaysian Chinese. Our 
observation that there are three different patterns 
of electrophoretic mobility in G6PD deficient 
patients carrying the mutation G+T at nt 1376 
supports the notion that diverse biochemical 
variants may share the same point mutation. 
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