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Abstract: In southern China, glucose-6-phosphate dehydrogenase (G6PD) deficiency is a significant health problem, 
and the incidence ranged from 0.5 to 4.08% in different Chinese population. The aims of this study are to inves-
tigate the molecular epidemiological characteristic of the G6PD gene among Chinese Hakka in southern Jiangxi 
province. 2331 unrelated subjects were screened for G6PD deficiency by a fluorescent test. DNA from deficient 
individuals was analyzed by a gene chip analysis for thirteen common Chinese G6PD mutations. In total, 3.60% 
(82/2331; 95% CI 2.77-4.27) of the sample were found to be G6PD-deficient. Eight mutations were found from 80 
samples. However, mutation(s) for the two remaining samples were unknown. The most common mutations were 
G6PD Canton (1376 G>T) and G6PD Kaiping (1388 G>A), and the following mutations were 1311 polymorphism 
(1311 C>T), G6PD Gaohe (95 A>G), G6PD Chinese-5 (1024 C>T), G6PD Maewo (1360 C>T), Shunde (592 C>T), 
G6PD Viangchan (871 G>A) and Chinese-3 (493 A>G). This is the first report of G6PD deficiency among Chinese 
Hakka population in Jiangxi province.
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Introduction

G6PD is a key enzyme in the pentose phos-
phate pathway that plays an important role in 
the body’s oxidative defenses by governing the 
formation of nicotinamide adenine dinucleotide 
phosphate-oxidase (NADPH) from nicotinamide 
adenine dinucleotide phosphate (NADP) [1]. 
Many variants of G6PD resulted from point 
mutations in the G6PD gene, cause deficiency 
of the enzyme. The situation is more frequently 
found in the male patients for the X-linked con-
dition. Affected individuals are usually asymp-
tomatic and not aware of their deficiency 
through their life [2]. However, G6PD deficiency 
may cause a large spectrum of diseases includ-
ing neonatal jaundice, acute hemolysis and 
severe chronic non-spherocytic hemolytic ane-

mia [3]. Worldwide, estimated 400 million peo-
ple carry a deficient variant of the G6PD gene, 
with disproportionately higher prevalence ob- 
served in tropical Africa, the Middle East, tropi-
cal and sub-tropical Asia including Southern 
China [4]. As previously reported, this deficiency 
has a prevalence of 0.5-10% in the different 
population of China [5, 6].

Ganzhou (Kanchow) is a large city covering the 
southern part of Jiangxi Province, with an area 
of 39,400 km2 and a population 8.96 million. It 
borders Fujian Province to the east, Guangdong 
Province to the south, and Hunan Province to 
the west (Figure 1). More than 95% people lived 
in Ganzhou are Hakka. Hakka is a intriguing 
Han Chinese populations that mainly inhabit 
southern China, which is characteristic of their 
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unique culture and is distinct from the tradition-
al culture of southern Hans (SHs), but show lots 
of similarities to that of northern Hans (NHs), 
including some features in dialects, life styles, 
customs, and habits [7, 8]. Many studies of 
genetic markers, such as autosomal microsat-
ellites/SNPs, and Y chromosome SNP, pre-
ferred the northern origins of Hakka [8, 9]. 
Currently, few data are available on the preva-
lence and molecular characterization of G6PD 
deficiency for the Hakka population of the 
Ganzhou region.

Here, we reported a population screening of 
2331 Chinese Hakka in Southern Jiangxi prov-
ince (Ganzhou), which allows us to document 
the prevalence and molecular characterization 
of G6PD deficiency in this region.

Materials and methods

Population samples

We obtained data from health examination sur-
veys. The study population included 2331 unre-
lated subjects for G6PD deficiency between 
August 2011 and November 2011 (Male: 642 
Female: 1689). The ages of these subjects 
ranged from 18 to 70-year-old and about 95% 
were Hakka aborigines, i.e. Information sheets 
with nationality, sex, age, dialect, aborigines or 

not and written consent forms were available in 
Chinese to ensure comprehensive understand-
ing of the study objectives, and informed con-
sent was signed or thumb printed by the partici-
pants or their guardians. After obtaining 
informed consent, peripheral blood sample 
was collected into a tube with EDTA-K2 by the 
medical laboratory, First Affiliated Hospital of 
Gannan Medical University, and stored at 4°C.

Biochemical screeing for G6PD deficiency

As our previous study [10], the G6PD enzyme 
activity of all subjects was determined by the 
G6PD mensuration reagent kit (Kerfen, 
Guangzhou, China) on HCP-7600-020 automat-
ic biochemistry analyzer (Hitachi, Japan) 
according to the manufacturer’s specification. 
Quality control was performed using G6PDH 
controls each day. In normal RBCs, the G6PD 
activity ranges from 1,300 to 3,600 U/I. For 
this assay, the cut-off for G6PD deficiency was 
set at 1,300 U/I according to the manufactur-
er’s specification. To prevent a reduction of the 
G6PD activity, all samples were assayed within 
72 h [10, 11].

Molecular diagnosis of G6PD deficiency

Genomic DNA of subjects with reduction of the 
G6PD activity was extracted from peripheral 
blood leukocytes by DNA blood mini kit (QIAGEN 
China Shanghai Co., Ltd). The DNA concentra-
tion was determined by UV spectrophotometer 
(UNICO Shanghai Instruments Co., Ltd) at the 
wavelength of 260 nm. 

The 13 known G6PD gene mutations most 
commonly seen in the Chinese population 
including G6PD Gaohe (95 A>G), 392 
(c.482G>T), Chinese-3(493 A>G), Shunde (592 
C>T), G6PD Viangchan (871 G>A), G6PD Fushan 
(1004 C>T), G6PD Chinese-5 (1024 C>T), G6PD 
Maewo (1360 C>T), G6PD Canton (1376 G>T), 
G6PD Keelung (1387 C>T), G6PD Kaiping 
(1388 G>A) and two polymorphism (1311 C>T, 
1381 G>A) were analyzed by commercial detec-
tion kit. The G6PD gene chip were designed 
and made by Chaozhou Hybribio Limited 
Corporation. All probes were immobilized on a 
nylon membrane. Their localization in the mem-
brane is shown in Figure 2A. The detailed infor-
mation of the primers and probes are described 
in Tables 1 and 2. Some of the primers of the 
kit were biotinylated (Table 1).

Figure 1. Geographic location of the Ganzhou region, 
Jiangxi province, P.R. China.
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Corporation, Chaozhou, China) as previous 
report [12]. The hybridization process was per-
formed according to the manufacturer’s proto-
col. The assay utilized a Hybribio’s proprietary 
Flow-through Hybridization Technology (US 
Patents 5,741,647 and 6,020,187) by actively 
directing the targeting molecules toward the 
immobilized probes within the membrane 
fibers, with the complementary molecules 
being retained by the formation of duplexes 
[12]. After a stringent wash, the hybrids were 
detected by the addition of the streptavidin-
horseradish peroxidase conjugate, which binds 
to the biotinylated PCR products and a sub-
strate (nitro-blue tetrazolium-5-bromo-4-chlo-
ro-3-indolylphosphate) to generate a blue-pur-

The assay was performed according to the 
manufacturer’s protocol. Briefly, reaction sys-
tem 1 was performed with a reaction volume of 
20 μl containing 100 ng of DNA template, 3.0 μl 
10 × buffer, 3.5 mmol/L MgCl2, 0.2 mmol/L of 
each primer (Exon2-F, Exon2-R, Exon5-F, 
Exon5-R, Exon6-F, Exon6-R), 0.2 mmol/L of 
each dNTP, 2.5 units of DNA Taq polymerase in 
a MJ Mini Personal Thermal Cycler (Bio-RAD 
Company) with an initial 9 min denaturation at 
95°C, 40 cycles of 95°C for 30 s, 55°C for 30 s, 
72°C for 45 s, and a final extension at 72°C for 
15 min. PCR Reaction system 2 was performed 
in 20 μl reaction mixture containing 100 ng 
DNA template, 3.0 μl 10 × buffer, 3.5 mmol/L 
MgCl2, 0.2 mmol/L of each primer (Exon9-F, 
Exon9-R, Exon11-12-F, Exon11-12-R), 0.2 

mmol/L of each dNTP, 2.5 
units DNA Taq polymerase. 
PCR reaction condition was: 
preheating at 95°C, 40 
cycles of 95°C for 30 s, 
55°C for 30 s, 72°C for 45 
s, and a final extension at 
72°C for 15 min. The ampli-
cons of the two reaction 
system (two tubes) were 
subsequently denatured 
and subjected to hybridi- 
zation.

Hybridization reactions we- 
re performed using HMM2I 
(Chaozhou Hybribio Limited 

Figure 2. The hybridization results of G6PD gene chip. A: The location of the probes dotted in the gene chip used 
for the reverse dot blot assay. Locations of wild-type and mutant probes are denoted N and M, respectively. B: The 
results of G6PD gene in the gene chip.

Table 1. Detailed information about the primers in the reaction 
system

Name Sequence (5’→3’) Location GenBank: 
X55448.1 Products 

Exon2-F ATTTGGGCAATCAGGTGTCA 3226-3245 348 bp
Exon2-R AACTTAGCAGAGCCTGTGGG 3554-3573 348 bp
Exon5-F AAGCTGGAGGACTTCTTTGCC 14139-14159 273 bp
Exon5-R ACACGCTCATAGAGTGGTGGG 14391-14411 273 bp
Exon6-F CTGGGAGGGCGTCTGAATGA 14920-14939 413 bp
Exon6-R GGGCAAGGTGGAGGAACTGA 15313-15332 413 bp
Exon9-F AACACCCAAGGAGCCCATTC 16334-16353 470 bp
Exon9-R CACTGCTGGTGGAAGATGTCG 16783-16803 470 bp
Exon11-12-F TGGCATCAGCAAGACACTCTCTC 17010-17032 318 bp
Exon11-12-R CCCTTTCCTCACCTGCCATAAA 17306-17327 318 bp
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ple precipitate at the probe dot. The results 
were interpreted by direct visualization [12].

Statistical analysis

Statistical analysis was conducted with SPSS 
16.0 statistical software. The prevalence of dif-
ferent mutation alleles was calculated from the 
standard Hardy-Weinberg formula. Data from 
the Ganzhou region and previous studies were 
analyzed by Pearson χ2 test with Bonferroni 
adjustment for multiple testing. P<0.05 was 
considered statistically different.

Results

Phenotypic screening for G6PD deficiency in 
healthy individuals showed that the prevalence 
of the G6PD deficient phenotype in the Hakka 
population is relatively lower at 3.60% 
(82/2331; 95% CI 2.77-4.27). Of 642 males 
and 1689 females tested, 4.83% (31/642; 

95% CI 3.17-6.49) and 3.02% (51/1689; 95% 
CI 2.20-3.84) were found to have G6PD defi-
ciency, respectively. There was significant dif-
ference in the incidence between males and 
females (P=0.034).

To identify the molecular cause of G6PD defi-
ciency in this population, the G6PD gene was 
screened for mutations by a gene chip. The 
hybridization results of G6PD gene chip were 
shown in Figure 2, which included heterozy-
gote, hemizygote and compound homozygote. 
All normal control dots on the chip would be col-
ored except the homozygous or hemizygous 
sample with G6PD gene mutations after the 
hybridization reactions (Figure 2B). Twenty-one 
kinds of genotypes including 8 kinds of hetero-
zygous genotypes, 7 kinds of hemizygous geno-
types, 6 kinds of homozygous genotypes were 
identified. The results were listed in Table 3. 
Eight mutation sites were detected from 82 
G6PD-deficient cases. The most common 
mutations were G6PD Canton (1376 G>T) and 
G6PD Kaiping (1388 G>A), and the following 
mutations were 1311 polymorphism (1311 
C>T), G6PD Gaohe (95 A>G), G6PD Chinese-5 
(1024 C>T), G6PD Maewo (1360 C>T), Shunde 
(592 C>T), G6PD Viangchan (871 G>A) and 
Chinese-3(493 A>G).

Discussion

The prevalence of G6PD deficiency in Southeast 
China is highly variable [5, 13, 14]. Our present 
study showed that the overall prevalence of 
G6PD deficiency was 3.60% (95% CI 2.77-4.27) 
from 2332 subjects of Ganzhou region, 4.83% 
(95% CI 3.17-6.49) from males and 3.02% (95% 
CI 2.20-3.84) from females, respectively. 
Because the technical reason for the missed 
female heterozygotes may be due to insuffi-
cient sensitivity of the assay, the detection rate 
of G6PD deficiency in male was higher than in 
female.

The prevalence of G6PD deficiency were lower 
than that found in Guangxi Zhuang autono-
mous region (7.43%) [14], middle region 
(Guangzhou, 4.2%) [14] and Southern region 
(Zhanjiang, 4.6%) of Guangdong province [15], 
but higher than that in Fujian province (1.03%) 
[16], Shanghai (0.78%) [17] and Nanchang 
region of Northern Jiangxi (1.02%) [18]. Our 
result was similar to that finding in Hainan prov-
ince (3.73%) [16]. The distribution of G6PD defi-

Table 2. Detailed information about the 
probes in the G6PD gene chip
Probe Sequence (5’→3’)
95N-P CGGATACACACATATTCATC
95M-P GGATACACGCATATTCATC
392N-P CCACCTGGGGTCACAG
392M-P TCCACCTGGTGTCACAG
493N-P CTGGAACCGCATCATC
493M-P CTGGGACCGCATCATC
592N-P CAGATCTACCGCATCGA
592M-P ATCTACTGCATCGACCA
871N-P CAGGTCAAGGTGTTGAAA
871M-P TCAGGTCAAGATGTTGAAA
1004N-P TCCACCGCCACTTTTG
1004M-P CACCACCGTCACTTTTG
1024N-P CCGTCGTCCTCTATGTG
1024M-P GCCGTCGTCTTCTATGT
1311N-P CTGACGCCTACGAGCG
1311M-P CCTGACGCCTATGAGC
1360N-P CACTTCGTGCGCAGGT
1360M-P ACTTCGTGTGCAGGTGA
1376/1381N-P GCTCCGTGAGGCCTGG
1376M-P CGACGAGCTCCTTGAG
1381M-P GAGCTCCGTGAGACCTG
1376/1381M-P AGCTCCTTGAGACCTGG
1387/1388N-P CCTGGCGTATTTTCACC
1387M-P CCTGGTGTATTTTCACC
1388M-P CCTGGCATATTTTCACC
1387/1388M-P CCTGGTATATTTTCACCC
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