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Introduction

Glucose-6-phosphate (G6PD) deficiency is an X-linked hereditary enzymopathy
caused ‘by the inheritance of abnonﬁal alleles of the G6PD gene. Majority of G6PD-
deficient individuals are asymptomatic but eiposure to fava beans, certain drugs, and/or
infections may trigger clinical manifestations ranging from neonatal jaundice to severe
chronic non-spherocytic hemolytic anemia.

Glucose-6-phosphate dehydrogenase deficiency has 400 biochemical variants and

‘90 documented mutations. In addition, many silent mutations have been discovered.

Virtually all mutations, except two huge deletions, are single-base substitutions in the
toding fegions.

The high prevalence of G6PD deficiency worldwide makes it significant to screen
thisenzyme 'deficiency among newborns. Reports show that high frequéncies of deficient
allelesarose because they confer a selective advantage against malaria. Information is
is¢arce about the situation in the Philippines where malaria is endemic. The C1360T
mutation’in'exon 11 of the G6PD gene has been reported in Fil'ipinoé living in Hawaii.

A scanning method of the G6PD gene called MPTP (Multiplex Polymerase chain
reaction”(PCR) using multiple Tandem Forward primers and a common reverse primer)
has recentfy been established. It is based on the principle that a very short primer can
recognize a single nucleotide difference on the target sequence causing failure to
hybridize. : Tandem forward primers are designed to cover the entire target region
:resulting in a ladder of multiple amplified fragments. A nucleotide change in the primer
annealing region results in the disappearance of one or two amplified products. The
:significant advantage of this method is that all sequence variations in a target region can
‘be localized to a narrow region.

To determine the frequency of the C1360T mutation in G6PD-deficient Filipinos,
‘five unrelated G6PD deficient patients were studied fox; the nucleotide change in exon 11
of the G6PD gene by MPTP. This paper documents the genetic mutation C1360T in
‘Filipino G6PD deficiency in the Philippines.

Methods
Subjects

Blood samples were collected from five diagnosed G6PD-deficient patients born
at the Philippine General Hospital, All patiehts were diagnosed as G6PD deficient using
the formazan ring method, a screening procedure for G6PD deficiency. Four of the
patients were male. Ages ranged from 16 to 18 months old. All were asymptomatic with
nc.history of jaundice nor hematological episodes. Family histories of all five patients

‘were negative of hemolytic attacks.

Molecular characterization

-Amplification of exon 11 of the glucose-6-phosphate dehydrogenase (G6PD)
gene by, multiplex polymerase chain reaction using multiple tandem forward primers and
a‘common reverse primer (MPTP) was done. Different sized products were produ‘ced in
each MPTP according to the primer locations. Sequencing of the exon 11-encompassing
region ofithe G6PD gene was made using a dye terminator kit (Perkin-Elmer Co.,
Norwalk; CT, USA) and an automated DNA sequence} (ABI PRISM 310 Genetic
Analyzet: Perkin Elr;wr Co.).

Results

Five bands were amplified from normal DNA as expected, thus indicating the
absence of any mutation in exon 11 of the G6PD gene. Five DNA samples obtained from
Filipino.G6PD-deficient patients were then examined for nucleotide changes by MPTP.
{Three ‘of the five cases had no amplified product comesponding to the 54 bp. fragment
thereby suggesting the presence of a nucleotide change within. the forward primer
recognition region. As the primer amplifying the 54 bp. fragment anneals to sequences
between nucleotides 1351 and 1362, the mutation was suspeétcd to be present within this
:12 nucleotide region. DNA sequencing of the amplified fragments disclosed a C to T
nucleotide change at nucleotide 1360 (C1360T) in all three DNA samples. No other
mutation was identified in the examined region.

Of the five expected bands in another PCR reaction mixture, the fragment

corresponding to 98 bp. was not amplified in case 5 thus indicating the presence of a



—L1E—

mutation between nucleotides 1307 and 1317. Sequencing analysis of the amplified -

‘product showed a C to T nucleotide change present at nucleotide 1311 (C1311T). This

.did not create an amino acid change.

Discussion

‘ Using the MPTP method, we analyzed exon 11 of the G6PD gene in five Filipino
G6PD patients. Three were found to haveaCto T substitution at nucleotide 1360 of exon
11 réshlting in an amino acid change of arginine to cysteine at position 454. This
xhutation corresponds to the variant G6PD Union initially found in a Filipino male and
named after the Philippine place of origin, La Union, Of the five patients studied, one
case showed a silent single base substitution C to T at nucleotide 1311, again af exon 11.
This shows that MPTP could screen a single nucleotide change in the examined region.
The last of the five cases, a female, did not reveal any mutation in exon 11 of the G6PD
gene because there is a limitation of MPTP mutation screening among females. This
indicates that MPTP is not applicable for scanning mutations in female carriers of G6PD
deficiency. )

G6PD Union is found in individuals from the Philippines, the Vanuatu
Archipelago in the Southwestern Paciﬁc, Italy, Hawaii, China, Thailand, Laos and
Gypsies in Spain. It is the only G6PD-deficient variant with a worldwide geographical
distribution. Although the present study reaffirms previous reports that the C1360T

mutation is the most common cause of G6PD deficiency among Filipinos, it is

acknowledged that this study made use of a small sample size and, therefore, further
analysis using a bigger sample population is required to make substantial conclusions.
Although geographically the Philippines is in South-East Asia, by race and by
culture, the Filipinos are a harmonious blend of the East and the West; the Western
heritage being largely acquired from Spain when it ruled the Philippines for three
centuries. Part of its Eastern heritagé originates from the Chinese who had trade relations
with the Filipinos even before the Spanish rule. It is possiblé that the G6PD Union
mutation has a single origin and has been spread through population flow. Another theory
is that this mutation has arisen independently more than once. This is just one of the

several aspects of G6PD that needs further study.
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Fra—2A 6 Y VEBBUKEESR (G6PD) XRBERRLAEORVERXE
BT, w7 ) TRBCEREYE 2 A0 HIR TIRIBICER LTS, £
D% G6PD KRBT AHRITZ < HRMIC GEPD BEia-Fiz 90 TEEELL
FOBRBTFORESALDICENRTWS, LirL, 74 Y Y Tid G6PD KR8
ERERLTHBIZbaMh LT, TOSTFREFOHAEIDZR L, GEPD &
ETORE R LM SNEBIERY, GOPD BET0RE & R 2
yY—=v 7 5HEE LTANBIEY MPTP (multiplex PCR with
tandem primers) JEVNHELEh, GEPD BEEFEEOBITBRE (REENT
&,

ABFFE, 74 U v G6PD REESRE T GEPD BEBEF DI VI 11D
BEFOREL MPTP 2 VTR LEZBDOTH D,

[FiE]

XPeffh L GEPD METFH 12 D=2 Y U h BB & B3, 41 G6PD
BEFOTIYVINLEHITRACOBRETFREERRTILD . ZOERED
S BITD 10 b 12 HENBRST T A v—% 0 MERH LE, Th
% SESO02MBITHT, HBTBHY N—RATTA~—EFAVTPCREIEL
7o, BMEESNE LR BRI OWT, ZTRIERLET A <w— 0k
BESAL DU EEF % FRAT LT, '

E=E
EEDOHF ) LADNAZRWTELELZA T I/ =G LTELEN
5 HSoR 10 EORIEENSBONTE, —F. 5 A0 GEPD KEEAEN S
BN DNAZRVWTRRIC IOMAEZEIELELL IS, SATIZ10HHO
5% 54 HENLRD 1 %&Hiiﬁédﬁéhfmwto T OBEBIBWLNET T
A <= —% GEPDcDNA OIHEEED 1351 »b 1362 IKHETHZ hb, 20
HERUWM ORI RENH B &R L, TIT, BEDY /) L DNADOK

BRI T5 L THEEBY 1360 FEOEENCHLT (C1360T) ~: TR
LTWBZ MW 3FTRABS L, 2, 1HTII 98 EHEDY A XD 1 liK
REESRT, 20L& =—BHAT 5 1307 15 1317 HEORICE
EFOREOFESTRSNE, T2C, ALY ) ADRIET OHERFIZ
BNTT5L 1B BHOEERCHLTAEELTVWSEZ (61311T) yia¥ %)
mE MRS, |

C1360T {1 G6PD # 30 DT X/ BEBEBRTIIR LV ALERTHY, T
TIZ GOPD 2 =AY L LTRESATVD LD TH o7, Ebiz, C1311T iE
7S U BERERE SR A LY NERTho ke, —F, REOEENTE
SN o EFITHREERNZEN LEAERRERVHENR -, 2h
b OFERIL, MPTP Z AV BEFREAS V- IREDICHEEL TV
ZEERTELEBIC, GEPD 224 BT AV EVATENI LR L,

AL, 74V EAD G6PD RBEBERZANBICEOSFERETREL
EbDTHBER, FRIEL A VITbNAN o GePD BETFORE 2 b i
THEERMREBELOL LUEEL 2EREBY B, Lo TORFREIL,
Bt (BEF) 0B8R HHLBO3,



