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Summary  We have developed a fast and comprehensive method to 
scan for point mutations in a gene on X chromosome. A target region of 
the gene is first amplified. Then, using the amplified product as a tem- 
plate, PCR is carried out with multiple short-length forward primers 
arrayed in tandem in the scanned region, and a common reverse primer. 
The absence of  amplified product defines the site of  a mutation within a 
narrow region of the primer recognition site. To evaluate our method, 
point mutations in exon 12 of  the human glucose-6-phosphate dehy- 
drogenase (G6PD) gene were used as a model system. Out of 12 Singapor- 
ean G6PD-deficient patients, 6 cases were shown by the method to have 
a nucleotide change in this exon. Sequence analysis confirmed the 
presence of  a nucleotide change in the region identified by our scanning. 
Thus, our method is accurate in localizing mutations within a narrow 
region, and allows large numbers of  samples to be handled simultaneous- 
ly. 
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INTRODUCTION 

A growing number of  genes responsible for human diseases have been cloned 
and analyzed for the presence of mutations. The majority of  the known mutations 
causing genetic disorders are point mutations. The most common methods for 
detecting nucleotide changes involve the use of  allele-specific oligonucleotides 
either as hybridization probes for PCR-amplified DNA templates (Saiki et al., 
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1986) or as primers in PCR (Wu et  al., 1989). Restriction analysis of  PCR- 
amplified products can also be used. However, the identification of undefined 
mutations in PCR-amplified DNA is still time-consuming. Single stranded confor- 
mation polymorphism (SSCP) is one of the most common methods used to screen 
mutations in a PCR amplified product  (Orita et  al., 1989). Several other methods 
have been used to detect nucleotide changes within an amplified product based on 
the observation of  mobility shifts upon gel electrophoresis (Scholz et  al., 1993; 
Sheffield et  al., 1989; Yoshino et  al., 1991). However, the aforementioned methods 
have two disadvantages: 1, some nucleotide changes go undetected and 2, the 
nucleotide change is only roughly localized within the fragment (usually more 
than 100 bp) of the amplified product. 

In order to establish a comprehensive scanning system for mutations in 
X-linked recessive diseases, we developed multiplex PCR using multiple tandem 
forward primers and a common reverse primer (abbreviated as MPTP from 
underlined letters). MPTP is based on the fact that a very short primer can 
recognize one nucleotide difference on the target sequence, and thus fails to 
hybridize. The tandem forward primers cover the entire target region and result in 
the amplification of  a ladder of  multiple fragments. A nucleotide change in the 
primer annealing region results in the disappearance of one or two amplified 
products. The significant advantage of  our method is that all sequence variations 
in a target region of  genes on X-chromosome can be localized to a narrow region 
after two PCR steps. 

Glucose 6 phosphate dehydrogenase (G6PD) is an X-chromosome-encoded 
enzyme that catalyzes the first step in the pentose phosphate pathway. G6PD 
deficiency is common in malaria endemic  regions and is estimated to affect 
upwards of 400 million people world-wide. Deficient subjects are mostly asympto- 
matic, but clinical manifestations range from neonatal jaundice due to acute 
hemolytic anemia to severe chronic nonspherocytic hemolytic anemia. To date, 
more than 300 different G6PD variants have been distinguished on the basis of  
biochemical parameters, suggesting a vast genetic heterogeneity (Beutler and Kuhl, 
1990). So far, however, only a small portion of  this heterogeneity has been 
confirmed at the DNA level through the identification of about 60 different point 
mutations in the G6PD coding sequence (Ganczakowski et  al., 1995). To facilitate 
clarification of the molecular pathogenesis of  G6PD deficiency, a fast and compre- 
hensive scanning method to identity mutations is essential. 

Here, we report that MPTP can be used to scan for mutations in exon 12 of 
the G6PD gene from G6PD deficiency patients. This simple method facilitates the 
molecular study of  G6PD deficiency, especially in developing countries where it is 
common. 
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SUBJECTS AND METHODS 

Subjects.  B l o o d  samples  f rom G 6 P D  deficient  pa t ien ts  were o b t a i n e d  from 

n e w b o r n  ma le  bab ies  bo rn  at the S ingapore  N a t i o n a l  Univers i ty  H o s p i t a l .  They  

were iden t i f i ed  as hav ing  G 6 P D  deficiency by neona t a l  screening ( S a h a  et al., 
1994). B l o o d  samples  were also o b t a i n e d  from a n o r m a l  Japanese  ma le  as a 

con t ro l .  G e n o m i c  D N A  from these b l o o d  samples  was ext rac ted  by the s t a n d a r d  

p h e n o l  c h l o r o f o r m  method .  

M P T P  scanning.  To evalua te  M P T P ,  m u t a t i o n  scann ing  was pe r fo rmed  in 

the  region  o f  the G 6 P D  gene co r r e spond ing  to exon 12, one  o f  the m u t a t i o n  ho t  

spots  in S i n g a p o r e a n  G 6 P D  deficient  pat ients  (Saha  et al., 1994). In M P T P ,  P C R  

is c o n d u c t e d  twice.  The  first P C R  is car r ied  ou t  to o b t a i n  sufficient target  D N A  

and the second  P C R  is used for mul t ip l ex  PCR.  

The  exon 12-encompass ing  region o f  the G 6 P D  gene was first P C R  ampl i f i ed  

by  using a set o f  p r imers  hyb r id i z ing  in in t rons  11 and  12 (Fig .  la) .  The  sequences 

o f  the p r imers  and  the P C R  cond i t i ons  were as descr ibed  before ( H i r o n o  et al., 
1994). The  P C R  p roduc t  was then conf i rmed by e lec t rophores i s  us ing a 4% agarose  

I ExoN l z  I 
I 812j 

b 
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cat ac t a t gt Cc~ C t cagCGACGAGCTOCGTGAGGCCTGGCGTkTTTTCACCCCACTGCTGCACCAGAT [GAGCTGGAGAAGCCC/~C-CCCATCCCCTATATT TATGGCAGgt g aggaaa~,~t ~ev, ggct ggggacagagccc a g c ~ c a w l  
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Fig. 1. Schematic presentation of PCR amplified region, a. PCR amplification of the 
region encompassing exon 12 of the G6PD gene. The exon 12-containing 
fragment was amplified from genomic DNA by using primers based on 
flanking introns. The box represents exon 12, and lines represent introns 11 and 
12. The location and direction of primers are indicated by horizontal arrows. 
Primers RY and B12 were prepared as described previously (Hirono et al., 
1994). The bracket indicates the amplified product (255 bp). b. MPTP, 12 
different forward primers ranging from 13 to 15 mers (A-1 to 6 and B-I to 6) 
and a common reverse primer (R) were synthesized. Forward primers were 
designed to be in tandem and to cover the entire exon 12 region with 3 to 4 nt 
overlaps. The location of primers is represented by arrows. G6PD Canton and 
Kaiping are shown by vertical arrows at nt 1376 and 1388, respectively. 

Vol. 42, No. 3, 1997 



420 T. SHIRAKAWA et al. 

gel (MetaPhor/Seaken HGT 3 : I) containing 0.5 ,ug/ml ethidium bromide along 
with 2 mg of a DNA size marker (50 bp ladder, Pharmacia LKB Biotechnology 
AB, Sweden). 

In the second round PCR, each of  the multiple forward primers was designed 
to work with one common reverse primer (Fig. lb). Primers for MPTP were 
designed so that the free energy of  duplex formation (z/G) was - -25+1  kca l /mol  
(Breslauer et al., 1986). To cover the entire region of exon 12 in the G6PD gene, 
12 forward primers, each of  13-15 bases were designed so that they were tandemly 
arranged and overlapped by 3-4 nucleotides (Fig. Ib). Since the amplified prod- 
ucts differ by at most 10 nucleotides, it is difficult to separate them all by agarose 
gel electrophoresis. Therefore, six alternative primers (A-1 to 6 and B-1 to 6 in Fig. 
lb) were each mixed with one common reverse primer (R) in two separate PCR 
reactions so that adjacent bands could be clearly separated by agarose gel electro- 
phoresis. 

Since G6PD Canton (GI376T) and Kaiping (G1388A) are common in 
Singapore (Saha et al., 1994), the applicability of MPTP to scan for known 
mutations was examined with another combination of primers comprising A-l,  3 
and 5 as a multiplex forward primer and R primer as the common reverse primer 
(reaction C) (Fig. lb). 

MPTP was carried out by the hot start PCR method. Ten microliters of  
solution containing 8 ,ul of  a muster mixture (10 mM Tris-HC1 pH 8.3, 10 mM KCI 
250 ,uM dNTPs, 2.5 mM MgCI2 and 5% DMSO), 1/xl of  primer mixture, 1/11 of  the 
first PCR product and another i0 ~tl of solution containing 8/11 of the muster 
mixture, 1.9 ,ul of  the distilled water and 0.1/11 of  5 U Ampli Taq DNA Polymer- 
ase Stoffel Fragment (Perkin-Elmer Co., U.S.A.) were pre-heated to 85°C individu- 
ally and then mixed together at 85°C. PCR was, then carried out with the following 
cycles: 25 cycles at 95°C and 72°C for 30 sec each. The products were electropho- 
resed on 4% agarose gel (MetaPhor/Seaken HGT 3 :1)  containing 0.5,ug/ml 
ethidium bromide and the gets were photographed using a UV transilluminator. 

Sequencing. The exon 12-encompassing region of the G6PD gene was 
amplified from all DNA samples and subjected to direct sequencing using a dye 
terminator kit (Perkin-Elmer Co.) and an automated DNA sequencer (ABI 
PRISM 310 Genetic Analyzer, Perkin-Elmer Co.). 

RESULTS AND DISCUSSION 

For  a long time there has been a pressing need for a rapid method to scan for 
genomic mutations. We devised MPTP to facilitate such analyses, and applied it 
to scan for point mutations in exon 12 of  the G6PD gene of G6PD-deficient 
patients. The full length o fexon  12 of  the G6PD gene was amplified as 12 different 
fragments in two separate amplification reaction (A and B). In each of  the two 
reactions, 6 different size products were amplified from the control DNA that did 
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not have a mutation in the amplified region (Fig. 2a lane C, Fig. 2b lane C). 
Twelve DNA samples obtained from Singaporean patients with G6PD defi- 

ciency were examined for nucleotide changes by MPTP. In 5 out of  12 cases (cases 
2, 3, 4, 5 and 11) we were unable to amplify a product corresponding to 126 bp 
fragment in reaction A (Fig. 2a lanes 2, 3, 4, 5 and 11), suggesting the presence of  
a mutation within the forward primer recognition region between nt 1370 and nt 
1381. In accordance with this~ D N A  sequencing of the amplified fragments 
disclosed a G to T nucleotide change at nt 1376 (G1376T) in all of  the five DNA 
samples. The sequence of all other regions scanned by MPTP was completely 
normal. The G1376T mutation, known as G6PD Canton, is the major mutation 
identified in G6PD deficient patients in Singapore (Saha et al., 1994). 

The 110 bp band of reaction A was missing in case number 7 (Fig. 2a lane 7), 
indicating a mutation between nt 1386 and 1398. In reaction B, the same case 7 
lacked an amplified fragment of  117 bp, implying that a mutation may be present 
between nt 1379 and 1388. Combining these two results, case 7 was predicted to 
have a mutation in between nt 1386 and 1388, where the two primers overlap. 
Sequencing analysis showed that a G to T nucleotide change was present at nt 1388 
(G1388A). All other cases had six amplified products in reaction B and were found 
to have a wild-type exon 12 sequence. 

These results showed that MPTP can be used to scan all mutations irrespective 
of their location in the primer annealing site. This method, which only requires a 
PCR amplification machine, is simple and enables many DNA samples to be 
handled at the same time. If a mutation is present, its location can be determined 
to within 13-15 nucleotides within a day, the period required to perform 2 PCR 
steps. Therefore, DNA sequencing, where appropriate, can be focused on a small 
region. 

To facilitate the identification of the most common mutation causing G6PD 
deficiency in Singapore, we set up another PCR reaction involving three forward 
primers and a common reverse primer (reaction C). As expected, three products 
were obtained from the control DNA (Fig. 2c lane C). Cases 2 and 7 lacked the 
amplified products corresponding to 126 bp and 110 bp, respectively. This indicat- 
ed that by changing the combination of  primers many kinds of mutations can be 
scanned in one reaction. Therefore, this scanning system with selected primers will 
facilitate mutation detection in localities where the spectrum of mutations of  the 
G6PD gene is known. 

Because MPTP does not need sophisticated machines, the method can be set 
up in almost any laboratory and should be useful in developing countries, where 
G6PD deficiency is especially common. Since MPTP accelerates analysis of  G6PD 
deficiency at the DNA level, we anticipate that the full spectrum of  mutations 
affecting the coding region of  the G6PD gene in G6PD-deficient patients will soon 
be elucidated. 
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Results of  MPTP. a. MPTP amplified products of reaction A. b. MPTP 
amplified products of reaction B. c. MPTP amplified products of reaction C. 
Six forward primers (A-t to 6 or B-I to 6) were designed to work together with 
one common reverse primer in MPTP (reactions A and B) (Fig. 1). In reaction 
A, primers A-l ,  A-2, A-3, A-4, A-5, A-6 and R were mixed at 0.1, 0.3, 0.4, 0.4, 
0.4, 0.4 and 1.0 ~mol/l i ter ,  respectively. In reaction B, primers B-l, B-2, B-3, 
B-4, B-5, B-6 and R were mixed at 0.1, 1.0, 0.8, 0.2, 0.8, 0.6 and 1.0 #tool/l i ter,  
respectively. Reaction C has 0.1 #mol / l i te r  of A-l ,  0.5 #mol/ l i ter  of A-3, 0.3 
#tool/ l i ter  of A-5 and 0.5 #tool/ l i ter  of R. Each of amplified products from 
G6PD cases (cases 1 to 12) was electrophoresed in the corresponding lanes in 
panels a and b. The length of each PCR amplified product is indicated on the 
right side of the photographs. Six different fragments were amplified in reac- 
tions A and B from the control DNA (lanes C in panels a and b). The 126 bp 
amptified product disappeared from lanes 2, 3, 5 and 11 of reaction A. The 100 
and 117 bp bands in reactions A and B, respectively, disappeared from lanes 7 
of panels a and b. In reaction C, two DNA samples of cases 2 and 7 were 
examined for the same mutation. The 126 and 110 bp products disappeared, 
respectively (panel c). M indicates a 100 bp DNA ladder. 
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