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Abstract — Introduction: Glucose-6-phosphate dehydrogenase (G6PD) deficiency which is caused by mutation 
on G6PD gene  is the most common enzyme disorder in human. There have been 184 discovered mutations among 
which Viangchan [Val291Met] and Canton mutation [Arg459Leu] are the most common variants in Vietnamese. Due to 
the severity of this disease, several methods  have been devised for diagnostics. However, time-consuming, low 
sensitivity and expensiveness are major problems of those techniques. Recently, High Resolution Melting (HRM) has 
been developed and proven to be an effective method for DNA genotyping, mutation scanning and sequence 
matching. Hence, in this study a multiplex HRM has been developed aiming at detecting these two mutations 
concurrently. Methods: At first, a singleplex HRM was designed for each mutation. Then, conditions for these 
singleplex assay were combined and optimized again in order to get the optimal condition for multiplex HRM. Re-
sults: This method showed a promising potential with a high accuracy, sensitivity, and specificity, it is impractial to 
continue developing this method because of the lack of controls. Conclusion: The optimized singleplex PCR-HRM 
in this study still can be used for single mutation detection and serve as the background to develop PCR-HRM for 
other G6PD mutations in Vietnamese-Kinh population. 
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INTRODUCTION 

Glucose-6-phosphate dehydrogenase (G6PD) 

deficiency is the most common enzymatic disorder 

affecting human beings by influencing on red blood 

cells (RBCs). G6PD can be found throughout the body 

but its role is more crucial in RBCs then in others as it 

is the only NADPH-producing enzyme activated 

during oxidative stress. In the cells, G6PD participates 

in the pentose phosphate pathway and catalyzes its 

first step. This enzyme converts Glucose-6-phosphate 

into to 6-phospho D-gluconolactone and turns NADP 

to NADPH at the same time. NADPH is a necessary 

substance to protect the cell especially RBCs and its 

haemoglobin from oxidative stress created by reactive 

oxidation species (ROSs) such as fava beans, 

antimalaria drug or fava plant (Beutler, 1994). Thus, in 

the condition of  G6PD deficiency, when oxidative 

stress happens, red blood cells undergo the premature 

rupture and breakdown, a process called hemolysis, 

faster than the body can replace them. This loss of red 

blood cells causes the signs and symptoms of 

hemolytic anemia, which is a characteristic feature of 

glucose-6-phosphate dehydrogenase deficiency 

(Noori-Daloii et al., 2006). According to WHO, based 

on the residual enzymatic activity and clinical 

manifestation, G6PD deficiency can be classified into 

five classes (Frank, 2005), from severe enzyme 

deficiency to increased enzymatic activity. As 
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reported by many studies on the G6PD deficiency, the 

cause of this disease is mutations on G6PD gene that 

lead to changes in the structure of G6PD enzyme. 

Today, more than 184  mutations  (Minucci. A, 2012) 

have been found and most of them (159 mutations) are 

point mutations which result in the amino acid 

substitutions. The mutations occurring inside the 

active site or in the promoter region, as well as the de 

no vo mutations (causing sporadic variants) have also 

been identified but they are quite rare. Besides,the 

large deletions and frame-shift mutations that lead to 

the complete lacking of the G6PD functionality are not 

observed(Anna L. Peters and Noorden, 2009; Minucci 

et al., 2009; Philip J Mason, 2007). Therefore, most of 

the G6PD deficient cases can be diagnosed by 

detecting the mutations occurring on the G6PD gene. 

From these results, scientists are now focusing on 

creating the molecular methods that support to 

biochemical methods for increasing the accuracy and 

the specificity of the tests. Depending on each 

population, different methods have been developed to 

determine the causative mutations in this population. 

For example, in Africa where the A- mutation 

(202G>A, 376A>G) occupies more than 90% deficient 

cases, the molecular test have been successfully 

developed and applied by the Arup Laboratory in 

Utal university (Laboratories, 2015). In addition, the 

molecular tests are also applied to detect 

Mediterranean mutation (563C>T), a common in the 

Southern Europe and Viangchan mutation (871G>A), 

the main kind in Lao and Cambodian widely (Joly, 

2010). In China where has the close genetic interaction 

with Viet Nam, nine mutations (A95G, G392T, G487A, 

A493G, C592T, C1024T, C1360T, G1376T, G1388A) 

occupying more than 90% of  G6PD deficient cases 

have been determined (Jiang et al., 2006; Yan et al., 

2006). In these mutations, the Canton mutation 

(G1376T) and Kaiping mutation (G1388A)- two 

missense mutations in type 2 – occupying 53.8% have 

been successfully diagnosed by the HRM analysis 

(high resolution melting analysis) (Yan et al., 2010). 

Recently, this method has been developed and allows 

the scientists quickly detect and discriminate different 

genotypes of different mutations before performing 

the sequencing (Reed et al., 2007). 

In Viet Nam, scientists  have been studying about 

molecular mechanism of the G6PD deficient since 

2000 (Dao et al., 2000) and have found common 

mutations in some provinces and populations such as 

Kinh and others populations in Lam Dong (Matsuoka 

et al., 2007), Kinh in Ho Chi Minh city, and S’tieng in 

Binh Phuoc (Hue et al., 2013b; Hue et al., 2009). In 

2013, two causative mutations of the G6PD deficiency 

in Kinh population have been determined including 

Viangchan (871G>A) and Canton (1376G>T) (Hue et 

al., 2013a; Hue et al., 2013c). These two missense 

mutations have been screened and occurred with high 

frequencies in the G6PD deficient patients (31.57% and 

26.3%) according to the study in Lam Dong province 

(Matsuoka et al., 2007) and 43.33% and 26.67% 

according to the study in Ho Chi Minh (Hue et al., 

2013b). However, up to now, there is not any 

molecular method applied for diagnosing the G6PD 

deficiency in Viet Nam. Therefore, this study is 

conducted to develop a successful HRM method to 

detect two causative G6PD mutations in Vietnamese- 

Kinh population. 

 

 

MATERIALS AND METHODS 

Sample preparation 

Sample collection 

Dried blood samples of infants with consent forms 

were collected from Tu Du Maternity hospital – Ho 

Chi Minh City – Vietnam since 2009 to 2012. The 

blood spots samples used were air-dried for 4 hours at 

room temperature and stored in plastic bags to protect 

them from moisture, light, heat and contact with other 

materials. Then, these samples were screened for 

G6PD deficiency by the Neonatal G6PD Screening 

Assay (Zentech, Belgium) and genotyped for Canton 

and Viangchan mutation by ARMS-PCR method. 

Then, several samples with genotypes of YG, GA, YA 

(Viangchan mutation) and of YG, GT, YT (Canton 

mutation) have been sequenced to confirm ARMS-

PCR result and were used as control in real-time PCR 

reaction (in High Resolution Melting Analysis 

method). 

DNA extraction 

DNA were extracted by QIAmp DNA blood mini kit 

from these dried blood spots. The quantity and quality 

were then verified by NanoDrop 1000 

spectrophotometer (Thermo Scientific, USA). And 

only DNA solutions with OD value of A260/A280  in 

range of 1.7 to 2.0 were used. 
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Optimizing singleplex PCR-HRM reaction for each 

mutation 

Primer design 

Primers used for PCR-HRM reaction were designed 

by Primer3plus website (Untergasser et al., 2012) with 

several criteria, including: 80-to-150bp PCR product, 

20-to-27bp primer, and melting temperature between 

60-65oC. The specificity of primer pairs was tested 

using BLAST tool  provided by NCBI website 

(Altschul et al., 1990). 

Predicted amplicons’ melting curve of selected 

primers were also checked using uMELT website. 

Optimal concentration of MgCl2and DMSO was also 

predicted through this website by adjusting 

concentration until three melting curves of various 

genotypes could be distinguished clearly. 

PCR reagents optimization 

The annealing temperature was determined by 

running numerous PCR reactions at different 

annealing temperature within the range of 58oC to 

68oC, with 2oC of increment. In addition, optimal 

MgCl2concentration was tested again because the 

concentration given by uMELT web tool was only a 

predicted one. A range of MgCl2concentrations 

surrounding the predicted one which was from 1mM 

to 3mM was tested to select the optimal one. 

 

 

Test validation for each mutation 

The optimized PCR-HRM for each mutation detection 

was validated by genotyping a large number of 

samples. For Viangchan mutation, the test included 50 

samples already genotyped by ARMS-PCR method 

and 273 unknown-genotype samples from OUCRU to 

compare their accuracy. These 273 samples were also 

used for Canton-test validation. Based on melting 

curve, different plot, and melting peak generated by 

HRM analysis the validation of the test can be 

concluded. 

Combine two singleplex PCR into multiplex PCR 

After checking capability of each primer set, two set of 

primers were added to the same PCR reaction aiming 

at developing multiplex PCR detecting these SNP. The 

results were then analyzed based on HRM result, 

specifically melting curves and melting peaks.  

 

 

RESULTS  

Primer design and melting curve prediction 

Using the Primer3plus, four sets of primers were 

designed to produce a PCR product suitable for the 

selected genotyping method. Each includes one 

reverse and one forward primer.  Primers and 

amplicon characteristics are summarized in Table 1 

and predicted melting curves and melting peaks are 

shown in figure 1 and 2 (Fig. 1, 2). 

 

Table 1.  Primer designed by primer3plus 

Name Sequence (5’ 3’) Primer Tm Amplicon length Product Tm 

Viangchan forward  ATCCCTGCACCCCAACTCAA 65 oC 80 bp 79.9oC 

Viangchan reverse  TTGTTGGCCTGCACCTCTGA 65.3oC 

Canton forward  CGGCCTCCCAAGCCATACTA 64.4oC 102 bp 83.2oC 

Canton reverse  GCTTGGGCTTCTCCAGCTCA 65.2oC 

 

Melting curve prediction  

The predicted melting curve and melting peak could 

be distinguished clearly with 2mM MgCl2, proving 

that the primer pair for Viangchan was suitable for 

real-time PCR with HRM analysis. The specificity of 

primer was checked on NCBI website. 
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Figure 1. HRM result prediction for Vianchan mutation. Melting curve (A) and melting peak (B) of  Viangchan mutation were 

predicted with 2mM MgCl2 by uMELT. While hemizygous wild type (YG) and hemizygous mutant (YA) had the same melting-

curve and melting peak parttern, heterozygous sample (GA) had a distinct curve and peak. 

 

 

Figure 2. HRM result prediction for Canton mutation. Melting curve (A) and melting peak (B) of  Canton mutation were predicted 

with 2mM MgCl2 by uMELT. While hemizygous wild type (YG) and hemizygous mutant (YT) had the same melting-curve and 

melting peak parttern, heterozygous sample (GT) had a distinct curve and peak. 

 

 

Annealing temperature optimization 

After running PCR in a gradient of temperature 

condition, the results showed that whilst primers of  

Viangchan mutation worked best at 60oC, the optimal 

annealing temperature for Canton was 62oC because at 

those temperatures the bands were brightest and 

clearest which indicated the reactions ran efficiently 

(Fig. 3). However, with the purpose of developing 

multiplex PCR-HRM, 62oC was chosen as the suitable 

one. 

MgCl2  concentration optimization 

Because MgCl2concentration had significant effect on 

melting curve of PCR products, PCR-HRM reactions 

was run with different MgCl2 concentrations to 

determine the optimal one. The result revealed that at 

concentration of 1.0mM, not only the melting curve of 

GG was lower than two other curves (Fig 4.1A) but 

also the minor melting  peak of heterozygous 

genotype did not appeared clearly (Fig 4.1B). This 

indicated that PCR- HRM reaction did not run 

effectively at this concentration. When the 

concentration grew to 1.5mM and 2mM, the PCR-

HRM reaction was likely to worked better because 

three melting curves were generated appropriately. 

However, for HRM analysis these concentrations were 

not the best choice because curves of two homologous 

genotypes (AA, GG) were clustered (Fig. 4.2A,4.3A). 
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This may lead to missed calling two genotypes when 

analyzing many samples. Among tested 

concentrations, 2.5mM and 3.0mM of MgCl2 seemed 

to give good result for HRM analysis because at these 

concentrations the melting curves as well as melting 

peaks showed similar, clear, and correct shapes (Fig. 

4.4, 4.5). Nonetheless, the melting curves at 2.5mM 

showed better discrimination, especially between two 

homozygous-genotype curves. Thus, MgCl2 2.5mM 

was chosen as the optimal concentration for PCR-

HRM.  

In summary, after optimizing all crucial components 

for a PCR-HRM analysis, the optimum conditions to 

detect Viangchan and Canton mutation were 

identified (Table 2) and prepared for further 

application. 

 

 

Figure 3. Result of annealing temperature  optimization. Gel electrophoresis was run for conventional PCR products. Product size 

for Viangchan mutation is 80bp. Product size of Canton mutation is 102bp. 62oC was chosen as the  most suitable temperature. 

 

 

Figure 4. Effect of MgCl2concentration on HRM analysis at different concentrations. 4.1: MgCl2 1.0mM; 4.2: MgCl2 1.5mM; 4.3: 

MgCl2 2.0mM; 4.4: MgCl2 2.5mM; 4.5: MgCl2 3.0mM. (A): Normalized melting curve analysis. (B): Normalized melting peak 

analysis. MgCl2 with the concentration of 2.5mM was chosen because of a better discrimination it gave. 
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Table 2. Optimal reagent concentration in one PCR-HRM reaction 

Reagent Concentration Volume per reaction 

Viangchan/Canton Primer-F 0.2μM 0.4μl 

Viangchan/Canton Primer-F 0.2 μM 0.4μl 

MgCl2 2.5mM 2μl 

HRM master mix 1X 10μl 

DNA template 30ng - 

H2O  Up to 20μl 

 

PCR-HRM result of control samples 

The optimized PCR protocol was examined by 

genotyping again sequenced samples of Viangchan or 

Canton mutations. The results were analyzed based 

on melting cure, melting peak and different plot. It 

can be easily seen that with these optimal conditions 

all melting curves as well as melting peaks were 

generated clearly. Although melting peaks of 

Viangchan heterozygous sample seemed better than 

those of Canton sample, their melting curves, 

especially, two curves representing for hemizygous 

wild type and hemizygous mutant samples can obtain 

a fine discrimination (Fig. 5A,5B,6A,6B). This 

indicated that under these conditions PCR-HRM 

worked effectively. 

 

 

Figure 5A. Melting curves of Viangchan mutation. Two hemizygous samples had parallele melting curves while melting curve of 

heterozygous samples crossed one of these curves 

 

 

Figure 5B. Melting peaks of Viangchan mutation. Each hemizygous sample gave one peak. They were similar but raised at 

different temperature.The heterozygous samples showed 2 peaks. 
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Figure 5C. Different plots of Viangchan mutation. Sample curves are subtracted from a reference curve (heterozygous GA 

sample). This view accentuates differences between similar melt curves. 

 

 
Figure 6A. Melting curves of Canton mutation. Two hemizygous samples had parallele melting curves while melting curve of 

heterozygous samples crossed one of these curves. 

 

 
 

Figure 6B. Melting peaks of Canton mutation. Each 

hemizygous sample gave one peak. They were similar but 

raised at different temperature.The heterozygous samples 

showed 2 peaks. 

 

 

Based on these patterns, genotype of a sample can be 

identified depending on which control peak (Fig. 

5A,6A) or curve (Fig. 5B,6B) or plot (Fig. 5C,6C) they 

cluster around. Hence, there would bethree methods 

to determine the genotype of a sample through HRM 

analysis. This leads to an increase in accuracy of 

genotype determination.  

 

 

 
Figure 6C. Different plots of Canton mutation. Sample 

curves are subtracted from a reference curve (heterozygous 

GA sample). This view accentuates differences between 

similar melt curves. 

 

Test validation for singleplex PCR-HRM method 

When applying singleplex PCR-HRM in re-

genotyping 50 samples with Viangchan mutation 

(from Tu Du hospital), the result of 47 samples 

showed a consistency between PCR-HRM and  

ARMS-PCR method which was used for genotyping 

previously. The remaining three samples had different 
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results between these two methods. So, they were 

sequenced to determine the exact genotypes. The 

sequencing results indicated that PCR-HRM method 

gave correct genotypes. However, one problem could 

occur by using PCR-HRM is shifted melting peak 

which mean that instead of clustering around control 

melting-peak, the peak lay between peaks of two 

hemizygous samples. This would lead to difficulty in 

genotype determination (Fig. 7). To solve this issue,  

DNA from such sample was extracted from dried 

blood, and then genotyped again. The melting peak of 

this sample  now clustered with the control of wild 

type, similar result with ARM-PCR method.  

 

 

 

 

Figure 7. Example of unidentified melting peak. Unidentified  or shifted melting peak was in black color. It separeted from the 

identified melting peaks which were clustered into three groups (red, blue, and olive green color).  

 

Table 3. Genotyping results for Viangchan and Canton 

mutation 

 

Mutation Identified curve No curve 

Genotype Identify 

Viangchan 

(194/273) 

YG 125 (45.78%) 79 

(28.94%) GG 33 (17.01%) 

GA 34 (17.53%) 

YA 2 (1.03%) 

AA 0 

Canton 

(127/273) 

YG 121 (95.28%) 146 

(53.48%) GG 3 (2.36%) 

GT 3 (2.36%) 

YT 0 

TT 0 

 

Viangchan and Canton mutation were then continued 

to be screened in 273 unknown-genotyped samples 

from Oxford University Clinical research Unit 

(OUCRU). The result showed that for Viangchan 

mutation, 71.06% (194/273) of samples were 

genotyped successfully while the rest  did not 

generate any melting curve. Similar situation was 

found for Canton mutation.  However, the percentage 

of samples whose genotype can be identified was 

lower, only 46.52% (127/273). The genotyping result 

was summarized in table 3.  

Multiplex PCR-HRM  

Two singleplex PCR reactions were then combined 

into one in order to detect two mutations at the same 

time. Reagents needed for one multiplex PCR-HRM 

were listed in table 4 with required concentration 

and corresponding volume. Because of different 

amplicon sizes, PCR products of  two mutations 

would had distinct melting temperatures. Thus, 

multiplex reaction outcome should had a melting 

curve with two shoulders, one represented for 

Viangchan mutation and the other for Canton. 

Besides, the shoulder for Viangchan mutation would 

appeared earlier due to lower product melting-

temperature (Table 1), as showed in figure 8 (Fig. 8). 

The results of multiplex PCR-HRM can also be 

evaluated with melting peak.  

Using the same controls with singlex, multiplex PCR-

HRM was optimized. Theoretically, there should be 

nine controls for multiplex PCR because of various 

combinations between three genotypes of two 

mutations. Nonetheless, by reasons of  the limitation 

of samples and rareness of genotype variants, there 

were only 4 controls for optimization.  
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Table 4. Reagents for a multiplex PCR-HRM reaction 

Components Concentration Volume per reaction 

Viangchan primer_F 0.2μM 0.8 μl 

Viangchan primer_R 0.2μM 0.8 μl 

Canton primer_F 0.2μM 0.8 μl 

Canton primer_R 0.2μM 0.8 μl 

MgCl2 2.5mM 2 μl 

HRM mix 1X 10 μl 

DNA template 10-50ng Depending 

H2O - Up to 20 μl 

 

 

Figure 8. Example of multiplex PCR-HRM result, 

generated by uMELT website. Melting curve with two 

shoulders for two mutations. Due to lower melting 

temperature, “Viangchan shoulder” would appear first. And 

the second shoulder represented Canton mutation. 

 

 

 

 

Figure 9. Multiplex HRM result of different genoytpe combination. Pictures A1, B1, C1, D1 are melting curves results. Pictures 

A2, B2, C2, D2 are melting peaks results. 
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Among 50 samples which had already been 

genotyped by ARMS-PCR and confirmed by 

sequencing, four samples with both Viangchan and 

Canton mutation were used as controls for multiplex 

PCR-HRM. Genotype combinations of these samples 

are: hemizygous wild type for both mutations, 

heterozygous Viangchan and homozygous wild-type 

Canton, homozygouswild-type Viangchan and 

heterozygous Canton, and hemizygous mutants for 

both mutations. Multiplex PCR-HRM reactions for 

four control samples were run separately in order to 

identify the curve shapes of each combination. As 

expected, two shoulders in melting curve which 

represent the presence of two mutations were shown. 

Nevertheless, the genotype identification became 

relatively more complicated because the difference in 

various genotypes’ melting curve shape of a mutation 

was not  as clear as in singleplex (Fig. 9A1,B1,C1,D1). 

However, by analyzing melting peaks, various 

genotypes of each mutation as well as four genotype-

combinations can be distinguished easier. For 

example, for the combination of heterozygous and 

homozygous genotype there were three melting 

peaks. Two of those were very closed to each other 

and quite separated from the other one (figure 9 A2, 

B2). Similar to singleplex PCR, these two closed peaks 

represented for heterozygous genotype while the 

“only one peak” indicated the homozygous genotype. 

Yet, the analysis of  melting peak patterns only could 

not help to differentiate between combination of two 

hemizygous-genotype (Fig. 9C2,D2). In this case, 

melting temperature (Tm) would become a solution. 

First, due to a bigger amplicon, Canton mutation 

would have higher Tm thanViangchan mutation. 

Specificially, Tm  of Canton mutation was 87oC while 

Viangchan mutation had Tm of 81.5oC.Then, in figure 9 

C2 and D2 when genotype of Canton mutation 

changed from YG to YT, its melting temperature (Tm) 

also decreased from 87oC to around 86.5oC.  

Therefore, multiplex PCR-HRM can help to determine 

these four genotype combinations. In the other words, 

if an unknown sample has a similar curve-shape with 

one of these four controls, the genotype of Viangchan 

and Canton mutation could be identified at the same 

time. 

 

DISCUSSION 

G6PD deficiency is an enzymatic disorder caused by 

mutations on G6PD gene. Although this disease can 

lead to mild or severe hemolysis, patient still can live a 

normal life if they have suitable drug and diet. In 

order to help  them, numerous molecular methods for 

G6PD-deficiency diagnosis have been developed until 

now. In this study, a multiplex PCR-HRM has been 

devised to detect Viangchan and Canton mutation due 

to their high frequency in Vietnamese population. 

When applying singleplex PCR-HRM to genotype 

these mutations, many strengths of this method have 

been found. It is a simple and fast work flow 

technique. It does not require any additional 

instrumentation or steps besides PCR preparation and 

a PCR machine capable of detecting the dye. In 

addition, toxic chemical like EtBr or post-PCR 

extrinsic error can be eliminated since running gel 

electrophoresis is no longer necessary for this method. 

Especially, HRM has high sensitivity and accuracy. 

This can obviously be seen when comparing 

Viangchan genotyping result between this method 

with ARMS-PCR. It can be found that among 50 

genotyped samples, ARMS-PCR gave 47/50 correct 

genotypes while HRM gave exactly 50/50 correct ones. 

This has proven that PCR-HRM is a promising 

method for genotyping. Nevertheless, this high 

sensitivity can also become its weakness. First of all, 

because of this characteristic, it can get contamination 

easily in a run. Second, because HRM is highly 

sensitive, only small difference in DNA quality can 

also affect amplification process remarkably resulting 

in shifting melting curve. For example, in this study, 

when a DNA sample which was stored for more than 

two year was used for genotyping, it gave a shifted or 

unidentified melting curved. However, when this 

reaction was performed again with new extracted 

DNA, its melting curve was identified. From this 

experiment, it can also be concluded that DNA quality 

had remarkable effect on the result of HRM analysis.   

Additionally, the primer design step should be pay 

more attention because the generation of effective 
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amplicon is vital for this method. Specificially, the 

amplicon length may have significant influence on the 

sensitivity of HRM method. For a short amplicons, if 

there is a presence of a single base difference, melting 

temperature (Tm) among different genotypes is 

noticeable. This allows good discrimination among 

them. However, when the amplicon size increases, the 

Tm difference decreases resulting in difficulty in 

genotypes differentiation (Erali et al., 2008; Krypuy et 

al., 2006; Liew et al., 2004). For this project, the 

amplicon size were 80bp and 102bp which were in the 

optimal range for HRM analysis. Moreover, short 

amplicon also limits the number of mutations 

presence on it which may affect the melting curve 

pattern. It was reported that a few G6PD variants have 

also occurred in close proximity of these mutations 

(Available from: Ensembl 2014 Database; 

http://www.ensembl.org, Sep 28, 2015) but their 

frequencies are insignificant compared to Viangchan 

and Canton mutation . 

In this study, even though a background singleplex 

PCR-HRM for each mutation was designed 

successfully, the development of multiplex PCR-HRM 

still has had few limitations. Firstly, though four 

melting curve patterns were identified, they were 

identified separately. Basically, one assay with four 

controls needs to be run so that various melting curve 

patterns can be compared and the ability to 

distinguish between different genotype combinations 

based solely on melting curve can be checked. This is 

necessary because it would help to improve the 

process of result analysis. Secondly, for this method, 

the genotype of a sample can only be determined if its 

melting curve is closely parallel with control’s melting 

curve. So, in order to fully develop this method and 

make it fucntion a set of nine controls which are nine 

genotype-combinations of two mutations is needed. 

This lack of controls is critical because it may lead to 

result mis-reading. Hence, to continue developing this 

method, other five missing genotype-combination, or 

control, should be created by mixing amplicons 

having different genotypes together. For instance, a 

heterozygous genotype combination of both 

mutations can be made by performing PCR for two 

samples each of which contains heterozygous 

Viangchan and heterozygous Canton and mixing 

products of two PCR reactions together. 

 

 

CONCLUSION 

In this study, singleplex PCR- HRM for detection of 

Viangchan and Canton mutations in G6PD gene has 

been performed relatively successful. Multiplex PCR-

HRM for detection of these mutations has also been 

designed although this performance was unsuccessful. 

With four controls available, four genotype 

combinations of these mutations can be identified. 

This also means that the  genotype of each mutation 

can be determined immediately with only one 

reaction. Hence, in comparison with tranditional 

methods, this  method shows number of  advantages 

in numerous aspects. It is more economic efficiency, 

time saving, sensitivity, and specificity than other 

methods such as realtime PCR, Amplification-

refractory mutation system- PCR (ARMS- PCR), or 

even singleplex PCR- HRM. Nonetheless, the method 

also has it own disadvantages. Due to the high 

sensitivity of this method, it is easy to get 

contamination in a run. Also, quantity and quality of 

DNA input should be checked carefully because of 

their significant effect on HRM reaction which leads to 

shift in melting curve.  

Although multiplex PCR-HRM has showed its 

potential in genotyping 2 mutations simultaneously, 

the study has encountered few difficulties among 

which limitation of control samples is the most 

considered one.  In this study, only four out of nine 

controls presented. The other five controls are still 

needed to make this method function completely. This 

lead to an impracticality of continuing development of 

multiplex PCR-HRM. And multiplex PCR-HRM still 

cannot be applied into practice at this stage. However, 

singleplex PCR-HRM in this study can serve as the 

background to develop PCR-HRM for other G6PD 

mutations in Vietnamese-Kinh population. In the 

future, an identified amount of new dried blood 

samples will be used to performed again this 

singleplex PCR-HRM so as to determined exactly the 

eficiency of this method. 
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