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DNA extraction and purification have been generally considered to be required for PCR assay. We 
demonstrated a new protocol using biological specimens directly as templates for real-time PCR with melt-
ing curve analysis. We confirmed the melting curve analysis was particularly suitable for the identification 
of the insertion/deletion (Ins/Del) polymorphism of the angiotensin-converting enzyme (ACE) gene. The new 
protocol we developed can be set up using simple and complete PCR analysis including data interpretation in 
under four hours with additional advantages of application for large-scale clinical research, diagnostics, and 
epidemiological studies at low cost.
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INTRODUCTION

Single nucleotide polymorphism (SNP), microsatellite poly-
morphism, copy number polymorphism (CNP), and insertion/
deletion (Ins/Del) polymorphism have been associated with a 
predisposition to common diseases and individual variations 
in drug responses.1–5) Various assays have been developed to 
analyze these polymorphisms, such as direct DNA sequencing 
after PCR amplification,6) allele-specific primer-PCR,7) PCR-
restriction fragment length polymorphisms (PCR-RFLP),8) 
TaqMan® PCR,9,10) and a real-time PCR system with the melt-
ing curve analysis.11,12) Generally, it is necessary for all of 
these genetic amplification methods to have sample prepara-
tion processes including extraction and purification of DNA 
from blood or saliva. The preparation processes for biological 
specimens are usually labor-intensive, time-consuming, and 
also simplified kits are costly to use for large-scale studies. 
Recently, we developed a simple SNP genotyping method in 
which all sample preparation processes were eliminated. We 
succeeded in using a dried blood sample on general filter 
paper for a PCR-RFLP method,13) and a dried saliva template 
on water-soluble paper for a TaqMan® assay.10)

The angiotensin-converting enzyme (ACE) is a central 
component of the renin-angiotensin system that controls blood 
pressure by regulating the volume of fluid in the body. Several 
studies have shown that approximately 50% of the variability 
of plasma ACE between individuals is the result of an Ins/Del 
polymorphism in intron 16 of the ACE gene on chromosome 
17.14–16) The Ins and Del alleles are due to the presence or 
absence of a 287 bp Alu sequence DNA, respectively. We 
developed here a rapid and cost-effective high-throughput 
Ins/Del polymorphism genotyping protocol of the ACE gene, 
to be suitable for practical use in clinical sites as well as in 
academic laboratories.

MATERIALS AND METHODS

Materials  Water-soluble paper (120MDP) was purchased 
from Nippon Paper Papylia Co., Ltd. (Tokyo, Japan), and 
homemade sampling kits “DnaCapture” were prepared from 
Taiko Co., Ltd. (Nishinomiya, Japan). An oral care sponge 
swab was purchased from Osaki Medical Co. (Nagoya, 
Japan). Lancet (BD Microtainer® contact-activated lancet) 
was purchased from Becton Dickinson & Company (Frank-
lin Lakes, NJ, U.S.A.). Biopsy punch (BPP-20F, BPP-40F) 
was purchased from Kai Industries Co., Ltd. (Tokyo, Japan). 
THUNDERBIRD® SYBR® qPCR Mix (QPK-201) was pur-
chased from TOYOBO Co., Ltd. (Osaka, Japan). PowerUp® 
SYBR® Green Master Mix was purchased from Thermo 
Fisher Scientific Inc. (Waltham, MA, U.S.A.).

Subjects  The development of the ACE Ins/Del genotyping 
protocol was based on real-time PCR with the melting curve 
analysis using seventeen healthy females’ dried saliva and 
blood samples. For the large-scale study of the Japanese popu-
lation in sufficient subjects, two hundred sixteen healthy fe-
male students at Mukogawa Women’s University participated 
as volunteers. The Medical Ethics Committee of Mukogawa 
Women’s University approved the study protocol. Informed 
consent was obtained from all subjects.

Sample Preparation  The dried saliva samples were pre-
pared as follows. The subjects were asked to rub their inner 
cheek surfaces with an oral care sponge swab to collect oral 
mucosal cells for their genotyping. The swabs including saliva 
specimens were applied to the DnaCapture on a part of water-
soluble paper (120MDP) and were dried thoroughly for about 
an hour at room temperature. A small piece (4 mmϕ) of dried 
saliva sample for genotyping was cut with a biopsy punch 
(BPP-40F), directly suspended in 200 µL of distilled water, 
and heated at 95°C for 5 min. The supernatant of genome 
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DNA template was added to a PCR tube as shown in Fig. 1.
As control specimens, the blood samples were prepared as 

follows. Whole blood obtained by a finger prick using a lan-
cet was dried onto DnaCapture for an hour at ambient room 
temperature. The dried blood sample was kept dried at room 
temperature until genotyping analysis. These samples were 
used as the DNA template, attached to a piece of water-soluble 
paper cut into a 2 mmΦ disk with a biopsy punch (BPP-20F), 
directly suspended in 200 µL of distilled water, and then 
heated at 95°C for 5 min.

Genotyping of ACE Gene Ins/Del Allele by Melting 
Curve Analysis  To genotype Ins/Del polymorphism of the 
ACE gene, the real-time PCR SYBR GreenI was performed 
with the following primer sequences: 5′-CTG GAG ACC ACT  
CCC ATC CTT TCT-3′ and 5′-ATG TGG CCA TCA CAT TCG  
TCG TCA GAT-3′. The homozygous individual Del allele 
(Del/Del genotype) was identified by the presence of a single 
190 bp PCR product. The homozygous Ins allele (Ins/Ins gen-
otype) was identified by the presence of a single 490 bp PCR 
product. The heterozygous individual (Ins/Del genotype) was 
identified by the presence of both 190 and 490 bp PCR prod-
ucts. The resulting fragments were analyzed by automated 
microchip electrophoresis detection on MultiNA (MCE-202).

The amplification mixtures at a final volume of 20 µL, 
included 10 µL of THUNDERBIRD® SYBR® qPCR Mix 
(QPK-201), 0.4 µL of a 50 × ROX reference dye, each primer 
for the ACE gene (ACE-F and ACE-R) at a final concentration 
of 0.5 µM (1.0 µL of 10 µM Primers), 7.6 µL of the supernatant 
of genome DNA as template. The reactions were performed 
with the QuantStudio™ 12K Flex real-time PCR system 
(Thermo Fisher Scientific Inc.). The thermal cycling process 
was as follows: at 95°C for 1 min; 50 cycles of denaturation 
at 95°C for 10 s, annealing at 60°C for 15 s, and extension at 
72°C for 1 min. After the amplification was completed, melt-
ing curve analysis was performed by cooling the reaction to 
60°C and then heating it slowly to 95°C, following the instruc-
tions from the manufacturer.

Endpoint Melting Curve Analysis for Large-Scale Popu-
lation Study  The amplification mixtures at a final volume 
of 10 µL included 5 µL of a PowerUp® SYBR® Green Master 
Mix, each primer for ACE gene (ACE-F and ACE-R) at a final 
concentration of 0.5 µM (0.5 µL of 10 µM Primers), and 4 µL 
of the supernatant of genome DNA as template. The reactions 
were performed with the Applied Biosystems GeneAmp® PCR 
System 9700. The thermal cycling process was same as men-
tioned above for the real-time PCR system. After the amplifi-
cation was completed, melting curve analysis was performed 

with the QuantStudio™ 12K Flex real-time PCR system.
Processing Times and Cost for Endpoint Melting Curve 

Analysis  When the researcher manually performed the 
genotyping of ACE Ins/Del polymorphism from ② (sample 
punching for 1 h) to ⑤ (liquid handling for 1 h), as shown in 
Fig. 1, the preparation for 216 dried saliva specimens could 
be carried out within 2 h until the PCR amplification process-
ing. Following the PCR amplification reaction by simultane-
ously using three GeneAmp® PCR System 9700 at the same 
time for 1 h, the melting curve analyses were analyzed on 
the QuantStudio™ 12K Flex real-time PCR system. The total 
cost of ACE Ins/Del allele genotyping for each specimen was 
less than two U.S. dollars using the homemade sampling kits 
DnaCapture, the commercially available oral care sponge 
swab, and the real time PCR master mix. However, it does not 
include facilities costs, depreciation expenses and etc.

RESULTS

After real-time PCR using the dried saliva samples on 
water-soluble papers, the melting curve analyses were success-
fully performed to assay the genotyping of ACE Ins/Del poly-
morphisms. Melting curves from a part of endpoint analysis 
for the deletion Del/Del, insertion Ins/Ins, and Ins/Del alleles 
are shown in Fig. 2. It was identified easily for three types of 
genotype since each group was clearly separated. In Ins/Del 
genotyping of ACE, the homozygous PCR of the deletion type 
showed a single peak at 82.0 ± 0.1°C (n = 11), whereas the ho-
mozygous PCR of the insertion type showed a single peak at 
89.8 ± 0.1°C (n = 15). Samples containing both alleles (hetero-
zygotes) displayed two melting peaks as the respective homo-
zygous samples at exactly the same temperatures (81.9 ± 0.1°C 
and 89.6 ± 0.1°C, n = 20).

It was also revealed that the saliva attached to the water-
soluble papers could hold enough of the PCR product to be 
genotyped as shown from the amplification curves in Fig. 3. 
Successful amplifications were evident from the appearance 
of specific fluorescence and the display of derived melting 
curves. The mean Ct value of all specimens for the seven-
teen subjects was 25.1 ± 1.4 cycles for the dried saliva and 
29.9 ± 1.4 cycles for the dried blood, respectively.

In addition, the amplified real-time PCR products analyzed 
by automated microchip electrophoresis detection on MultiNA 
(MCE-202, Shimadzu, Kyoto, Japan) of the PCR products 
verified the presence of only two PCR products (490 and/or 
190 bp) as shown in Fig. 4.

With the endpoint melting curve analysis by the real time 

Fig. 1. Dried Saliva Sampling Process and Genetic Test Flow
① The oral mucosal cells in the oral care sponge swab were transferred to 120MDP on DnaCapture. ② The dried saliva on water-soluble paper was 4 mmϕ punch out 

by the biopsy trepan. ③ The punched specimen was poured into 200 µL of distilled water. ④ The suspension was treated on 95°C for 5 min. ⑤ 7.6 µL of supernatant was 
used for real-time PCR using SYBR green I.
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PCR system after conventional PCR amplification, we were 
able to rapidly and accurately complete the genotyping of the 
216 dried saliva specimens by the lists of the Tm (melting tem-
perature) values. In general young Japanese women, the fre-
quencies of the Ins and Del alleles are 64.8 and 35.2%; in the 
meantime, frequencies for the Ins/Ins, Ins/Del, and Del/Del 
genotypes are 45.8, 38.0, and 16.2% respectively. These geno-
type frequencies are similar to those found in previous studies 
of Japanese populations.17)

DISCUSSION

In this study, we developed a cost-effective genotyping 
protocol for ACE Ins/Del polymorphism by real-time PCR 
method with the melting curve analysis using dried saliva 

Fig. 2. Genotyping of Insertion/Deletion Polymorphism of ACE Gene 
by Endpoint Melting Curve Analysis

Melting curves for the (A) deletion homozygote Del/Del (n = 11), (B) heterozy-
gote Ins/Del (n = 20), and (C) insertion homozygote Ins/Ins (n = 15) alleles. The 
melting curves were obtained after 50 cycles of PCR amplification with ACE prim-
ers in the presence of genomic DNA that has been genotyped. The first derivative 
of the fluorescence (−dF/dT) versus temperature shows different melting peaks.

Fig. 3. Amplification Curves of ACE Gene by Real-Time PCR by 
SYBR® Green Fluorescence

The mean Ct values of dried saliva (A) and blood (B) samples for all seventeen 
specimens was shown at 24.9 ± 1.3 and 29.9 ± 1.4 cycles, respectively.

Fig. 4. Automated Microchip Electrophoresis Detection of ACE Ins/Del 
Genotypes

Lane 1: Marker, Lane 2: ACE Del/Del (190 bp), Lane 3: ACE Ins/Ins (490 bp), 
Lane 4: ACE Ins/Del (490 and 190 bp), Lane 5: DW, LM: lower marker, UM: upper 
marker.
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samples as templates. Because we have yet not to develop a 
cost-effective genotyping protocol for Ins/Del polymorphism, 
which has been frequently observed in human genome. More-
over, ACE Ins/Del polymorphism is known as useful informa-
tion for the personalized treatment of cardiovascular and/or 
hypertension diseases. This is the first report on melting curve 
assay for Ins/Del genotyping protocol by adding reagents and 
unprocessed saliva samples simultaneously with no additional 
steps required before or after PCR. Therefore, this protocol 
can reduce the time and effort, as well as the risk of contami-
nation. This high-throughput Ins/Del genotyping protocol is 
suitable for practical use in clinical sites as well as in academ-
ic laboratories. The real-time PCR-based protocol described in 
this study provides a rapid and sensitive way for detection of 
ACE Ins/Del polymorphism in clinical specimens.

The melting curve analysis results for the seventeen sub-
jects were tested with a SYBR Green for ACE Ins/Del poly-
morphism. All samples performed very well with all assays. 
The average Ct value of all saliva were observed at 24.9 ± 1.3 
cycle, on the other hand that of bloods were 29.9 ± 1.4 cycle. 
It was about five cycles difference. Therefore, the genomic 
DNA templates in saliva samples were good enough amounts 
to determine ACE Ins/Del polymorphism, and also the con-
centration of saliva samples were more than ten times higher 
from those of blood samples. It was suggested that most blood 
samples included PCR amplification with much higher levels 
of inhibitors than saliva.

However, both samples gave us the same results from the 
melting curve assay of ACE Ins/Del polymorphisms. Also, 
since the standard deviation of Ct values was within a narrow 
range, it was proved that the advantage for our sampling pro-
cedure using the DnaCapture.

Samples of either blood or saliva are collected for epide-
miological studies involving the analysis of DNA using high-
throughput genotyping methods. Generally, blood collection 
is not always possible or feasible, particularly in case-control 
studies when requesting blood can potentially reduce control 
subjects to participate. Smaller sample size can also threaten 
the validity of statistical robustness. Inevitably, extracting oral 
mucosal cells in the saliva using a swab is more non-invasive 
than blood. Therefore, dried saliva samples are often more 
preferred as a source of genomic analysis, since sampling pro-
cess is usually painless and non-invasive.

Moreover, its simplicity to sample will extend the capacity 
by allowing to self-sample, and to send the specimen to the 
laboratory for analysis. Considering the difficulties in collect-
ing blood samples, we developed a new sampling method to 
collect dried saliva samples using water-soluble paper.10,18,19) 
This sampling kit allows efficient sample collection and pres-
ervation, which sufficiently prepares for DNA amplification. It 
also simplified the sampling process; thus, an individual can 
easily learn to self-sample using this kit with instruction (Fig. 
1). The saliva samples were able to be stored at room tempera-
ture more than three year later, and also, their genotyping still 
could be verified.

FTA (GE Healthcare UK Ltd.) technology,20) which is most 
well-known as products for facilitates collection, transport, 
purification, and long-term, room-temperature storage of 
nucleic acids, all in a single device similar to that of DnaCap-
ture. Processing time course for DNA preparation were com-
pared between this study and FTA in Table 1. On the process 

for DNA purification for FTA technology, the punched piece 
has to be washed with plenty of water. This process also in-
cludes a risk of cross contamination. On the other hand, our 
protocol has great merit because of no need to be washing by 
distilled water.

In this endpoint melting curve analysis protocol using the 
real time PCR system by SYBR® Green assay method, the 
gene amplification was carried out with a general thermal 
cycler as a research facility related to molecular biology. We 
need to mention that this new protocol using the homemade 
sampling kit DnaCapture has a lower-cost and less reduc-
tion of processing time compared to the general genotyping 
process with DNA extraction and purification. All procedure 
related to the measurement of ACE Ins/Del of 216 saliva sam-
ples was completed within 4 h, and its consumable material 
cost was about 400 U.S. dollars. These were easier to handle 
than frozen liquid biopsy such as blood or saliva. Moreover, 
sample storage did not need facilities or any refrigeration 
equipment, and dried specimen could be easily transported 
through regular mail at room temperature. The risk of con-
tamination had considerably decreased since the samples were 
solids. It is also of great value to use saliva as a template in 
some studies having healthy subjects since it is a non-invasive 
sampling method. By introducing automation such as the liq-
uid handling automation system for genotyping reagents, it is 
also possible that further cost performance can be realized.

In summary, we constructed a new protocol to determine 
the genetic polymorphisms using real-time PCR and melting 
curve analysis. The genotyping of the ACE Ins/Del poly-
morphisms through simple sample preparation is a rapid and 
reliable protocol that is suitable for typing both small and 
large numbers of specimens. This new protocol may be used 
routinely in laboratories and allow clinicians an early assess-
ment of individual drug efficacy. The pharmacogenomics 
(PGx) approach can be useful in drug development for target-
ing subgroups of patients genetically predisposed to high drug 
efficacy.
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