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Background: Single-nucleotide polymor-
phisms (SNPs) have been reported as a
highly relevant point for the mechanisms
of Parkinson’s disease (PD). The inven-
tion of saturating dye makes it possible to
identify heteroduplex DNA without redis-
tribution during melting, which allows us-
ing high-resolution melting (HRM) to de-
tect SNPs. However, the HRM analysis
for detection of those SNPs associated
with PD was rarely applied. Methods: Two
SNPs, G2385R and R1628P, located in
leucine-rich repeat kinase 2 (LRRK2) gene
were individually and multiplexedly geno-
typed using HRM analysis. The sequence
variant observed in unexpected HRM
curves was confirmed by DNA sequencing.

Results: HRM analysis identified success-
fully all genotypes both on R1628P and
G2385R loci. The unexpected HRM curves
appeared in R1628P amplicon gener-
ated from combinations of R1628P and
rs11176013 loci. A multiplexed HRM as-
say that genotyped R1628P, rs11176013,
and G2385R loci was efficiently established.
Conclusions: The present HRM assay is a
reliable and rapid method for genotyping
R1628P and G2385R loci in LRRK2 gene,
and multiplex HRM analysis results in high
throughput and has the potential to facili-
tate a wide range of genotyping studies on
PD susceptibility genes. J. Clin. Lab. Anal.
29:299–304, 2015. C© 2014 Wiley Periodi-
cals, Inc.
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INTRODUCTION

Leucine-rich repeat kinase 2 (LRRK2, OMIM:
609007), encoded by LRRK2 on chromosome 12q12, con-
tains five putative functional domains: an N-terminal
leucine-rich repeat (LRR) domain, a Roc (Ras of com-
plex protein) domain that shares sequence homology to
the Ras-related GTPase superfamily, a COR (C-terminal
of Roc) domain, a mitogen-activated protein kinase kinase
kinase (MAPKKK) domain, and a C-terminal WD40 re-
peat domain (1). Many functional roles for LRRK2 have
been suggested, including vesicular trafficking and endo-
cytosis (2,3), protein synthesis (4), immune response regu-
lation (5), inflammation (6), and cytoskeleton homoeosta-
sis (7). Also, increasing evidences are building to support a
multifactorial role of LRRK2 in a number of human dis-
eases, linking to risk of Parkinson’s disease (PD), Crohn’s
disease, leprosy, and cancer (8–10). How the biology of
LRRK2 interplays with the etiology of these disorders,
and whether these links represent opposing or congruent
roles for LRRK2 is, as yet, unclear (11).

Although the LRRK2 locus has been linked to some dis-
eases in genome-wide association studies, the strong links
have been mainly observed between LRRK2 and familial
and sporadic PD. Numerous recent studies have demon-
strated that mutation in this gene is one of the most com-
mon causes of inherited PD. LRRK2 gene, also known
as PARK8, contains 51 exons and encodes a very large
protein of 2,527 amino acids. To date, more than 50 vari-
ants have been identified in LRRK2, including at least 16
pathogenic variants (12). Mutations known to cause PD
are clustered within the central catalytic region including
the GTPase (N1437H, R1441C, R1441G, and R1441H),
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COR (Y1699C), and kinase (G2019S and I2020T) do-
mains (13), whereas the R1941H and G2385R mutations
suppress autophosphorylation as well as phosphoryla-
tion of myelin basic protein and moesin (14). Similarly,
G2385R mutation inhibits kinase activity (15). In addi-
tion, some association studies suggested that G2385R,
R1628P, S1647T, and A419V showed evidence to con-
tribute to disease susceptibility in Asians and G2019S as
well as M1646T in White individuals (16).

Thus, not only pathogenic variants but these PD sus-
ceptibility single-nucleotide polymorphisms (SNPs) in
LRRK2 gene should be taken into account to perform
a rapid and accurate genotyping. At present, as a routine
examination, a few genetic factors have been analyzed
by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) technique in the outpatients
who are diagnosed with PD in our affiliated hospital (17).
However, the genotyping method seems to be a little
bit time-consuming. High-resolution melting (HRM) is
a more sensitive technique and used fashionably in SNPs
genotyping due to be a homogeneous, closed-tube, post-
PCR technique (18). However, those pathogenic variants
and PD susceptibility SNPs in LRRK2 gene were rarely
detected by the HRM method.

In this study, we developed a robust HRM method
to genotype the R1628P (rs33949390, 4883 G > C) and
G2385R (rs34778348, 7153 G > A) loci, individually or
simultaneously, which are associated with risk of PD in
parts of Asian population, providing a rapid and effective
diagnostic method.

MATERIALS AND METHODS

DNA Samples

The study protocol was approved by the ethical com-
mittee of China Medical University. DNA samples from
141 PD patients whose genotypes of the R1628P and
G2385R loci had already been determined were used.
Their genotypes were previously identified as 136 ho-
mozygous GG and 5 heterozygous GC in R1628P locus,
and 121 homozygous GG, 19 heterozygous GA, and 1 ho-
mozygous AA in G2385R locus. DNA concentration was
determined by NanoDrop 2000 (Thermo Fisher Scientific
Inc., Waltham, MA), and then all samples were adjusted
to 20�21 ng/μl in final concentration. Informed consent
was obtained from all study participants.

Primers Design and PCR/HRM Conditions

The PCR/HRM primers were designed to individually
and simultaneously detect R1628P and G2385R loci. The
sequence of used primers was 5′-AAA CAC CCT AAG
GGC ATT ATT TCG-3′ (forward) and 5′-CTA GGA
GCT TAA AAT ACT GTG ACA TGT AGT TCT-3′ (re-

verse) for R1628P locus amplification, and 5′-ACA GTG
GTG GTA GAC ACT GCT CTC TAT A-3′ (forward) and
5′-CTT AAA AAG TGC ACG CAG TCT ATT AGT C-
3′ (reverse) for G2385R locus amplification. PCR reaction
and HRM assay were all performed by LightCycler R© 480
Real-Time PCR System in one same tube for each sample.
Following the recommended procedure of LightCycler R©

480 High-Resolution Melting Master, we used a 20 μl
standard reaction including 10 μl of LightCycler R© 480
High-Resolution Melting Master 2× containing buffer,
0.4 μl of each primer (final concentration 0.2 μm),
2.4 μl of 25 mM MgCl2 stock solution, 4.8 μl of PCR-
grade water, and 2 μl of each DNA template.

PCR program begins with a initial preincubation at
95°C for 5 min and the amplification conditions were as
follows: 45 cycles of denaturation at 95°C for 10 s, anneal-
ing at 60°C for 10 s, and elongation at 72°C for 10 s (with
single-mode fluorescence acquisition). After the amplifi-
cation, the melting program was followed, which included
three steps: denaturation at 95°C for 1 min, renaturation
at 40°C for 1 min, and a continuous reading of fluores-
cence from 65°C to 95°C at a rate of 25 acquisitions for
each degree centigrade.

Multiplexed PCR Amplicons Melting Assay

The duplexed PCR amplicons melting assay included
two fragments for genotyping R1628P and G2385R loci,
and the multiplexed PCR was performed under same
concentrations and volume as described above but with
the adjusted ratio of concentrations of the two pairs of
primers. Best image appeared in pre-experiments when
0.4 μl of R1628P primers and 0.15 μl of G2385R primers
were used. For multiplexed PCR, normalization region
was adjusted to 71.77–73.21 and 81.62–82.62.

Gene Scanning by HRM Analysis

We chose one sample of each genotype for in-run
standard and set the remaining samples as unknown.
HRM data were analyzed, normalized, and temperature-
shifted by the software LightCycler R© 480 GeneScanning
Software Version 1.5 (Roche Diagnostics, Mannheim,
Germany), and then converted to a derivative plot.
Normalized HRM curves were generated with the
following normalization regions: R1628P, 71.77–73.21
and 78.05–79.00; G2385R, 77.11–78.12 and 81.62–82.62.

DNA Sequencing

The above PCR products from R1628P locus were pu-
rified, and then direct DNA sequencing was performed
using the BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA).
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Fig. 1. Genotyping of G2385R by LightCycler R© 480. Differences between three genotypes in normalized plots (A) and normalized and temperature-
shifted plots (B).

TA-Cloning

Because no homozygous CC in R1628P locus was pre-
viously detected, we constructed C and G alleles on the
R1628P locus by TA-clone to provide a distinguishable
parameter between different genotyping methods. PCR
products from genotype GC of R1628P were obtained by
the same PCR assay as described above. Freshly produced
amplicons were subcloned using the pGM-T Clone R© Kit
(Tiangen). Plasmids of positive clones were confirmed by
DNA sequencing.

RESULTS

HRM Method for Genotyping the R1628P and
G2385R Loci in LRRK2 Gene

HRM analysis successfully identified all genotypes on
G2385R locus (Fig. 1) and genotypes from the 141 sam-
ples matched to ones we determined in our previous study,
showing a high accuracy. Normalized plots (Fig. 1A) and
both normalized and temperature-shifted difference plots
(Fig. 1B) may be used to classify genotypes GG, AA, and
GA on G2385R locus. When normalizing the initial and
final fluorescence in all samples (Fig. 1A), it is easier to
distinguish the samples between homozygotes, as well as
homozygote and heterozygote. Furthermore, when shift-
ing the temperature axis of the normalized melting curves
at the point where the entire double-stranded DNA is
completely denatured, it seems to demonstrate more sig-
nificant plot’s differences by the different shapes of their
melting curves (Fig. 1B).

Similarly, the R1628P locus on LRRK2 gene was also
analyzed by HRM method. Two previously determined
genotypes, homozygous GG and heterozygous GC, were
successfully identified in all 141 samples (Fig. 2A and B).

Interestingly, we observed 54 samples with GG genotype
whose melting curves were obviously deviated from nor-
mal orbit. Thus, direct DNA sequencing was performed
in a few samples. The results showed that the samples
were not only of genotype GG of R1628P but also had
another heterozygous AG mutation, which was previously
designated as rs11176013 locus on SNPs online database.
Normalized plots (Fig. 2A) and both normalized and
temperature-shifted difference plots (Fig. 2B) may accu-
rately distinguish either the genotypes considered as single
R1628P locus or those considered as R1628P combined
with rs11176013 loci. These results suggested that even if
there was another mutation in the targeted fragment, the
R1628P locus could still be genotyped without mistake
by HRM method.

Since we have not detected any homozygous genotype
CC on R1628P locus in the previous study, to determine
if the homozygous CC and GG can be distinguished by
HRM method, the allelic C and G of R1628P were first
prepared by TA-cloning from PCR products of heterozy-
gous CG sample. Subsequent HRM analysis showed that
homozygous CC and GG could be genotyped by normal-
ized and temperature-shifted difference plots (Fig. 2C).
Thus, our result provided a potential feasibility for dis-
criminating all genotypes on the R1628P locus using
HRM method.

Simultaneous Genotyping of G2385R and R1628P
Loci in LRRK2 Gene

In this study, we also developed a multiplex HRM PCR
test that allows rapid and reliable SNP genotyping on
multiple loci. Applying this technique, we were able to
efficiently genotype R1628P, G2385R, and unexpected
rs11176013 loci in all investigated samples. As shown in
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Fig. 2. Genotyping of R1628P by LightCycler R© 480. Differences be-
tween GC mutant, wild type and rs11176013 AG mutant plus R1628P
wild type in normalized plots (A) and normalized and temperature-
shifted plots (B). Differences between clones in normalized plots (C).

Figure 3, two groups of amplicon peaks from multiplex
PCR products represented R1628P plus rs11176013 loci
at around Tm 76°C and G2385R locus at around Tm 80°C.
Thus, based on peaks’ height and Tm value, all genotypes
of three loci in LRRK2 gene could be simultaneously and
accurately distinguished.

DISCUSSION

HRM analysis of amplicons depends on DNA melt-
ing in the presence of saturating DNA-binding dyes. As
the temperature of the solution is increased, the spe-
cific sequence of the amplicon determines the melting
behavior. The unique pattern of the melting curve, the
derivative plot, or the difference plot may be used for
amplicon analysis. Therefore, HRM analysis has been
increasingly developed as a multipurpose technology in
recent years. The latest developments and other applica-
tions in HRM analysis included presequence screening,
SNP typing, methylation analysis, quantification (copy
number variants and mosaicism), an alternative to gel-
electrophoresis, and clone characterization (19). More ex-
tensive application for HRM seemed to be mutation de-
tection and genotyping for SNP locus. As is well known,
there are many traditional scanning methods for SNP typ-
ing but almost all strategies require a separation step after
PCR. HRM analysis can be performed in one closed-tube,
which does not require additional post-PCR separation
step and greatly reduces the possibility of contamination.
Considering the advantages and benefits of HRM anal-
ysis, we tried to establish an HRM assay to genotype
several PD susceptibility SNPs in outpatients instead of
PCR-RFLP method, which is the used strategy at present.
Optimized primers design and length control of amplicons
led to not only distinguish unambiguously all genotypes
between homozygotes, homozygotes, and heterozygotes
on R1628P and G2385R loci in LRRK2 gene within 1.5 h,
but also identified successfully an unexpected SNP locus
(rs11176013) in the present study. Ease of use, simplicity,
low cost, superb sensitivity, and specificity of HRM anal-
ysis suggested that the assay should become the tool of
choice to screen patients for PD susceptibility genes and
pathogenic variants.

Multiplex genotyping by amplicon melting is also pos-
sible and has many important advantages. Multiple am-
plicons targeting different loci may be separated naturally
at Tm based on their guanine–cytosine content and se-
quence. As an initial attempt to solution, genotyping by
multiplexed amplicon melting was carried out using hu-
man platelet antigens 1 and 5 duplex assay (20). Next,
a duplex amplicon genotyping assay was used for the
MTHFR variants 1298 A > C and 677 C > T and suc-
cessfully obtained HRM curves of PCR products (21). A
developed ability to genotype up to four loci in the same
reaction using amplicon melting has also been reported
using rapid-cycle PCR for amplification in one instru-
ment and HRM in separate instruments (22). More mean-
ingfully, the four most common mutations associated
with thrombophilia were efficiently genotyped in a sin-
gle homogeneous assay (23). Thus, multiplex analysis by
HRM could provide an accurate and reliable method for
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Fig. 3. A simultaneous genotyping of R1628P and G2385R loci in LRRK2 gene. All detected genotype combinations in this study are shown.

mutation detection in known genes after the identification
of particular diseases’ susceptibility loci through the pow-
erful existing strategies for elucidating genetic variations.
In the present study, we also performed a multiplexed
HRM analysis on R1628P and G2385R loci of LRRK2
gene associated with PD based on conditions of geno-
typing two individual SNPs. As is well known, design
and concentration of primers are proved to be the key
step in this technique. Amplicons with no-overlapping
Tm were first obtained in each locus. The remained solu-
tion was to balance efficiency between two loci to discern
and call all genotypes. By adjusting the ratio of concen-
trations of the two pairs of primers (R1628P:G2385R =
8:3), we were able to successfully identify all genotypes
on two SNPs loci. In addition, unexpected sequence vari-
ants appeared in R1628P amplicons were clearly demon-
strated under the multiplexed HRM system. Thus, with
optimal primer design based on Tm’s difference and min-
imal adjustments of oligonucleotide concentrations, du-
plexed loci could not only be efficiently amplified and an-
alyzed by HRM, but also all genotypes and unexpected
sequences might be accurately determined, suggesting the
multiplexed HRM analysis lowers both the analysis time
of each sample and cost. Further work will focus on more
and more loci to make HRM analysis as a valuable tool
that should be present in any laboratory studying nucleic
acids.

Numerous SNPs associated with PD and distributed
among different races have been reported so far. In our
previous study, a significant difference between PD pa-
tients and controls was observed in G2385R locus of
LRRK2 gene. At the same time, allele frequency of
R1628P locus of LRRK2 gene was also investigated in
the northern Han Chinese population, which was simi-
lar to the results from Japanese and Korean populations
and was not shown as a genetic risk factor. To innovate
HRM analysis into efficiently genotyping PD suscepti-

bility genes, individual and multiplexed amplicons above
two loci were tried to analyze automatic HRM curves.
Both individual and multiplexed HRM curves could be
distinguishable among all genotypes and discernable to
unexpected sequences on the two PD susceptibility loci.
Considering HRM’s rapidity, easiness, cost, and reliabil-
ity, it may replace current PCR-RFLP method that is ap-
plied in our routine outpatient genotyping for genetic in-
formation collection. Note that the present HRM method
is suitable for large-scale study of the association between
the SNPs loci on other PD-associated genes and disease
susceptibility.

In conclusion, the present HRM assay is a reliable and
rapid method for detection of PD susceptibility SNPs, on
R1628P and G2385R loci in LRRK2 gene, and multiplex
HRM analysis results in high throughput and has the
potential to facilitate a wide range of genotyping studies
on PD susceptibility genes.
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