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A B S T R A C T

Genetic variations contribute to phenotypic individual vulnerabilities to sleep debt, particularly for five
single nucleotide polymorphisms (SNPs). Loop-mediated isothermal amplification and melting curve
analysis (LAMP-MC) is a recently developed method to characterize SNPs. The aim of present study was to
evaluate the LAMP-MC method on blood and buccal cells for detection of five SNPs of interest in healthy
humans.
We first analyzed signals obtained from LAMP-MC method on 42 samples. Then we compared the

results with those of referent TaqMan method.
The LAMP-MC method produced specific melting curves for the five SNPs. A high concordance of

genotyping results was observed between the two methods for rs5751876_ADORA2A, rs1800629_TNF-α,
rs73598374_ADA and rs228697_PER3 in blood and saliva (Cohen’s kappa coefficient >0.80). A good
agreement ( = 0.61) was observed for rs4680_COMT in blood only.
LAMP-MC is a simple and reliable method to study genetic influences on health, sleep debt-related

performance impairments and countermeasures.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Single nucleotide polymorphisms (SNPs) are the simplest form of
DNA sequence variability, contributing to phenotypic variations
between individuals. They are also a relevant class of human
biomarkers that may be associated to anthropometric traits, risk to
specific diseases or response to environmental inputs. Sleep has a
critical role in promoting health and is affected by genetic
polymorphisms [1]. Two examples of conditions associated to SNP
are individual sensitivity to sleep loss and to caffeine effects on sleep.
In this context, Adenosine A2A receptor (ADORA2A), Adenosine
deaminase (ADA), Catechol-O-methyltransferase (COMT), Tumor
necrosis factor alpha (TNF-α), and Period3 (PER3) are some of the
genes contributing to genotype differences [2,3]. The adenosine
pathway is known to affect general sleep and its antagonism by
caffeine is thought to explain its effects on sleep [4]. COMT being one
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of the major enzymes of the metabolic degradation of catechol-
amines plays an important role in cortical dopamine metabolism
and consequently impacts sleep-wake regulation [5]. The pro-
inflammatory TNF-α cytokine is a well-characterized sleep regula-
tory substance [6] and PER3 is circadian gene that regulates
rhythmicity of multiple functions within the body [7]. Therefore
based on previous studies we have focused on the five following
SNPs, rs5751876 ADORA2A [8], rs1800629 TNF-α [9], rs73598374
ADA [10], rs4680 COMT [11] and rs228697 PER3 [7] in healthy
humans participating in an experimental sleep deprivation protocol.

Methods for SNP genotyping are diverse and include array-
based hybridization, PCR, and sequencing. Array-based hybridiza-
tion uses probes immobilized on a solid support and, although
limited-throughput arrays can be built in research laboratories, the
design and manufacture of commercial arrays is an industrial
undertaking, thus this method of SNP genotyping ranks low in
assay flexibility. PCR and sequencing are classic methods but they
require expertise and expensive lab equipment. Our objective is to
validate a rapid genotyping method facilitating the detection of
SNPs. The conventional TaqMan method is highly reliable for SNP
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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genotyping applications [12,13] but time-consuming due to the
necessary four steps, which are DNA extraction, DNA quality
control, DNA amplification and fluorescence signal analysis. Loop
mediated isothermal amplification (LAMP) is a recent isothermal
nucleic acid amplification technique known for its simplicity,
sensitivity and speed [14,15]. Since its invention, this technique has
been one of the most extensively used molecular tools in the field
of diagnostics, providing rapid, accurate, sensitive and cost-
effective diagnosis of human pathogens including bacteria, para-
sites and viruses [16]. In the case of viruses, the implementation of
reverse transcription loop-mediated isothermal amplification
(RT-LAMP) has enabled a fast and efficient detection [17]. LAMP
features have also resulted in development of rapid SNP detection
methods from blood and buccal cells [18,19] and more recently in
development of the LAMP melting curve (LAMP-MC) genotyping
method [20,21]. The LAMP-MC system principally employs a set of
six primers that recognize eight distinct regions on the target gene,
so that the specificity and the amplification speed are extremely
high [22]. It uses a strand displacing polymerase and, consequent-
ly, does not rely on thermal cycling, the target sequence is
amplified at a constant temperature around 65 �C. Following the
amplification procedure SNP are detected by fluorophore-labelled
probe-based melting curve analysis. Furthermore, LAMP has been
applied to complex biological matrices, such as whole blood and
saliva, without prior DNA extraction [23]. Both characteristics of
LAMP results in shorter “sample to answer” times than conven-
tional PCR.

In this study we evaluated the precision of LAMP-MC method
within a run and between runs and we compared genotyping
results obtained by LAMP-MC with those obtained by the referent
TaqMan method.

2. Materials and methods

2.1. Samples

Blood and saliva samples were obtained from healthy
European adult volunteers participating in research protocols
on the link between genetic polymorphisms, sleep and caffeine
consumption [24]. Genotype determinations were carried out in
two separate biology centers, the French National Center for
Research in Human Genomics (CNRGH) for the referent Taqman
method and the French Biomedical Research Institute of Armed
Forces (IRBA) for the LAMP-MC method. The study received the
agreement of the Cochin – CPP Ile de France 1 (Paris) Ethics
Committee and was approved by the Agence Nationale pour la
Sécurité du Médicament (ANSM) (2017-A02793-50) for the
genetic collection. It was conducted according to the principles
expressed in the Declaration of Helsinki of 1975, as revised in
2001 after obtaining written informed consent for all the
participants.

Whole saliva samples were collected using Oragene DNA kits
OG-500 (DNAgenotek, Ottawa, Canada) from volunteers (n = 1023)
after rinsing the mouth with water and at least 30 min after eating
or drinking. DNA from saliva collected in Oragene containers
should be stable for at least 5 years at ambient temperature. These
saliva samples were dedicated to TaqMan assays in the laboratories
of CNRGH.

In addition among these volunteers, 42 blood and buccal cells
samples were collected for the blinded methods comparison. EDTA
blood were aliquoted in sterile microtubes and stored at �20 �C
until LAMP-MC analysis. Sterile omniswab devices (Whatman FTA
collection, GE Healthcare, UK) were used for buccal cells collection,
each brush-like swab head were ejected in a microtube contained
200 mL of Tris-EDTA buffer and stored at �20 �C until LAMP-MC
genotyping.
2.2. TaqMan SNP genotyping assays

After manual cell lysate preparation the genomic DNA
purification was performed on an Autopure LS instrument (Qiagen,
Hilden, Germany) at CNRGH. DNA quantity, integrity and ability to
PCR amplification were evaluated by Quality Controls. 1023 DNA
extracts were transferred on 384 wells plates. Participants were
genotyped using predesigned probes and TaqMan SNP genotyping
assays provided by Thermo Fisher Scientific (Whaltham, USA). PCR
was performed on GeneAmp PCR System 9700 and a 7900 H T
system with SDS software version 2.4 (Applied Biosystems, Foster
City, USA) was used for fluorescence detection and allelic
discrimination. A check by Sanger sequencing of PCR products
was carried out for rs5751876 because ADORA2A gene includes
many SNPs in this region.

2.3. LAMP-MC assays

LAMP-MC consists in a lysis of cells from whole blood or
collected on buccal swabs followed by the amplification of the
target sequence at a constant temperature around 65 �C using
simultaneously three sets of primers, a polymerase with high
strand displacement activity in addition to a replication activity
and a fluorophore-labelled probe. Detection of homozygous wild,
heterozygous and homozygous mutant genotypes is performed by
melting curve analysis after amplification.

LAMP-MC assays were realized by use of the customized
Human Sleep Deprivation Combo kit (Cat#LC-SDC-LP-24, LaCAR
MDX, Liège, Belgium). A positive control and a negative control
were supplied for each SNP. Samples, controls and reagents were
thawed at room temperature and the reactions were set up with
5 mL blood or control, or one swab, in 1 mL of lysis buffer. After
10 min of incubation at room temperature, 5 mL of the lysed
sample or control were added to 20 mL reaction buffer per well.
Each SNP was detected by a separate reaction buffer, containing all
reagents specific for the amplification and detection of one SNP.
The 8 wells strip, containing 6 unknown samples and 2 controls,
was briefly centrifuged and then placed in the analyzer (LC-Genie
IIITM v3.17). Following the 40 min amplification step at 65 �C, the
mix were cooled down to 35 �C to allow fluorophore-labelled
probe annealing. Then melting curves were generated in the
temperature range of 35�80 �C with ramp rate of 0.2 �C/s. The
increasing of temperature induces the separation of the fluoro-
phore from the quencher and the generation of a fluorescence
signal. According to the design of each SNP probe, the presence or
the absence of mutation decreases the dehybridization tempera-
ture of probe.

2.4. Analytical validation and statistics

For the validation of each SNP, 30 blood samples and 12 buccal
cells samples were blindly assayed performing 7 runs. The quality
and specificity of the signal were checked from the observed
melting profiles as well as the adequacy between the measured
melting peaks and the acceptance windows mentioned by the
manufacturer. Intra-assay precision was evaluated by the analysis
of one set of 6 replicates from one heterozygote blood sample for
each studied SNP. Inter-assay precision was calculated from
melting temperatures that were obtained after testing the same
heterozygote sample during 6 assays, by three different operators.
At last we have compared the genotyping results of the two
methods for the 42 assayed samples. To assess the concordance of
genotype data between technologies, we computed the Cohen’s
kappa coefficient, a commonly used index to quantify agreement
between two measurements [25]. The k statistic measures
agreement between two raters that is beyond chance, with chance



Fig. 1. LAMP melting curves of blood samples for the 5 tested SNPs. A) rs5751876 ADORA2A, B) rs1800629 TNF-alpha, C) rs73598374 ADA, D) rs4680 COMT and E) rs22897
PER3. Signals from homozygous subjects are represented by yellow and blue lines, signals from heterozygous subjects are represented by green lines. Red and pink lines
correspond respectively to positive and negative controls (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article).
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Table 1
Observed melting peak temperatures from 42 samples.

SNP Mean Observed range Observed range size LaCAR MDX range acceptance

rs5751876 ADORA2A
C allele (n = 39) 60.98 60.66 – 61.77 1.11 59.6 – 62.6
T allele (n = 26) 51.52 51.18 – 52.31 1.13 50.2 – 53.2
TNF-α rs1800629
G allele (n = 39) 58.65 58.05 – 59.47 1.42 57.1 – 60.1
A allele (n = 11) 52.24 51.52 – 53.46 1.94 50.8 – 53.8
rs73598374 ADA
C allele (n = 42) 59.66 58.37 – 60.49 2.12 58.1 – 61.1
T allele (n = 7) 47.67 47.41 – 48.02 0.61 45.8 – 48.8
rs4680 COMT
G allele (n = 16) 64.18 63.45 – 64.63 1.18 62.8 – 65.8
A allele (n = 18) 58.43 57.45 – 58.99 1.54 57.0 – 60.0
rs228697 PER3
C allele (n = 40) 44.80 43.65 – 46.06 2.41 43.1 – 46.1
G allele (n = 5) 60.97 60.67 – 61.29 0.62 59.0 – 62.0

All data are in �C.

Table 2
Analysis of assay precision (n = 6).

Intra-assay precision Inter-assay precision

Tm mean (�C) CV (%) Tm mean (�C) CV (%)

rs5751876 ADORA2A
C allele 60.95 0.34 61.00 0.49
T allele 51.50 0.38 51.61 0.46
rs1800629 TNF-α
G allele 58.55 0.39 58.67 0.71
A allele 51.98 0.45 52.12 0.87
rs73598374 ADA
C allele 59.84 0.45 59.63 0.67
T allele 47.56 0.88 47.57 1.07
rs4680 COMT
G allele 64.28 0.38 64.06 0.37
A allele 58.46 0.39 58.37 0.31
rs228697 PER3
C allele 45.58 0.44 44.60 1.24
G allele 61.36 0.38 60.79 0.33

Tm: melting peak temperature; CV: Coefficient of variation.

4 C. Drogou et al. / Biotechnology Reports 26 (2020) e00468
being a value of zero and with 1.00 being complete agreement, not
by chance. k Values were calculated and ranked as minimal
agreement (k<0.20), weak agreement (k<0.40), moderate agree-
ment (k<0.60), good agreement (k<0.80) and excellent agreement
(k�0.80) [26].

3. Results

3.1. LAMP-MC method

Genetic variations for the rs5751876 ADORA2A, rs1800629
TNF-α , rs73598374 ADA, rs4680 COMT and rs228697 PER3 are
T > C, A > G, T > C, A > G and G > C respectively. The customized kit
included the accepted range of melting temperature for each
allele of the 5 SNPs. In both runs negative controls have certified
that no contamination was present. The efficiency of the
procedure was assessed by systematically using positive controls
that consist in different plasmids containing wild type and
mutated gene fragments for each target polymorphism. Observed
fluorescence levels were satisfactory. Curves were generated by
derivative of fluorescence signal increases. Melting curves of the
different genotypes detected by LAMP-MC are shown in Fig. 1.
They well illustrate the quality of the signal for each of the 5
assayed SNPs; each profile includes a negative control, a positive
control and six unknown samples. Overall the analysis of the 42
samples (30 blood cells plus 12 buccal cells) by the LAMP-MC
method gave specific signals for the 5 SNPs. In detail, all melting
peaks were in the accepted range excepted for one sample for
rs1800629 TNF-α and rs4680 COMT and two samples for
rs228697 PER3. On the other hand no signal was obtained from
the 12 buccal cells samples for the rs4680 COMT. Supplementary
lysis tests, consisting to add a buccal swab to blood lysis, have
shown that presence of saliva systematically inhibits the
fluorescence signal.

Both means, minimum and maximum temperatures of
accepted melting peaks obtained from the 7 runs analysis, are
presented in Table 1. Intra- and inter-assay precisions are described
in Table 2. The assays have good performances (CV < 1.5 % in the
inter-assay precision analysis).

3.2. Comparison of genotypes frequencies with the referent TaqMan
method

The TaqMan-determined genotypes frequencies of the 42
humans volunteers from our 1023 European panel and those
obtained in 1000 Genomes Project are shown in Table 3. The
genotypes frequencies for our 1023 panel are similar to the 1000
Genomes Project data on the GRCh38 reference assembly [24]. All
alleles were represented in the 42 volunteers, all existing
genotypes for each SNP were therefore tested.

The comparison was only performed for the sample showing
melting peak temperature in the manufacturer accepted range
(see above for excluded samples). Moreover, as no signal was
obtained for rs4680 COMT on the 12 buccal cells samples, this
comparison was not possible. Thus number of interpreted melting
curves was comprised between 42 and 29 after running 30 blood
samples and 12 buccal cells samples for each SNP (Table 4). The
concordance analysis between the two genotyping methods is
summarized in Table 4. A majority of genotyping results was valid
except for a few heterozygous profiles. In these profiles, one of the
two allelic peaks was too weak and 1 false homozygous result was
displayed.

The results showed an excellent concordance with the referent
TaqMan method for 4 studied SNPs (i.e. rs5751876 ADORA2A,
rs1800629 TNF-α, rs73598374 ADA and rs228697 PER3 in blood
and buccal cells). Cohen’s Kappa coefficients higher than 0.80 in
blood and buccal cells attest to an excellent agreement between
the two genotyping methods (Table 4) [26]. Concerning the rs4680
COMT, Cohen’s Kappa coefficient 0.61 in blood signs a good
agreement.

In addition it should be noted that in the case of an invalid
melting peak temperature or invalid result, samples were tried
again and a half was detected successfully (Data not shown).



Table 3
Genotypes frequencies.

Gene Reference SNP Allele (Wild/Mutated) Frequency W/W Frequency W/M Frequency M/M

ADORA2A rs5751876 C/T 33.3 59.3 7.4
(35.9) (45.6) (18.5)
[37.4] [47.1] [15.5]

TNF-α rs1800629 G/A 75.5 18.9 5.6
(74.1) (24.6) (1.3)
[74.4] [24.5] [1.2]

ADA rs73598374 C/T 87.2 12.8 0
(89.2) (10.4) (0.4)
[88.1] [11.5] [0.4]

COMT rs4680 G/A 29.2 45.8 25
(30.4) (49) (20.6)
[26.4] [47.1] [26.4]

PER3 rs228697 C/G 89.8 10.2 0
(82.7) (16.4) (0.9)
[81.7] [17.3] [1]

Data in percent (%) of the n = 42 subjects, % of the 1023 European volunteers in parentheses and % of the 1000 Genomes project in brackets. W is the wild allele, M is the
mutated allele and W/M correspond to heterozygous subject.

Table 4
Concordance between genotyping results of LAMP-MC method with the referent method.

Gene /SNP Sample type Sample number Interpreted melting
curves

Valid result False resulta Concordance (%) Cohen’s k Coefficientb

ADORA2A / Blood 30 30 29 1 96.7 0.936
rs5751876 Bu Cells 12 12 12 0 100 1
TNF-α / Blood 30 29 28 1 96.6 0.910
rs1800629 Bu Cells 12 12 11 1 91.7 0.824
ADA / Blood 30 30 30 0 100 1
rs73598374 Bu Cells 12 12 12 0 100 1
COMT / Blood 30 29 25 4 86.2 0.610
rs4680 Bu Cells 12 0 – – – –

PER3 / Blood 30 28 27 1 96.4 0.870
rs228697 Bu Cells 12 12 12 0 100 1

Bu Cells means Buccal cells.
a Heterozygous not detected (one of the two peaks too weak).
b Cohen’s kappa values are ranked as minimal agreement (k<0.20), weak agreement (k<0.40), moderate agreement (k<0.60), good agreement (k<0.80) and excellent

agreement (k�0.80).
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4. Discussion

Initially described by Notomi et al. [14], the LAMP approach
allows to rapidly amplify a target DNA sequence in high specific
and sensitive manner despite the use of untreated biological fluids.
These properties have been used by LaCAR MDX to develop kits for
genetic polymorphisms detections. The present study shows that
the LAMP technique and subsequent melting curve analysis may be
chosen for simple and rapid detection of number of single
nucleotide variants. The observed temperature ranges were lower
than 2 �C for 8 alleles out of 10 which attests the LAMP-MC
robustness (Table 1).

A reliable genotype identification of 4 SNPs of interest was
achieved in more than 90 % of samples (i.e. rs5751876 ADORA2A,
rs1800629 TNF-α, rs73598374 ADA and rs228697 PER3 in blood
and buccal cells) and the success rate is 86 % for rs4680 COMT with
blood samples. Moreover for each invalid signal (melting peak
temperature out of range or one of the two peaks too weak) a
second assay of sample has allowed to obtain a correct result in
50 % of the cases. Thus the set of primers and labelled fluorophore
probe designed by LaCAR MDX has permitted to reliably detect the
five SNPs in blood even in the presence of several mutations in the
targeted DNA region especially for rs5751876 ADORA2A and
rs4680 COMT. A LAMP-MC assay has been previously developed for
a rapidly diagnosis of genetic predisposition to lactose intolerance
in human [21] and our results showed its promising interest in
future research protocols to rapidly identify sensitivity to extreme
environmental conditions such as sleep debt.
In addition we are the first to detect SNP in buccal cells of
healthy human using LAMP-MC method without prior DNA
extraction. Except for rs4680 COMT, this method is good or
excellent. Indeed, a previous work has been conducted by Carlos
et al. [19] on buccal cells but with a prior DNA extraction before
LAMP analysis.

In our study, both blood and buccal cells have given good
results, except for the rs4680 COMT. In the case of this SNP, the
lack of signal is closely related to the use of the salivary matrix.
Previous studies have shown that saliva-derived genomic DNA
contains significant bacterial contamination, which may reduce
the amplification and genotyping success rates compared to the
use of blood-derived genomic DNA [27–29]. Thus Hansen et al.
[27] and Rogers et al. [28] compared the amplification and
genotyping performances obtained after extraction of DNA from
blood and from different saliva collection devices. They particu-
larly reported more important bacterial DNA and protein
contaminations and lower genotyping call rates when buccal
swab rather than whole saliva Oragen devices are used. The loss of
efficiency between blood and different salivary samples is likely
related to the quantity of protein and bacterial DNA in saliva
samples. In our case of a specific lack of signal for rs4680 COMT
assay, we can put forward two explanations: (i) a common
bacterial nuclease cleaves human genomic DNA near the rs4680
target or (ii) some contaminating bacterial DNA may competi-
tively interfere with the binding of the labelled probe to the
rs4680 target and adjacent sequences. On this assumption,
purification of the salivary sample will therefore not necessarily
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bring a better result. Furthermore, Abildgaard et al. [20] have
observed more consistent melting curve profiles when whole
blood was used as raw material compared to the DNA extract. To
overcome problems encountered with salivary samples, future
assays will be conducted using non-absorbent materials. Small
scarpers cells will be tested in place of buccal swabs to maximize
rapid recovery of epithelial cells and minimize salivary proteins
binding. For the genotyping of saliva samples, we therefore
recommend that preliminary tests be performed for each newly
developed kit to verify the quality of the amplification signal. It
should be noted that all biological fluids can be tested [23] and
that in any case only 5 mL of blood is required.

Compared to conventional genotyping methods (array-based
hybridization, PCR or sequencing), LAMP-MC exhibits several
interesting advantages: (i) no prior DNA extraction is required, (ii)
the assays are simple and easy to perform once the appropriate
primers are prepared, (iii) the maximum amplification signal is
achieved within 40 min, (iv) the equipment required is neither
expensive nor cumbersome. These characteristics of LAMP-MC
results in shorter response times between sample and reliable
genotyping than conventional methods. This allows us to quickly
and individually advise each of our healthy subjects during sleep
and caffeine awareness training. Furthermore, due to the absence
of genomic DNA extraction, an ancestral DNA library is not built up,
and this guarantee facilitates the participation of volunteers in
health follow-ups.

In conclusion, the LAMP-MC method is fast and does not
request expensive equipment which makes it useful for low
throughput research studies. A major advantage of the genotyp-
ing LAMP-MC method is its ability to amplify DNA directly from
whole blood or buccal cells by the easy use of custom-designed
kits.

Our results show that this genotyping method is adapted to
help understanding individual vulnerability to sleep debt or
individual adaptability to countermeasures.
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