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Introduction
The human salivary (AMY1) gene, encoding salivary α-amylase, has variable copy number
variants (CNVs) in the human genome. We aimed to determine if real-time quantitative polymerase chain reaction (qPCR) and the more recently available Droplet Digital PCR
(ddPCR) can provide a precise quantification of the AMY1 gene copy number in blood, buccal cells and saliva samples derived from the same individual.

Accepted: January 10, 2017
Published: January 26, 2017
Copyright: © 2017 Ooi et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.
Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.
Funding: Funding source of the project: SICS core
funding of Yung Seng Lee (C8019). The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.
Competing Interests: The authors have declared
that no competing interests exist.

Methods
Seven participants were recruited and DNA was extracted from the blood, buccal cells and
saliva samples provided by each participant. Taqman assay real-time qPCR and ddPCR
were conducted to quantify AMY1 gene copy numbers. Statistical analysis was carried out
to determine the difference in AMY1 gene copy number between the different biological
specimens and different assay methods.

Results
We found significant within-individual difference (p<0.01) in AMY1 gene copy number
between different biological samples as determined by qPCR. However, there was no significant within-individual difference in AMY1 gene copy number between different biological
samples as determined by ddPCR. We also found that AMY1 gene copy number of blood
samples were comparable between qPCR and ddPCR, while there is a significant difference
(p<0.01) between AMY1 gene copy numbers measured by qPCR and ddPCR for both buccal swab and saliva samples.
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Abbreviations: AMY1, Human salivary amylase;
qPCR, Quantitative polymerase chain reaction;
ddPCR, Droplet digital polymerase chain reaction;
CNV, Copy number variant; OD, Optical density;
SD, Standard deviation.

Conclusions
Despite buccal cells and saliva samples being possible sources of DNA, it is pertinent that
ddPCR or a single biological sample, preferably blood sample, be used for determining
highly polymorphic gene copy numbers like AMY1, due to the large within-individual variability between different biological samples if real time qPCR is employed.

Introduction
There has been recent interest in copy number variants (CNVs) of the human salivary amylase
(AMY1) gene and its association with obesity via carbohydrate metabolism [1]. AMY1 gene,
encoding salivary α-amylase is located in a gene cluster on 1p21. Evolutionary analysis
revealed that AMY1 gene was derived from duplication of an ancestral pancreatic amylase
gene, with the insertion of a retrovirus sequence that is responsible for tissue-specific expression [2]. The AMY1 gene has a very high sequence identity showing extensive CNV ranging
from 2 diploid copies (1 paternal and 1 maternal) to as many as 16 copies [3]. The CNV of
AMY1 is strongly correlated with the amount of α-amylase in saliva [3–5]. Low levels of AMY1
CNVs were associated with decreased levels of α-amylase in the saliva and an increased risk of
obesity [1], while higher AMY1 copy number was associated with a protective effect against
obesity in Mexican children [6]. In addition, females with early-onset obesity were shown to
have lower AMY1 copy number and the AMY1 copy number was found to have a significant
inverse correlation with body fat percentage and BMI [7]. However, a study by Usher CL et al
that examined amylase gene copy number in a cohort of ~3500 obese and lean individuals
found no significant association between AMY1 copy number and BMI [8]. It can be postulated that the lack of association may be attributed to the different methodologies employed in
assessing AMY1 gene copy number in the samples, as Usher CL et al used ddPCR and computational analysis of whole genome sequencing data [8] which were postulated to have higher
precision over qPCR technique used in previous reports which showed correlation between
AMY1 copy number and obesity [1].
Until recently, blood samples are the preferred choice of genetic material because they yield
sufficient amount of genomic DNA for genetic studies [9]. The quality of genomic DNA from
blood is high without contamination of foreign DNA [10]. However, the collection of blood
samples may not always be possible. Study subjects may be reluctant to provide blood samples,
thereby reducing participating rates. Therefore, less invasive procedures for collecting DNA
samples are prevalent.
Several studies have found that exfoliated buccal epithelial cells are promising alternative
sources of DNA [11–14]. Another alternative source of DNA is whole saliva which is reported
to yield DNA with better quality than from buccal swabs [15]. DNA extracted from saliva was
reported to have a DNA methylation pattern more similar to that of brain tissues as compared
to DNA extracted from blood [16]. Recently, a study also showed that saliva collected using
the Oragene kit yielded high quantity and high quality DNA for genetic studies [17]. However,
there are still concerns over using DNA extracted from saliva samples or buccal cyto-brushes
for genotyping [18, 19] due to possible bacterial contamination which may affect yield and
quality of DNA [20]. Furthermore, there is lack of data on whether different biological samples
can be used interchangeably for the genotyping of a specific gene of interest, especially for
complex genes like the AMY1 gene.
The performance of different analytic methods using DNA from buccal cells, saliva and
blood for the determination of AMY1 gene copy number is currently unknown. To our
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knowledge, no study to date has evaluated whether there are within-individual differences in
AMY1 gene copy number between DNA derived from blood, buccal cells or saliva. It is logical
to assume concordance in gene copy numbers as they are derived from the same person. However, DNA collected using different methods were shown to differ in quality and quantity [18].
Furthermore, differences in copy number variants are observed in different tissues of the same
individual [21]. Our original research aim was to determine if AMY1 CNV quantified by TaqMan quantitative polymerase chain reaction (qPCR) is comparable between DNA samples
derived from blood, buccal and salivary samples. However, we found unexplained variability
and hypothesized that these apparent within-individual differences in AMY1 gene copy number in DNA samples derived from blood, cheek cells and saliva may either be attributed to differences in DNA quality or limitation of the quantitation method. Hence, in this study, we
compared the AMY1 gene copy number in DNA derived from blood, cheek cells and saliva of
the same individual using qPCR and an alternative quantitation method, droplet digital PCR
(ddPCR).

Methods
Participants
Seven male participants were recruited for this study. These participants were part of a
research study investigating ethnic differences in glycemic and insulin responses [22, 23]. All
participants underwent a screening visit to assess eligibility, which comprised of a health
assessment, anthropometric measurements and a health questionnaire (relating to medical history, smoking habits, history of any illness and use of any medications). Those who fulfilled all
acceptable criteria (BMI 18.5 to <25kg/m2; age 18–45 years; blood pressure 110–120 / 70–90
mmHg; fasting blood glucose 4–6 mmol/L; not on prescription medication; non-smoking; no
genetic or metabolic diseases) were included in the study. This study was approved by the
National Healthcare Group Domain Specific Review Board, Singapore. The study was registered at clinicaltrials.gov as NCT01804738 and all participants provided written informed consent prior to their participation in the study.

Blood collection
After an overnight fast, 300μL of capillary blood (obtained from finger pricks) was collected
into Microvette1 capillary blood collection tubes treated with di Potassium EDTA (CB 300
K2E, Sarstedt, Germany) and kept on ice immediately. The blood samples were transferred
and stored at −80˚C until DNA extraction [23].

Buccal cells
For the collection of buccal cells, participants were asked to thoroughly rinse out their mouth
twice with water. Buccal cells were collected using sterile foam-tip buccal cell collection swabs
(Catch-AllTM Sample Collection Swab, Epicentre, Madison, WI, USA) by rolling the collection
swab firmly on the inside of the cheek for approximately 20 times on each side, making certain
to move the swab over the entire cheek. The swab samples were air dried for 30 minutes at
room temperature and then stored in original packaging at -80˚C until DNA extraction.

Saliva
In preparation for saliva collection, participants were instructed to empty their mouths by
swallowing all saliva and to rinse their mouth thoroughly with water in order to reduce bacteria, fungi and potential food remnants [9]. Whole saliva was collected using Oragene1 DNA
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self-collection kit (DNA Genotek, Ottawa, ON, Canada). Participants were asked to deposit
approximately 2 ml saliva through the funnel into the collection tube until the amount of liquid saliva (excluding bubbles) reaches the fill line. When an adequate sample was collected, the
funnel lid was then closed firmly. The collection tube was designed so that stabilizing liquid
that is attached to the lid mixes with the saliva when the funnel cap is securely fastened. This
starts the initial phase of DNA isolation and stabilizes the saliva sample for long-term storage
[24]. Saliva samples were stored at 4˚C until DNA extraction.

DNA extraction
DNA was extracted from whole blood using QIAamp1 DNA Mini Kit (Qiagen, Netherlands)
as described by the manufacturer. For buccal cells, DNA was also extracted using QIAamp1
DNA Mini Kit (Qiagen, Netherlands), modified for the extraction of DNA from buccal swabs.
DNA was extracted from the saliva samples using the Oragene kit (DNA Genotek, Ottawa,
ON, Canada) as described by the manufacturer. All extracted DNA samples were quantified
and stored at -20˚C until analysis.

Quantification of DNA
The concentration of DNA sample was measured using the absorbance method (NanoDrop
1000 v3.7.1, Thermo Scientific). Absorbance of ultraviolet light at wavelengths of 260 nm and
280 nm were used to calculate the optical density (OD) 260/280 ratio. These values are used to
compare the ratio of nucleic acid concentration in the sample (OD 260 nm) to that of protein
and organic contaminants (OD 280 nm). A ratio of 1.8 was considered ideal for the OD 260/
280 ratio, indicating minimal protein and organic contamination. The average DNA concentration was taken from 2 readings. All DNA samples were diluted with nuclease free water and
the concentration was verified by Nanodrop.

Quantitative polymerase chain reaction (qPCR) for the AMY1 gene
The qPCR method used to determine diploid AMY1 gene copy numbers was adapted from
previously published work [4]. The primers and probes of the TaqMan qPCR assay employed
in our analyses specifically target a region within exon 1 of the human AMY1 gene, which is
absent in the AMYP1 pseudogene, therefore ensuring specificity of the qPCR assay for AMY1.
Briefly, each reaction consisted of 10ul of TaqMan Genotyping Master Mix (Applied Biosystems, Foster City, CA), 1ul of TaqMan Copy Number Assay specific for human AMY1
(Hs07226362-FAM), 1ul of RNAse P reference assay (44003328-VIC), 4ul of DNA (5ng/ul)
and 4 ul of nuclease free water. The samples were run in quadruplicates on ABI Prism 7500
Real-Time PCR System (Applied Biosystems). Each individual’s blood, buccal cells and saliva
DNA were present in the same plate. The study samples were analyzed using Copy Caller Software v2.0 (Applied Biosystems). AMY1 diploid copy number was estimated using a standard
curve constructed from a reference DNA sample NA18972 (Coriell Cell Repositories, Camden,
NJ) previously determined to have 14 diploid copies of AMY1 by qPCR and Fiber FISH [3,
25].

Droplet digital PCR (ddPCR) for AMY1 gene copy number analysis
Copy number of the AMY1 gene was determined using the QX200 Droplet Digital PCR
(ddPCR) System (Bio-Rad Laboratories, Hercules, CA) according to the manufacturer’s
instructions. Briefly, each reaction consisted of 11μl ddPCR Supermix for probes (no UTP),
1μl of human AMY1 assay (dHsaCP1000594: 900nM primers and 250nM FAM probe), 1μl of
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AP3B1 assay (dHsaCP1000001: 900nM primers and 250nM HEX probe), 1μl HaeIII restriction enzyme (3U/μl), 6μl of nuclease free water, and 2μl of DNA (10ng/μl). 20μl of each reaction was transferred to a droplet generation cartridge and 70μl of Droplet Generation Oil was
added. Droplets generated with QX200 Droplet Generator (~40ul) were loaded into a clean
96-well PCR plate and the plate was sealed with foil seal using PX1 plate sealer. PCR amplification was performed in a C1000 Touch Deep Well PCR System with the following conditions:
10 minutes at 95˚C, 40 cycles of 94˚C for 30 seconds and 60˚C for 60 seconds with ramp rate
of ~2˚C/second followed by 98˚C for 10minutes with ramp rate of ~1˚C/second. Droplets were
read in a QX200 Droplet Reader and analysis was performed using QuantaSoft v1.6.6.0320
(Bio-Rad Laboratories). A negative control (water) and a sample known to have 14 diploid copies of AMY1 gene (NA18972, Coriell Cell Repositories, Canden, NJ) were included in the run.
Study samples were analyzed in triplicates.

Statistical analysis
Data was presented as mean ± standard deviation (SD). We performed ANOVA to compare
the difference in AMY1 gene copy number between blood, buccal swab and saliva samples
from each subject. Post-hoc bonferroni adjustment was applied for ANOVA analysis. Paired
Student’s t-test was used to determine the difference in AMY1 gene copy number between
qPCR and ddPCR in blood, buccal swab and saliva respectively. A p-value of <0.05 was considered statistically significant. Statistical analyses were conducted using SPSS version 23.0
(SPSS Inc., Chicago, IL, USA).

Results
Quantification of DNA extracted from blood, buccal swab and saliva
The quantity and purity of DNA measured by absorbance method (NanoDrop) are shown in
Table 1. The estimated amount of DNA extracted from 200 μl blood samples varied between
45.7 to 150.3ng/μl with a mean of 72.7 ng/μl, from 1 buccal swab between 20.1 to 83.6 ng/μl
with a mean of 48.3 ng/μl, and from 500 μl Oragene saliva samples between 50.0 to 453.5 ng/μl
with a mean of 227.2 ng/μl. The quality of DNA obtained was assessed by the ratio of absorbance at 260 nm and 280 nm. The mean values of the optical density 260/280 ratios were 1.90,
1.92 and 1.89 for genomic DNA purified from blood, buccal swab and saliva respectively.

Determination of AMY1 gene copy number by qPCR
ANOVA analysis was used to compare the difference in AMY1 gene copy number between
DNA samples extracted from blood, buccal swab and saliva of each subject. By the qPCR
method, the average AMY1 gene copy number in the 7 subjects were 7 (range: 6–8) in blood
samples, 10 (range: 5–15) in buccal swab samples and 5 (range: 3–7) in saliva samples. In each of
the 7 subjects whose DNA samples were analyzed using qPCR, there was at least one significant
Table 1. Comparison of DNA yield and quality according to DNA collection method.
Method of DNA collection

Blood

Buccal cells (swabs)

Saliva

200 μl

Range

1 swab

Range

500 μl

Range

DNA concentration (ng/ μl)

72.7 ± 35.5

45.7–150.3

48.3 ± 20.1

20.1–83.6

227.2 ± 159.0

50.0–453.5

Optical density 260/280 nm ratio

1.90 ± 0.05

1.83–1.96

1.92 ± 0.06

1.84–2.00

1.89 ± 0.05

1.80–1.94

Amount of sample used

Data are presented as mean ± SD
doi:10.1371/journal.pone.0170767.t001

PLOS ONE | DOI:10.1371/journal.pone.0170767 January 26, 2017

5 / 13

Quantification of AMY1 Gene Copy Number Using Quantitative and Droplet Digital PCR Methods

difference between the different biological samples (either blood vs. buccal swab, blood vs. saliva
or buccal swab vs. saliva) with p-value<0.01 after bonferroni adjustment (Fig 1).

Determination of AMY1 gene copy number by ddPCR
The AMY1 gene copy number as determined by ddPCR is comparable between the different
biological specimens in each subject. The average AMY1 gene copy number in the 7 subjects
were 8 (range: 6–10) in blood samples, 8 (6–10) in buccal swab samples and 8 (range: 6–10) in
saliva samples. Although subject 5 and 7 demonstrated one copy less in their buccal swab samples compared to their blood and salivary samples, there was no significant difference
(p>0.05) in AMY1 gene copy number between the different biological samples obtained from
the same subject when analyzed by ddPCR (Fig 2).

Comparison of AMY1 gene copy number between qPCR and ddPCR
We compared AMY1 gene copy number between qPCR and ddPCR in each type of biological
sample using paired Student t-test analysis. The average AMY1 gene copy number in the blood
samples were 7 (range: 6–8) as determined by qPCR and 8 (range: 6–10) as determined by
ddPCR. Although AMY1 gene copy number in the blood DNA as determined by ddPCR is
generally 1–2 copies higher as compared to qPCR, there was no statistically significant difference in AMY1 gene copy number for blood DNA samples analyzed by qPCR and ddPCR in
each of the 7 subjects using paired Student’s t test as shown in Fig 3A.
The average AMY1 gene copy number in the buccal swab samples were 10 (range: 5–15) as
determined by qPCR and 8 (range: 6–10) as determined by ddPCR.  denotes there was a significant difference (p<0.01) in the AMY1 gene copy number for buccal swab samples determined by qPCR and ddPCR in 4 out of 7 subjects (Fig 3B).

Fig 1. Determination of AMY1 gene copy number by qPCR. 1–7 represents each of the 7 subjects recruited for this study, 8
represents the positive control known to have 14 diploid copies of AMY1 gene. The bars represent the different DNA samples extracted
from blood, buccal swab and saliva of each individual. * denotes significant difference of p<0.01 (after bonferroni adjustment) between
the different biological samples in each subject using ANOVA analysis.
doi:10.1371/journal.pone.0170767.g001
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Fig 2. Determination of AMY1 gene copy number by ddPCR. 1–7 represents each of the 7 subjects recruited for this
study, 8 represents the positive control known to have 14 diploid copies of AMY1 gene. The bars represent the different DNA
samples extracted from blood, buccal swab and saliva of each individual.
doi:10.1371/journal.pone.0170767.g002

The average AMY1 gene copy number in the buccal swab samples were 5 (range: 3–7) as
determined by qPCR and 8 (range: 6–10) as determined by ddPCR. There was a significant difference (p<0.01) in the AMY1 gene copy number for buccal swab samples determined by
qPCR and ddPCR in 6 out of 7 subjects as denoted by  (Fig 3C).

Discussion and Conclusions
Genetic studies often require the recruitment of large number of participants and ascertainment of DNA samples. Hence, collection methods that do not unduly burden study participants are integral to improving participating rates for genetic epidemiologic studies. In
addition to the common method of extracting DNA from blood samples obtained through
venipuncture, other non-invasive sampling methods like extracting DNA from saliva and buccal cells have been introduced and used in other studies [13, 16, 26]. In this study, we were able
to obtain high quality DNA of adequate yield for genotyping from the three different biological
samples namely blood, buccal cells and saliva. We found the mean DNA yield from saliva to be
the highest, followed by blood then buccal cells (Table 1). This may be attributed to the use of
500ul of saliva as compared to only 200ul of blood and a single buccal swab for DNA extraction. Nonetheless, our results showed that blood, buccal cell and saliva samples yielded good
quality DNA for downstream qPCR applications as their OD260/280 values were close to the
ideal value of 1.8, indicating minimal protein and organic contamination [26].
Our results showed significant within-individual variability in AMY1 gene copy number
between different biological samples as determined by real-time qPCR (Fig 1). This has implications on studies using real-time qPCR and different biological samples for genotyping copy
number of highly polymorphic genes such as AMY1 which is reported to have CNV ranging
from 2 to 16 copies [1]. In contrast, there was no significant within-individual variability in
AMY1 gene copy number between the different biological samples as determined by ddPCR
(Fig 2). This suggested that ddPCR which was previously shown to be a more sensitive method
in the absolute quantification of gene copy number with a lower level of uncertainty (<5%)
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Fig 3. Comparison of AMY1 gene copy number determined by qPCR and ddPCR in different
biological samples. 1–7 represents each of the 7 subjects recruited for this study, 8 represents the positive
control known to have 14 diploid copy number of AMY1 gene. The bars represent the 2 different methods
used to determine AMY1 gene copy number in the samples (qPCR and ddPCR). A: Comparison of AMY1
gene copy number in blood. B: Comparison of AMY1 gene copy number in buccal swab. C: Comparison of
AMY1 gene copy number in saliva. * denotes significant difference of p<0.01 between qPCR and ddPCR for
each type of biological sample after paired Student’s t test analysis.
doi:10.1371/journal.pone.0170767.g003
PLOS ONE | DOI:10.1371/journal.pone.0170767 January 26, 2017
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[27, 28], may be a better method for analyzing highly polymorphic genes such as AMY1 in different biological samples obtained from the same individual.
In addition, we compared the AMY1 gene copy number in each biological sample (blood,
buccal swab and saliva) between qPCR and ddPCR. Although the AMY1 gene copy number in
blood samples showed a consistent 1–2 copies over-read between qPCR and ddPCR, AMY1
gene copy number in blood showed no statistically significant difference between qPCR and
ddPCR (Fig 3A). However, there was a significant difference in AMY1 gene copy number in
both buccal swab (Fig 3B) and saliva samples (Fig 3C) between qPCR and ddPCR. The inconsistent data between the two quantification methods demonstrated that DNA from buccal cells
and saliva may not be good alternatives to blood when genotyping for genes with highly variable CNVs. Previous studies showed that buccal swabs and saliva contained only 11% [13] and
68% [29] human DNA due to bacterial contamination [20]. Hence, the decreased concentration of human DNA in buccal swab and saliva samples are likely to have affected the amplification efficiency in qPCR [30]. The event counts which may be an indirect measure of DNA
quantity in ddPCR also differed between the different sample types but did not significantly
affect the consistency of AMY1 gene copy number detection (S1 Table).
We recognized several limitations for this study. The concentration and quality of extracted
DNA was measured using NanoDrop spectrophotometry which is a less sensitive quantification method as it is not able to detect DNA fragmentation [31]. However, we ran a 1% gel electrophoresis to check for DNA degradation in samples extracted from blood, saliva and buccal
swab of all 7 subjects as shown in S1 Fig. A distinct band with minimal DNA degradation was
observed in all blood and saliva samples. DNA from buccal swab samples showed a greater
degree of degradation and only a faint band was observed due to low DNA concentration.
Although the presence of bacterial contamination will reduce the actual concentration of
human DNA used in qPCR and may contribute to the difference in AMY1 copy number
between the different biological samples, we did not measure the amount of bacterial DNA
due to limited amount of samples [20]. The event counts in ddPCR and gel electrophoresis
indicated that there is a difference in DNA quality and quantity between the sample types.
This difference did not significantly affect the ddPCR detection of AMY1 gene copy number
between the sample types but it may have affected amplification efficiency in qPCR, hence
causing the significant difference in AMY1 gene copy number detected by qPCR. Therefore,
we have showed that ddPCR is a more sensitive method that is independent of bacterial contamination and is able to detect consistent AMY1 copy number across different biological
samples. In addition, we analyzed AMY1 gene copy number in diluted DNA samples (20ng,
40ng, 80ng) extracted from blood and saliva of one subject using qPCR. The blood DNA
showed a fairly consistent AMY1 gene copy number across the diluted samples but we were
only able to determine AMY1 gene copy number from the saliva DNA at a higher concentration of 80ng and the detected gene copy number was comparable to that as determined in
80ng of blood DNA (S2 Fig). On contrary, diluted DNA (10ng, 20ng) from saliva, buccal swab
and blood samples of the same subject showed no significant difference in AMY1 gene copy
number when analyzed using ddPCR (S3 Fig). These results demonstrated that qPCR analysis
of AMY1 gene copy number is affected by concentration of target DNA. However, a larger
sample size and inclusion of more serial dilution of samples will be required to validate these
preliminary data. Another limitation of our study is the small sample size (n = 7) which did
not permit us to examine ethnic and age differences that were suggested to affect the yield of
DNA collection methods [13, 32]. Though we were able to detect a significant difference in
AMY1 gene copy number between the different biological specimens and different quantification methods within our small sample size, a larger sample will enable us to validate our
findings.
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In conclusion, our findings suggested that the determination of AMY1 gene copy number
is dependent on the type of biological sample and the sensitivity of the type of assay used for
copy number analysis. Despite buccal cells and saliva samples being good alternatives to blood
samples to obtain high quality genomic DNA, it is pertinent that a single biological sample be
used for determining AMY1 gene copy numbers due to the large within-individual variability
between different biological samples especially when using qPCR. Our data showed that DNA
extracted from blood is the preferred biological sample for copy number analysis and ddPCR
appeared to be more precise than qPCR method in determining AMY1 copy number with less
variability across different biological samples from the same individual. This should also be
applicable in the determination of other genes with highly variable copy numbers.

Supporting Information
S1 Fig. Agarose gel (1%) electrophoresis of subjects’ DNA samples. The degree of DNA degradation in the samples was analyzed by gel electrophoresis. Approximately 500ng of each
DNA sample extracted from blood, buccal swab and saliva of all 7 subjects were ran at 70V on
a 1% agarose gel.  denotes DNA extracted from blood, # denotes DNA extracted from buccal
swab, + denotes DNA extracted from saliva and B denotes a missing buccal swab DNA sample
from one of the subjects.
(EPS)
S2 Fig. Comparison of AMY1 gene copy number in blood and saliva samples using qPCR.
We carried out serial dilution on DNA extracted from blood and saliva samples of one subject.
Taqman qPCR as described in the methods section of the manuscript was performed to analyze the AMY1 gene copy number in 20ng, 40ng and 80ng of each type of DNA sample.
(EPS)
S3 Fig. Comparison of AMY1 gene copy number in blood, buccal swab and saliva samples
using ddPCR. We carried out serial dilution on DNA extracted from blood, buccal swab and
saliva samples of one subject. Droplet digital PCR (ddPCR) as described in the methods section of the manuscript was performed to analyze the AMY1 gene copy number in 10ng and
20ng of each type of DNA sample.
(EPS)
S1 Table. Event counts for different biological samples used in ddPCR. The table shows the
average accepted droplets (average event counts) in the blood DNA, saliva DNA and buccal
DNA of the 7 subjects as analyzed by ddPCR (described in methods section of the manuscript).
The average accepted droplets consist of average positive and negative AMY1 droplets where
positive droplets are droplets above threshold level and negative droplets are droplets below
threshold level. AP3B1 is consistently present at 2 copies in the genome so it was chosen as a
reference assay for normalization. Although the average accepted droplets differed between
blood DNA, saliva DNA and buccal DNA, the average ratio of AMY1 to AP3B1 copies per
20ul well was fairly consistent in all 3 types of samples.
(EPS)

Acknowledgments
We would like to thank A/Prof Liu Jianjun and Dr Rajkumar Dorajoo at Genome Institute of
Singapore, GIS A Star for their kind donation of the ddPCR reagents and for allowing us to
use their lab facilities and ddPCR machine. This study was approved by the National Healthcare Group Domain Specific Review Board, Singapore (reference number: 2012/01149). The

PLOS ONE | DOI:10.1371/journal.pone.0170767 January 26, 2017

10 / 13

Quantification of AMY1 Gene Copy Number Using Quantitative and Droplet Digital PCR Methods

study was registered at clinicaltrials.gov as NCT01804738 and all participants provided written
informed consent prior to their participation in the study.

Author Contributions
Conceptualization: YSL VMHT DSQO.
Data curation: VMHT DSQO.
Formal analysis: YSL DSQO YHC.
Funding acquisition: YSL.
Investigation: DSQO VMHT.
Methodology: YSL VMHT DSQO.
Project administration: YSL VMHT DSQO.
Resources: YSL.
Supervision: YSL DSQO.
Validation: DSQO SGO.
Visualization: DSQO VMHT YSL SGO.
Writing – original draft: YSL VMHT DSQO.
Writing – review & editing: YSL DSQO SGO CKH.

References
1.

Falchi M, El-Sayed Moustafa JS, Takousis P, Pesce F, Bonnefond A, Andersson-Assarsson JC, et al.
Low copy number of the salivary amylase gene predisposes to obesity. Nature genetics. 2014; 46
(5):492–7. doi: 10.1038/ng.2939 PMID: 24686848

2.

Meisler MH, Ting CN. The remarkable evolutionary history of the human amylase genes. Crit Rev Oral
Biol Med. 1993; 4(3–4):503–9. Epub 1993/01/01. PMID: 7690604

3.

Perry GH, Dominy NJ, Claw KG, Lee AS, Fiegler H, Redon R, et al. Diet and the evolution of human
amylase gene copy number variation. Nat Genet. 2007; 39(10):1256–60. Epub 2007/09/11. PubMed
Central PMCID: PMC2377015. doi: 10.1038/ng2123 PMID: 17828263

4.

Mandel AL, Peyrot des Gachons C, Plank KL, Alarcon S, Breslin PA. Individual differences in AMY1
gene copy number, salivary alpha-amylase levels, and the perception of oral starch. PLoS One. 2010; 5
(10):e13352. Epub 2010/10/23. PubMed Central PMCID: PMC2954178. doi: 10.1371/journal.pone.
0013352 PMID: 20967220

5.

Mandel AL, Breslin PA. High Endogenous Salivary Amylase Activity Is Associated with Improved Glycemic Homeostasis following Starch Ingestion in Adults. J Nutr. 2012. Epub 2012/04/12.

6.

Mejia-Benitez MA, Bonnefond A, Yengo L, Huyvaert M, Dechaume A, Peralta-Romero J, et al. Beneficial effect of a high number of copies of salivary amylase AMY1 gene on obesity risk in Mexican children. Diabetologia. 2015; 58(2):290–4. doi: 10.1007/s00125-014-3441-3 PMID: 25394825

7.

Viljakainen H, Andersson-Assarsson JC, Armenio M, Pekkinen M, Pettersson M, Valta H, et al. Low
Copy Number of the AMY1 Locus Is Associated with Early-Onset Female Obesity in Finland. PloS one.
2015; 10(7):e0131883. PubMed Central PMCID: PMCPMC4489572. doi: 10.1371/journal.pone.
0131883 PMID: 26132294

8.

Usher CL, Handsaker RE, Esko T, Tuke MA, Weedon MN, Hastie AR, et al. Structural forms of the
human amylase locus and their relationships to SNPs, haplotypes and obesity. Nature genetics. 2015;
47(8):921–5. PubMed Central PMCID: PMCPMC4712930. doi: 10.1038/ng.3340 PMID: 26098870

9.

Sun F, Reichenberger EJ. Saliva as a source of genomic DNA for genetic studies: review of current
methods and applications. Oral Health Dent Manag. 2014; 13(2):217–22. PMID: 24984625

PLOS ONE | DOI:10.1371/journal.pone.0170767 January 26, 2017

11 / 13

Quantification of AMY1 Gene Copy Number Using Quantitative and Droplet Digital PCR Methods

10.

Philibert RA, Zadorozhnyaya O, Beach SR, Brody GH. Comparison of the genotyping results using
DNA obtained from blood and saliva. Psychiatr Genet. 2008; 18(6):275–81. Epub 2008/11/20. PubMed
Central PMCID: PMC2648613. doi: 10.1097/YPG.0b013e3283060f81 PMID: 19018232

11.

Cozier YC, Palmer JR, Rosenberg L. Comparison of methods for collection of DNA samples by mail in
the Black Women’s Health Study. Ann Epidemiol. 2004; 14(2):117–22. Epub 2004/03/17. doi: 10.1016/
S1047-2797(03)00132-7 PMID: 15018884

12.

Mulot C, Stucker I, Clavel J, Beaune P, Loriot MA. Collection of human genomic DNA from buccal cells
for genetics studies: comparison between cytobrush, mouthwash, and treated card. J Biomed Biotechnol. 2005; 2005(3):291–6. Epub 2005/09/30. PubMed Central PMCID: PMC1224694. doi: 10.1155/
JBB.2005.291 PMID: 16192688

13.

Garcia-Closas M, Egan KM, Abruzzo J, Newcomb PA, Titus-Ernstoff L, Franklin T, et al. Collection of
genomic DNA from adults in epidemiological studies by buccal cytobrush and mouthwash. Cancer Epidemiol Biomarkers Prev. 2001; 10(6):687–96. PMID: 11401920

14.

King IB, Satia-Abouta J, Thornquist MD, Bigler J, Patterson RE, Kristal AR, et al. Buccal cell DNA yield,
quality, and collection costs: comparison of methods for large-scale studies. Cancer Epidemiol Biomarkers Prev. 2002; 11(10 Pt 1):1130–3. Epub 2002/10/12.

15.

Rogers NL, Cole SA, Lan HC, Crossa A, Demerath EW. New saliva DNA collection method compared
to buccal cell collection techniques for epidemiological studies. Am J Hum Biol. 2007; 19(3):319–26.
Epub 2007/04/11. PubMed Central PMCID: PMC2797479. doi: 10.1002/ajhb.20586 PMID: 17421001

16.

Smith AK, Kilaru V, Klengel T, Mercer KB, Bradley B, Conneely KN, et al. DNA extracted from saliva for
methylation studies of psychiatric traits: evidence tissue specificity and relatedness to brain. American
journal of medical genetics Part B, Neuropsychiatric genetics: the official publication of the International
Society of Psychiatric Genetics. 2015; 168B(1):36–44. PubMed Central PMCID: PMCPMC4610814.

17.

Nunes AP, Oliveira IO, Santos BR, Millech C, Silva LP, Gonzalez DA, et al. Quality of DNA extracted
from saliva samples collected with the Oragene DNA self-collection kit. BMC Med Res Methodol. 2012;
12:65. Epub 2012/05/09. PubMed Central PMCID: PMC3422993. doi: 10.1186/1471-2288-12-65
PMID: 22559914

18.

Hansen TV, Simonsen MK, Nielsen FC, Hundrup YA. Collection of blood, saliva, and buccal cell samples in a pilot study on the Danish nurse cohort: comparison of the response rate and quality of genomic
DNA. Cancer Epidemiol Biomarkers Prev. 2007; 16(10):2072–6. doi: 10.1158/1055-9965.EPI-07-0611
PMID: 17932355

19.

Livy A, Lye S, Jagdish CK, Hanis N, Sharmila V, Ler LW, et al. Evaluation of quality of DNA extracted
from buccal swabs for microarray based genotyping. Indian J Clin Biochem. 2012; 27(1):28–33.
PubMed Central PMCID: PMCPMC3286590. doi: 10.1007/s12291-011-0154-y PMID: 23277709

20.

Marenne G, Rodriguez-Santiago B, Closas MG, Perez-Jurado L, Rothman N, Rico D, et al. Assessment
of copy number variation using the Illumina Infinium 1M SNP-array: a comparison of methodological
approaches in the Spanish Bladder Cancer/EPICURO study. Human mutation. 2011; 32(2):240–8.
PubMed Central PMCID: PMCPMC3230937. doi: 10.1002/humu.21398 PMID: 21089066

21.

Piotrowski A, Bruder CE, Andersson R, Diaz de Stahl T, Menzel U, Sandgren J, et al. Somatic mosaicism for copy number variation in differentiated human tissues. Hum Mutat. 2008; 29(9):1118–24. Epub
2008/06/24. doi: 10.1002/humu.20815 PMID: 18570184

22.

Tan VM, Ooi DS, Kapur J, Wu T, Chan YH, Henry CJ, et al. The role of digestive factors in determining
glycemic response in a multiethnic Asian population. European journal of nutrition. 2016; 55(4):1573–
81. doi: 10.1007/s00394-015-0976-0 PMID: 26160548

23.

Tan VM, Wu T, Henry CJ, Lee YS. Glycaemic and insulin responses, glycaemic index and insulinaemic
index values of rice between three Asian ethnic groups. The British journal of nutrition. 2015; 113
(8):1228–36. doi: 10.1017/S0007114515000586 PMID: 25789978

24.

DNA Genotek DGI. Long-term stability of DNA from saliva samples stored in the Oragene® self-collection kit2011 24 Sep 2014. Available from: http://www.dnagenotek.com/US/pdf/PD-WP-005.pdf.

25.

Sudmant PH, Kitzman JO, Antonacci F, Alkan C, Malig M, Tsalenko A, et al. Diversity of human copy
number variation and multicopy genes. Science. 2010; 330(6004):641–6. Epub 2010/10/30. PubMed
Central PMCID: PMC3020103. doi: 10.1126/science.1197005 PMID: 21030649

26.

Abraham JE, Maranian MJ, Spiteri I, Russell R, Ingle S, Luccarini C, et al. Saliva samples are a viable
alternative to blood samples as a source of DNA for high throughput genotyping. BMC Med Genomics.
2012; 5:19. PubMed Central PMCID: PMCPMC3497576. doi: 10.1186/1755-8794-5-19 PMID:
22647440

27.

Hindson BJ, Ness KD, Masquelier DA, Belgrader P, Heredia NJ, Makarewicz AJ, et al. High-throughput
droplet digital PCR system for absolute quantitation of DNA copy number. Analytical chemistry. 2011;
83(22):8604–10. PubMed Central PMCID: PMCPMC3216358. doi: 10.1021/ac202028g PMID:
22035192

PLOS ONE | DOI:10.1371/journal.pone.0170767 January 26, 2017

12 / 13

Quantification of AMY1 Gene Copy Number Using Quantitative and Droplet Digital PCR Methods

28.

Pinheiro LB, Coleman VA, Hindson CM, Herrmann J, Hindson BJ, Bhat S, et al. Evaluation of a droplet
digital polymerase chain reaction format for DNA copy number quantification. Analytical chemistry.
2012; 84(2):1003–11. PubMed Central PMCID: PMCPMC3260738. doi: 10.1021/ac202578x PMID:
22122760

29.

Rylander-Rudqvist T, Hakansson N, Tybring G, Wolk A. Quality and quantity of saliva DNA obtained
from the self-administrated oragene method—a pilot study on the cohort of Swedish men. Cancer Epidemiol Biomarkers Prev. 2006; 15(9):1742–5. doi: 10.1158/1055-9965.EPI-05-0706 PMID: 16985039

30.

Fernandez-Jimenez N, Castellanos-Rubio A, Plaza-Izurieta L, Gutierrez G, Irastorza I, Castano L, et al.
Accuracy in copy number calling by qPCR and PRT: a matter of DNA. PloS one. 2011; 6(12):e28910.
PubMed Central PMCID: PMCPMC3236783. doi: 10.1371/journal.pone.0028910 PMID: 22174923

31.

Sedlackova T, Repiska G, Celec P, Szemes T, Minarik G. Fragmentation of DNA affects the accuracy
of the DNA quantitation by the commonly used methods. Biol Proced Online. 2013; 15(1):5. PubMed
Central PMCID: PMCPMC3576356. doi: 10.1186/1480-9222-15-5 PMID: 23406353

32.

Le Marchand L, Lum-Jones A, Saltzman B, Visaya V, Nomura AM, Kolonel LN. Feasibility of collecting
buccal cell DNA by mail in a cohort study. Cancer Epidemiol Biomarkers Prev. 2001; 10(6):701–3. Epub
2001/06/13. PMID: 11401922

PLOS ONE | DOI:10.1371/journal.pone.0170767 January 26, 2017

13 / 13

