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Selection of a Noninvasive Source of Human DNA Envisaging Genotyping Assays in
Epidemiological Studies: Urine or Saliva?
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Genetic epidemiology requires an appropriate approach to measure genetic variation within the population. The
aim of this study was to evaluate the characteristics and genotyping results of DNA extracted from 2 human DNA
sources, selected for their rapid and noninvasive sampling, and the use of simple and standardized protocols that
are essential for large-scale epidemiologic studies. Saliva and urine samples were collected at the same day from
20 subjects aged 9–10 yr. Genomic DNA was extracted using commercial kits. Quantitative and qualitative
evaluation was done by assessing the yield, the purity, and integrity of the extracted DNA. As a proof-of-concept,
genotyping was performed targeting CC16 A38G and uteroglobin-related protein 1 (UGRP1)-112G/A. Saliva was
found to provide the highest yield and concentration of total DNA extracted. Salivary DNA showed higher purity
and a significantly less degraded state compared to urinary DNA. Consequently, the salivary DNA gave better
genotyping results than urinary DNA. Therefore, if the choice exists, saliva is the preferred noninvasive matrix for
genotyping purposes in large-scale genetic epidemiologic studies. Only in particular cases using urine could
nevertheless be considered useful, although specific limitations need to be taken into account.
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INTRODUCTION

Genetic epidemiology is the study of the role of genes and their
interaction with environmental factors in the occurrence of
disease in human populations.1 One of the genetic factors
playing an important role in genetic epidemiology are single
nucleotide polymorphisms (SNPs).2, 3 These simple and stable
changes occur at an average frequency of;1 in 1.3 and 1.9 kb
overall.4–6 Most SNPs have no effect on health or develop-
ment, but someof themmaybe implicated indisease incidence
and susceptibility. These can be observed between individuals
in a population and could influence promoter activity (gene
expression),mRNA conformation (stability), and translational
efficiency. Therefore, they may play a role in the susceptibility
of an individual to many common diseases, medicinal drug
metabolism, and genome evolution. They could potentially
also play a direct role with or without other factors in the
phenotypic expression of diseases or traits.7–10 SNPs can be the

marker of choice for many applications of genetic epidemiol-
ogy because of the high genotyping efficiency, data quality,
genome-wide coverage, and analytical simplicity.11

The measurement of the genetic variations, i.e.,
genotyping, is a crucial factor to take into consideration for
the development of public health genomics, where genome-
based knowledge is used to benefit public health, by
implementing it into public health policy and services for
the benefit of the population health. For instance, in the
United Kingdom, public health genomics led to an increased
personalized treatment, e.g., in cancer, ameliorating the
public health care.Moreover, genomic knowledgewill enable
subpopulations at risk to be defined, i.e., precision public
health. Subsequently, by focusing intensive lifestyle inter-
ventions on and motivating lifestyle modifications in those
with increased genomic risks (because of specific SNPs), the
cost-effectiveness of health caremight be improved.12, 13 Also
in Belgium, such an approach is envisioned in the future.14

To perform genotyping assays in epidemiologic stud-
ies, which are often done on a healthy, nonhospitalized
population, a straightforward and noninvasive workflow is
needed. However, traditionally, blood or buffy coats remain
the commonly used sources of human nucleic acids for
genotyping, implying several limitations such as the need
of a professional training in phlebotomy, equipment, and
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infrastructure, thereby hampering sampling in a more
epidemiologic setting. Furthermore, blood sampling is not
easily accepted as it can cause anxiety and/or physical
discomfort, particularly in vulnerable populations. Con-
trarily, collecting urine and saliva is an extremely non-
invasive process. Urine is already a highly desirable
biospecimen for large population-based studies because
it can be collected easily and recurrently by noninva-
sive techniques, in relatively large volumes. Furthermore, it
contains about 400 epithelial cells (i.e., squamous, renal
tubular, and transitional urothelial) and macrophages per
milliliter of human urine, which makes urine-derived DNA-
based detection possible.15–24 Another very desirable body
fluid for diagnosis and monitoring is saliva because it is easily
accessible noninvasively; its collection is relatively inexpen-
sive, safe, and easy; and can be performed without the help of
health careworkers.25 It is composed of;75%epithelial cells
(;430,000 cells/ml26) and ;25% leukocytes (2–136,000
cells/ml27, 28) and is a good source of high-quality DNA for
the use of genomic applications.14, 29–31 Therefore, urine and
saliva could be the ideal sources for genotyping assays in
epidemiologic studies, especially for the use in children or
people that will not comply with blood collections. It has
been shown that simple, self-administered sample collection
methods, which are possible when collecting urine and saliva,
significantly increase the participation rates in epidemiologic
studies.32

The goal of this study was to evaluate the noninvasive
biofluids urine and saliva by extracting genomic DNA
(gDNA) of children with the aim to measure genetic
variations (genotyping) using a real-time PCR assay, which
could be applied in future large-scale epidemiologic
studies. To deliver a proof-of-concept for genotyping
using the extracted DNA from urine and saliva, we
measured 2 SNPs that have already been reported to be
implicated in susceptibility for respiratory diseases. Firstly,
we investigated the SNP rs3741240, a polymorphism
located in the CC16 gene, coding for club cell protein, an
anti-inflammatory protein secreted by the club cells in the
deep lung33 and associated with decreased lung function
and with increased susceptibility to asthma and other lung
diseases.34–36 Secondly, we investigated the SNP rs1368408,
located in the promoter of the secretoglobin family 3A
member 2 gene [also called uteroglobin-related protein 1
(UGRP1) gene], which plays an important role in secreting
lung surfactant protein and for which it has been shown to
result in susceptibility for asthma.37–39 Based on the obtained
results, we could recommendwhich source ofDNA touse for
which type of epidemiologic studies. Although each of the
biofluids has been alreadypreviously used for genotyping22, 40

this is the first time this type of comparison of biofluids from
children for genotyping has been made.

MATERIALS AND METHODS

Population, urine, and saliva samples

The urine and saliva samples were collected from 20
children (9–10 yr old, 8 girls, 12 boys), recruited in the
framework of a feasibility study concerning the search
for biomarkers linked to respiratory diseases and air pol-
lution (ethical committee approval registration number
B403201734310).

The urine and saliva samples were collected anony-
mously on March 9th, 2018, in a school in the neighbor-
hood of Leuven, Belgium, between 9:45 AM and 10:25
AM. Although the first urine is more concentrated in cells,
this is not always practical in epidemiologic studies. Thus,
the subsequent, presumably “second-morning” urine was
collected using a 125-ml sample vessel (VWR, Leuven,
Belgium), immediately divided in aliquots, and stored at
280°C. No preservative was added to avoid potential
impact on downstream analyses. The saliva was collected
using the Oragene DNA tubes (DNA Genotek, Kanata,
ON, Canada). This allowed the saliva to be stored at room
temperature for a prolonged time (for up to 5 yr, according
to the manufacturer), maintaining the integrity of the DNA
as it contains reagents to preserve the high MW DNA by
inhibiting degradation and preventing bacterial growth.41

Ethics

The Ethics Committee of the Faculty of Medicine of the
Catholic University of Louvain approved the study protocol,
which complied with all applicable requirements of interna-
tional regulations (registration number B403201734310). All
human subjects participating in the study have given the
requisite informed consent.

DNA extraction from the urine and saliva samples

Total urinary DNA was extracted from the 20 samples 4 mo
after their collection. The urine aliquots were thawed
overnight at 4°C and extracted the following day using the
Gentra Puregene Blood kit (Qiagen, Hilden, Germany),
following the protocol for body fluids.42 The protocol was
adapted for extraction out of 3 ml of urine, which is the
maximum volume specified in the protocol provided by the
manufacturer and which is also the maximum of volume
possible to be easily extracted for many samples simulta-
neously. During the purification procedure, cells were lysed
with an anionic detergent in the presence of aDNA stabilizer,
which limits the activity of DNases found intracellularly and
elsewhere in the environment and which was removed again
during precipitation. RNA was removed by treatment with
an RNA digesting enzyme. Other contaminants and enzyme
inhibitors such as proteins and divalent cations were removed
by salt precipitation. The purified DNA was dissolved in 50
ml of water and stored at220°C.
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DNA from 2 ml saliva of each of the 20 children was
extracted 4 mo after its collection using the prepIT-L2P
protocol for manual purification of DNA from whole
sample (DNA Genotek). This is an alcohol precipitation–
based method including a heat-treatment and removal of
impurities and inhibitors. The protocol that was performed,
did not contain an RNA removal step. DNA was recovered
by precipitation with alcohol, dissolved in 200 ml Tris-
EDTA buffer, and stored at220°C.

Yield and purity of total DNA extracted

The DNA concentration (ng/ml), the yield (ng/ml biofluid),
and the purity (A260/A280) were first determined by spectro-
photometry using the Nanodrop ND-2000 (Thermo Fisher
Scientific, Waltham, MA, USA).

The quantity and concentration of the extracted DNA
was also investigated using a Qubit dsDNA BR and HS
Assay Kit with the Qubit 4.0 fluorometer (Thermo Fischer
Scientific).

DNA integrity of the extracted DNA

The DNA integrity of the gDNA was analyzed using the
Agilent 4200TapeStationAutomatedElectrophoresis System
(Agilent Technologies, Santa Clara, CA, USA), according to
the manufacturer’s instruction. One microliter of the DNA
sample was measured using a gDNA screen tape (Agilent
Technologies), which has a sizing range of 200–.60,000 bp
and a sizing precision of 200–15,000 bp. The results were
analyzed with the TapeStation Analysis Software, A.02.02,
including the generation of aDNA IntegrityNumber (DIN),
providing an indication of integrity (distribution to a scale
of DIN 1–10; a high DIN indicates highly intact gDNA,
and a low DIN a strongly degraded gDNA sample). A
selection of 6 higher and lower concentrated samples (i.e.,
A, B, C, D, E, F), based on the Nanodrop measurements,
was analyzed as representatives for possible best- andworst-
case scenarios.

To estimate the amount of nondegraded DNA, the
yield of intact amplifiable human DNA was determined by
analyzing 10 ng of total DNA (based on Nanodrop results)
of each urine and saliva sample by using an SYBR Green
real-time qPCR assay, which amplifies a 164-bp fragment
of the b-globin gene (Accession Number EF450778), as
described previously.23

Genotyping assays: CC16 SNP rs3741240 and UGRP1
SNP rs1368408

As a proof-of-concept, the extracted DNA was used in a
genotyping assay targeting 2 SNPs. Fifty nanograms of total
DNA (based on the measurements with the Nanodrop)
extracted from the urine and saliva sampleswas used for 2 allelic
discrimination assays performed on the StepOnePlusReal-

Time PCR system (Thermo Fisher Scientific). Two commer-
cially available kits Taqman SNP Genotyping assays
(rs3741240 ID_C__25473445_10 and rs1368408 ID_C__
7515585_20; Thermo Fisher Scientific) were used following
the manufacturer’s instructions to analyze the SNP CC16
A38G and the SNP UGRP1-112G/A, respectively. The
mutated allele corresponds with the VIC dye (allele1) and the
wild-type dye corresponds to the fluorescein amidites (FAM)
dye (allele 2). A negative template control was included for each
assay. A positive control was not added. The assay was
performed induplicate. If one of the 2measurements resulted in
“undetermined,” the result of that sample was recorded as
“undetermined.”The “undetermined” sampleswere genotyped
again by increasing the input DNA to 200 ng (based on the
Nanodrop measurements).

In order to validate the genotyping results, Sanger
sequencing was performed on the PCR fragments of CC16
and URGP1 of salivary DNA samples (primers: CC16
forward: 59-TAATACGACTCACTATAGGGTTACCT-
ATCCCACCAAGCCAATGC-39, reverse: 59-GGAAAC-
AGCTATGACCATGTGGGCAGCTCACTCCTTCTT-
CTG-39; UGRP1: forward: 59-TAATACGACTCACT-
ATAGGGAGAAGGATTCGTTGGGCTCTTTGC-39;
reverse: 59-GGAAACAGCTATGACCATGAGCCAGTG-
GTTCCACTTGCCATAC-39). The sequences were deter-
mined using the ABI 3130xl Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA, Life Technologies,
Carlsbad,CA,USA) and analyzedwith the Sequence Scanner
V.1.0 software (Applied Biosystems, Life Technologies).

Because no information was available on the fragment
size of the amplified real-time PCR fragments for the
commercial assays, a capillary electrophoresis was per-
formed on the obtained real-time PCR fragments. This
was done using an Agilent 4200 TapeStation Automated
Electrophoresis System (Agilent Technologies) with a
D1000 screen tape for a sizing of 35–1000 bp, according to
the manufacturer’s instruction. The results were analyzed
with the TapeStation Analysis Software, A.02.02. The
investigation was done on 1 ml of each real-time PCR
product (CC16 SNP A38G, UGRP1 SNP-112G/A to be
compared with b-globin qPCR product) of 2 samples
(sample A and D, representing each gender, representative
of all samples because this concerns an allelic discrimina-
tion assay).

Statistical analysis

Results were presented as median with interquartile range or
mean with SD for the continuous variables (concentration,
yield, andpurity). The comparison of yield and concentration
between both biofluids and between Nanodrop (including
the purity) and Qubit was done using the nonparametric
Wilcoxon signed rank-sum test. The comparison between
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boys and girls was done using the nonparametric Wilcoxon
rank-sum test. All P values were 2-sided with a level of
statistical significance set at ,0.05. Statistical analyses were
made with the JMPs 14.1 software from SAS Institute (Cary,
NC, USA).

RESULTS

Total yield

Themedian DNA concentration (ng/ml DNA) andmedian
totalDNAyield (ng/ml biofluid) are summarized per gender
in Table 1. Both with UV spectroscopy (Nanodrop) as with
fluorescence spectroscopy (Qubit), it was found that under
the conditions used, saliva contains the highest concentra-
tion and yield of total DNA. Clearly, for both genders, the
concentrations measured by fluorescence spectroscopy are
significantly lower than those measured by UV spectros-
copy, with a more pronounced difference in the urinary
DNA values compared to salivary DNA. We observed no
significant differences in yield between gender, except for
the low urinary yields, measured with Qubit.

DNA purity

The purity was assessed based on the ratio A260/A280 as
measured by UV spectrometry, which is summarized for
urine and saliva in Table 1, including a summary per gender.
The results indicate that theDNA extracted fromurine has a
lowermean ratio of A260/A280 compared to the ratio of saliva
(P, 0.001). This could indicate that the urinaryDNAhas a
lower purity than the salivary DNA. However, a low A260:
A280 ratio may also be caused by the very low concentration
(,10 ng/ml) of nucleic acid in the urine samples.43 No
significant differences are observed between genders.

DNA integrity

The DNA integrity of the samples was evaluated as
described in the Materials and Methods sections. In Fig.
1, the TapeStation results on a selection of 6 higher and
lower concentrated samples (i.e., A, B,C,D, E, F), show that
the extracted urinary gDNAwas too dilute and too degraded
to give any interpretable results. In comparison, the gDNA
extracted from saliva contained a high proportion of long
DNA fragments for most samples, with a band above the
48,500 bp ladder band and an average DIN of 7.3 (6SD

1.10), with sample C being more degraded, although no
impact on genotyping results was observed (see “Genotyping
Assays”). Ahigher volume (15ml) of the urinaryDNAsamples
was also loaded on a classic agarose gel. However, due to the
low total concentrations and the degraded state of the urinary
DNA, no distinct bands were visible (unpublished results).

A real-time qPCR assay using the human-specific
b-globin primers was used to determine more specifically
the amount of human-intact amplifiable DNA in the total T
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DNA extracted from urine and saliva. The yield of human-
intact amplifiable DNA extracted from urine was close to
the detection limit (0.13 ng/ml corresponding to 10 copies/
well) and could only be determined for 3 out of the 20
samples (i.e., 1.7–10–11.1 ng of human-intact amplifiable
DNA per milliliter of urine). This was in contrast with the
human-intact amplifiable DNA extracted from saliva,
ranging from 6244 to 84,408 ng/ml saliva. No difference
between genders was observed. As an example, the individ-
ual qPCR results obtained for the 6 individuals A–F are
summarized in Fig. 1. These were in line with the observed
Tapestation results.

Genotyping assays

To evaluate if this experimental setup could be applied for
future genetic epidemiologic studies on a larger scale, the
total DNA extracted from urine and saliva was genotyped
for rs3741240 and rs1368408. For this, the amount of
input DNA was determined based on the Nanodrop
concentration values because these will be in practice the
least time- and cost-consumingmeasurements to be done in

large-scale studies. Table 2 summarizes results from the
genotyping assays based on the allelic discrimination
plots that discriminate between the homozygote and the
heterozygote genotypes as well as the undetermined or
nonamplified samples. When using 50 ng of input DNA
(based on Nanodrop measurement), a higher genotype
call rate (GCR) is observed for salivary samples (100%)
compared to urinary DNA samples (GCR 60%). The
GCR was also dependent on which assay that was used,
i.e., better results for CC16 than for UGRP1 were obtained
(75 and 60% success rate with 50 ng of input DNA,
respectively). The increase of input of urinary DNA of the
undetermined samples from 50 to 200 ng (based on the
Nanodrop measurements) resulted in a successful genotyp-
ing of 4 out of 5 undetermined samples for the SNP CC16
and successful genotyping of 6 out of 8 undetermined
samples for the UGRP1 SNP (unpublished results). This
improved theGCR, using urinaryDNA from60 to 90% for
the UGRP1 SNP assay and from 75 to 95% for the CC16
SNP assay. Finally, the Sanger sequencing results testedwith
the salivary DNA support and confirm the outcomes

FIGURE 1

Integrity of DNA extracted from urine and saliva.
TapeStation results and concentrations (ng/ml)
obtained from b-globin qPCR of DNA extracted
form urine (A) and saliva (B) on a selection of 6
samples (boys: A, B, C, E; girls: D, F). The
corresponding yields (nanograms per microliter
biofluid) are for urine (A): sample A, B, C, D, F:
undetermined; sample E: 11.1 ng/ml; and for
saliva (B): sample A: 8495 ng/ml, sample B: 6244
ng/ml, sample C: 12,577 ng/ml, sample D:
10,008 ng/ml, sample E: 33,527 ng/ml, sample
F; 17,977 ng/ml.

T A B L E 2

Genotyping results for the CC16 SNP A38G and the UGRP1 SNP-112G/A

Characteristic

CC16 SNP A38G UGRP1 SNP-112G/A

Saliva Urine Saliva Urine

Total number of samples 20 20 20 20
Homozygous wild type (%) 9 (45%) 8 14 (70%) 9
Heterozygous (%) 11 (55%) 7 6 (30%) 3
Homozygous mutant (%) 0 (0) 0 0 (0) 0
Determined (%)
50 ng DNA input 20 (100%)a 15 (75%) 20 (100%)a 12 (60%)
200 ng DNA input (b) 19 (95%) 18 (90%)

Both genotyping assays were performed twice with the DNA extracted from saliva (n = 20) and urine (n = 20) 0.50 ng of DNA input (based on Nanodrop) was used.
aAll salivary samples yielded a 100%GCR, including for the samples A, B, C, D, E, F, randomly selected for the DNA integrity verificatio, [with C not impacted by the lower DIN value
(see Fig. 1)]. This is in contrast with the selection of the 6 urinary DNA samples for which samples C and F resulted in undetermined CC16 SNP genotype and sample F in
undetermined UGRP1 SNP genotype.
bThe failed urinary samples were repeated with 200 ng DNA input. As all saliva samples could be successfully genotyped, the percentage of each obtained genotype based on the
total amount of samples tested, was calculated based on the saliva values (indicated between brackets).
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generated for each genotyping assay (see Supplemental
Table S1 in supplemental data). The allele frequencies
(based on the results of salivaryDNA) are 45%wild type and
55%heterozygous forCC16 SNPA38G and 70%wild type
and 30% heterozygous for UGRP1 SNP-112G/A with no
homozygous mutants genotyped in either of the assays.

Because no information was given on the amplicon size,
we determined the fragment size of the qPCR products of
sample A and D using capillary electrophoresis (Tapestation)
(unpublished results). The amplicons from the genotyping
assays gave a band around 80 and 140 bp for the CC16 and
the UGRP1 genotyping assay, respectively. The b-globin
qPCR showed a band around 160 bp, as expected.23

DISCUSSION

Urine and saliva were investigated as possibleDNA sources for
genotyping assays suited for larger-scale epidemiologic studies.
Salivary and urinary sampling present major advantages
compared to the blood-dependent methods. They were
selected in this study to investigate the effectiveness and
efficiency of DNA genotyping assays. Both biofluids are
noninvasive, easily collected, processed, and assayed, particu-
larly in vulnerable strata of the population, such as children.
Both sources contain DNA and could therefore potentially be
used for downstream genotyping assays. However, some
differences at several levels exist, which should be taken into
account depending on the type of study to be conducted.

Under the conditions tested and taking into account the
chosen storage conditions and processing methods, the
extraction of total DNA from saliva resulted in significantly
higher yields, higher concentrations, better quality, and purer
and less degraded DNA compared to the total DNA
extracted from urine. The yield was quantified using 2 distinct
quantification methods, i.e., UV and fluorescence spectros-
copy. The latter provides the amount of intact double stranded
DNA (dsDNA) with minimal interference of proteins, RNA,
single strandedDNA (ssDNA), or other contaminants that can
influence the UV absorbance, with a DNA yield decreasing
with increasing levels of fragmentation and denaturation of
DNA. The former measures maximal absorbance of nucleic
acids without distinguishing between dsDNA, ssDNA, RNA,
and nucleotides.44 Thus, as expected, our results showed that
the UV method gave significantly higher concentrations, both
for urine and saliva-derived DNA. The presence of contam-
ination in the sample, i.e., protein (indicated by the A260:A280

ratio, especially in case of urinary DNA) as well as RNA,
ssDNA, and other contaminants could influence the UV
absorption ultimately leading to an overestimation of theDNA
concentration compared to fluorescence spectroscopy. Indeed,
the protocol for urinary DNA extraction contains an optional
RNA removal step, which was not performed during the
extraction of salivary DNA, and which could lead to an

overestimation of the concentration of the total salivary DNA,
measured with Nanodrop. Additionally, the presence of RNA
in the samples also has an impact on the difference in purity
between the DNA extracted from both biofluids, which could
lead to anoverestimationof thepurity (A260:A280) of the salivary
DNA. It should also be noted that DNA quantification of
urinary DNA by Qubit in our results could potentially be
underestimated.OptimalQubit quantification of frozenDNA
samples requires a sufficient amount of salt in the DNA
solution. In this case, the urinary DNAwas dissolved in water.
This could potentially lead to a destabilization of dsDNA,
hindering the binding of the fluorescent dye and thus to an
underestimation of the DNA concentration.45

Other factors could also play a role in themeasured yield
and quality of the recovered urinaryDNA. First, the timing of
urine collection has been described to have an impact on the
yield. It has been shown that the first urine results in the
highest yields because it contains more cells,46 although it
should be noted that urine taken at other moments also gives
acceptable yield and could be used in routine.23 Due to
practical reasons, a presumably second-morning urine sam-
ple was collected in this field study, with lower expected
urine yield, but still enough to perform the majority of the
genotyping assays. Additionally, the second-morning urine
could, at a technical level, be a better choice in this case
because the first morning urine contains more degraded
DNA.23 Secondly, the gender could also impact the obtained
DNA concentration and yield. It is known that female urine
contains more cells and therefore a higher amount of DNA
thanmale urine.However, this wasmainly previously described
in adults with a fully developed urogenital tract.19, 23 In our
results, using urine samples collected from 9- to 10-yr-old
children, this was only confirmed for the very low yield of
urinary DNA measured with the Qubit. Thirdly, urine is
generally not considered as an ideal source ofDNAdue to the
low concentration of nucleated cells present. As mentioned
previously, saliva contains a significantly higher number
of cells compared to urine. This explains the substantial
difference in yield obtained between the salivary and the
urinary DNA.However, the obtained concentrations should
be comparedwith caution because different starting volumes,
elution volumes, and buffers were used for both extraction
protocols of saliva and urine. Nevertheless, with a larger
starting biofluid volume and a lower elution volume, it was
expected that urinary DNA would be more concentrated. In
our case, this was not observed, confirming once more that
the initial DNA present in urine is much lower than in saliva.
Fourthly, the yield interpretation is influenced by the amount
of degraded DNA present. The highly degraded state of the
urinary DNA in our study is a result of the presence of urea,
uric acid, creatinine, mineral salt, urokinase, and bacteria.47

This results in a quantification of urinary, fragmented DNA
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that is underestimated by fluorescence spectroscopy because
this method underestimates with 70% the concentration
of dsDNA with a size ,23 kb.48 This is in contrast with
the Nanodrop, which measures total DNA, including
fragmented DNA. Furthermore, it is known that urinary
and salivary DNA contain coextracted microbial nucleo-
tides present in these biofluids, which could lead to an
overestimation of the actual human DNA concentration
measured by both of these nonspecific spectrophotometric
or fluorometric methods.23, 26, 40, 49 The use of a real-time
qPCR assay using the human-specific b-globin primers,
overcomes these overestimations by determining more
specifically the amount of human-intact amplifiable DNA
in the total DNA extracted from urine or saliva. Our results
showed that the DNA extracted from saliva contains a
significant proportion of human intact DNA fragments of at
least 164 bp long in contrast with the urinaryDNA for which
this human proportion could not be determined because it
was below the detection limit for most of the samples. This
result was rather unexpected because there should be a certain
amount of human DNA present in the urine, confirmed by
the successful genotyping assays, targeting human genes.
Perhaps the presence of contaminants, suggested by the lower
A260/A280 values, although this could also be due to the low
DNA concentration,43 could play a role in obtaining good
results in the qPCR quantification assay for urinary DNA.
Removing them would possibly improve the outcome of the
quantification assay but has not been done here because this
would include an additional time-consuming step, which is
not ideal in a large-scale epidemiologic study. Moreover, the
ultimate goal is the genotyping of the samples, for which a
straightforward concentration measurement to determine
input DNA (such as based on Nanodrop measurements) is
preferred to be used. Additionally, there is a significant
difference in size of the amplicon between the different assays,
namely around80and20bpbetween, respectively, theCC16
SNP genotyping assay and the b-globin qPCR and between
UGRP1 SNP genotyping assay and the b-globin qPCR. A
possible explanation for the less successful quantification
qPCR assay could be that the fragment to be amplified in the
b-globin qPCR is too large for the degraded human DNA
present in urine, resulting in an unsuccessful outcome of the
b-globin qPCR and potentially in an underestimation of the
humanDNApresent in urinaryDNA.Thiswould imply that
qPCR assays, including human DNA concentration mea-
surements and genotyping assays, should be carefully selected
whenworkingwith degraded urine-derivedDNA.To further
elucidate this, a more thorough investigation should be done
by using different primers to target different fragment sizes of
1 gene.

In our study, always a 100% GCR was obtained for
salivary DNA, which was not the case for urinary DNA. This

makes salivary DNA definitely the preferred biofluid, if the
choice exists.When starting with the same inputDNA, based
on the Nanodrop measurements, we could observe a lower
GCR for urine, which is due to the lower DNA quality
and the difficulty to estimate concentration of the extracted
DNA, compared with salivary DNA. Furthermore, there is
a difference in GCR between assays. We could observe
better results when using the CC16 SNP genotyping assay,
compared to the UGRP1 assay. As mentioned above, 1
possibility might be the difference in amplicon size. The
impact of the size of the qPCR product and the efficiency of
the assay has been previously observed, i.e., when developing a
qPCR method, a difference in size of a qPCR product can
impact the amplification efficiency.50 However, when in-
creasing the input DNA up to “200 ng” (based onNanodrop
measurements, and hence not reflecting the “true” quantity
for reasons explained above), most of the undetermined
samples were successfully genotyped for the CC16 SNP
as well as for the UGRP1 SNP, reducing the difference of
GCR between the assays. Based on these results, we could
suggest using a higher amount of starting material (based on
Nanodrop measurements) when using urinary DNA com-
pared to salivary DNA. Increasing the input of DNA, based
on Nanodrop, to at least “200 ng” solves a part of the
undetermined cases. However, it also requires significantly
more material of DNA, limiting the number of assays that
could be done with the DNA extracted from urine in 1
extraction run. This is in contrast with salivary DNA, where
a lower DNA input of “50 ng” (based on Nanodrop
measurements) is sufficient to generate successful data. The
genotyping results from the salivary DNA indicate a same
trend as the expected allele frequencies described by the 1000
genome Project (45% wild type, 44% heterozygous, 11%
homozygous mutants for CC16 SNP A38G, and 78% wild
type and21%heterozygous, 0.014%homozygousmutant for
UGRP1 SNP-112G/A).51 The slight deviation can be due to
the differences in heterogeneity of ethnicity of the population
compared to the 1000 Genome Project and to the relatively
small sample size of our study.

The higher yielding saliva has the advantage that only 1
extraction run will allow the performance of a multitude of
genotyping assays. This is not the case for urine because
the yielded concentration and quantity are relatively low,
limiting the number of genotyping assays to be done out of 1
extraction. Although urine is available in large volumes, the
extraction of urine is limited to a maximum volume to be
extracted at once, depending on the extraction kit used. This
has as an additional consequence that the remaining volume
of the collected urine should be stored properly if no aliquots
were made immediately after sampling. Storing the urine
samples at room temperature or 4°C induces bacterial
growth and quick degradation of human DNA over time,
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impeding the potential utility of urine.47 Freezing the urine
improves the recovery to some extent, although the choice of
which temperature, the storage period, and the related
storage costs are important parameters to consider.52 In
contrast, although using amore costly sampling device, with
the appropriate collection conditions for saliva in this study,
the extracted salivary DNA is very stable, even at room
temperature, yielding perfect results for the 2 different
genotyping assays. This has been confirmed by previous
studies, which show that theOragene saliva sample is of such
high quality that it can be used as an alternative to blood
DNA in epidemiologic studies.14, 40, 41, 53 The storage of
saliva at room temperature with this preservative, whereas
urine was stored around 4 mo period without a preservative
(though at 280°C) until DNA extraction, might have
favored a better outcome for salivary DNA. To circumvent
some of the drawbacks of urine, immediate DNA extraction
or alternative or additional handling, not interfering with
genotyping, could be considered.16, 52, 54, 55 Also, the choice
of which commercial extraction kit to use, i.e., its specific
efficiency, could have an impact on the quality or yield of the
extracted DNA from urine.23 Nevertheless, immediate
extraction is not realistic in large epidemiologic studies and
one of the main requirements for these types of studies is a
quick and easy sampling, thus preferably limiting the
number of additional steps.

Based on the above, we can conclude that, if the choice
exists, saliva is obviously the preferredmatrix for genotyping
purposes in large-scale epidemiologic studies, where the
noninvasive character, the rapidity of the sampling, and the
use of simple and standardized protocols are essential.
Despite the logistical convenience of urine, the results are
not satisfactory, with a lower DNA quality and quantity and
variable GCR depending on the selected target. Further-
more, the cost-effectiveness could be challenged due to
increasing costs related to higher storage costs and possible
repeated sample processing linked to limited accuracy.
However, using urine might be eventually considered when
investigating retrospective studies of banked urine where no
other source is available and when there is no possibility to
recontact the participants to collect saliva. However, when
using urine for genotyping, the limitations specified in this
study should be taken into account. In summary, although
urine has other properties of interest, saliva is the best-suited
noninvasive source of high-quality DNA for molecular
assays in genetic epidemiologic studies.
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