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ARTICLE INFO ABSTRACT

Keywords: The quantity and quality of DNA are crucial factors in determining polymorphisms in samples from individuals

Age with and without pathologies such as cleft lip and palate (CL/P). Saliva is increasingly being evaluated as a

Cleft lip and palate collection method. This study aimed to compare saliva DNA concentrations from individuals of different ages

DI\IIA with and without CL/P.

Z:Eic polymorphism Saliva samples were collected, DNA was extracted and the quantification was performed by spectrophotom-
etry. Kruskal-Wallis test was used to compare frequencies between groups, and Spearman’s rho for correlations.

We obtained saliva DNA from 314 individuals: 107 with CL/P (mean age: 12.7 + 6.5 years), 103 parents of
children with CL/P (mean age: 41.1 + 9.3 years), 52 individuals without CL/P under 18 years old (controls), and
52 individuals without CL/P over 18 years old (controls). The sample comprised 32.2 % females and 67.8 %
males.

Statistically significant differences in DNA concentrations were found between individuals under and over 18
years old (12.38 and 21.3 ng/yl, respectively, p = 0.0001), but no differences were observed between males and
females. Individuals with CL/P had lower DNA concentrations (12.45 ng/pl) compared to their parents and
controls (21.95 and 21.15 ng/pl, respectively). Our results showed a direct correlation between age and DNA
concentration in individuals with CL/P under 18 years old (R = 0.328).

1. Introduction

Genetic polymorphism studies require simple, non-invasive methods
to obtain high-quality DNA in sufficient quantities. Traditionally,
genomic DNA extraction from peripheral blood samples has been the
most common approach. However, this method is costly, invasive, and
often causes discomfort, leading to reduced participation, especially
among children and adolescents. Furthermore, blood sampling neces-
sitates experienced personnel and specialized laboratory infrastructure
for processing and storage.

Saliva collection has emerged as an alternative method for DNA
sampling.” Its advantages include lower cost, ease of collection without
the need for expert personnel, greater acceptability among study sub-
jects, and the ability to store samples at room temperature for extended
periods.” Some studies have suggested potential drawbacks of
saliva-derived DNA, such as lower DNA yield and possible bacterial DNA
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contamination.”” However, comparative studies between blood- and
saliva-derived DNA have shown that saliva provides sufficient DNA of
adequate quality for genetic analysis and specific SNP determination.”°

The influence of factors such as age, sex, or pathologies like oral
clefts on the quantity of DNA obtained from saliva samples remains
unclear. Therefore, this study aimed to investigate variations in the
quantity and quality of saliva-derived DNA based on age, sex, and the
presence of cleft lip and palate (CL/P).

2. Methodology
2.1. Determination of DNA quantity and quality from saliva samples
This study was approved by the institutional ethics committee (Acta

N°004). Written informed consent was obtained from all participants
and/or their parents. Whole saliva samples were collected from 314
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Table 1
Demographic data of the subjects.

% Average age

Group CLP 107 341 % 12.7 £ 6.5
Parents 103 32.8% 41.1 £9.3
Controls >18 years 52 16.5 % 145 + 8.6
Controls <18 years 52 16.5 % 38.6 7.7
Age >18 years 155 49.3 % 13.6 +£7.5
<18 years 159 50.6 % 39.8 £ 8.5
Sex Female 101 322 %
Male 213 67.8 %

subjects receiving multidisciplinary care at the dental clinics of Uni-
versidad El Bosque and Universidad de Cartagena, Colombia, between
2023 and 2024.

The study population comprised four groups: 1. Individuals with
cleft lip and palate (CL/P) (n = 107). 2. Parents of individuals with CL/P
(n = 103). 3. Individuals without CL/P under 18 years old (n = 52). 4.
Unrelated individuals without CL/P over 18 years old (controls) (n = 52)

Saliva samples (2 mL) were collected from each participant using the
Oragene DNA Sample Collection Kit (OG-500, DNA Self-Collection Kit,
Genotek, Ottawa, Ontario, Canada).

The mean age of individuals with CL/P was 12.7 + 6.5 years; par-
ents, 41.1 + 9.3 years; controls over 18 years old, 39.3 &+ 8.7 years; and
controls under 18 years old, 13.8 + 4.3 years. As shown in Table 1, 98
subjects were over 18 years of age, and 166 were under 18 years of age.
The sex distribution comprised 80 females and 184 males.

DNA was extracted from 200 pl of saliva samples using the Qiaamp
DNA blood mini kit (Qiagen, Germantown, MD, USA)), taking into ac-
count the manufacturer’s recommendations. DNA concentration was
evaluated at 260 nm, and the 260/280 nm ratio was used to estimate
DNA purity by spectrophotometry using NanoDrop 2000c. Genomic
DNA integrity was assessed by 0.8 % agarose gel electrophoresis, fol-
lowed by ethidium bromide staining visualization.

To determine the quality of DNA obtained from saliva samples, two
genes associated with CL/P formation were analyzed. The promoter
region of the OSR2 gene was amplified by real-time qPCR, and the
amplicons were sequenced using the Sanger method. Additionally,
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saliva-derived DNA was used to detect polymorphisms in BMP2 using
restriction enzymes such as Bsrl.

2.2. Statistical analysis

Data were processed using IBM SPSS Statistics V22 software.
Descriptive statistics (median and interquartile range) were used for age
and DNA concentration. Categorical variables were characterized by
absolute and relative frequencies. Kruskal-Wallis test with post hoc
Dunn’s test was used to compare mean values between study groups.
Mann-Whitney U test was used to compare DNA concentration between
age groups and sexes. All tests were performed with a significance level
of 5 %. The correlation between DNA quantifications and age by study
groups was assessed using Spearman’s rho (two-tailed).

3. Results
3.1. Evaluation of DNA quality from saliva samples

The DNA obtained from saliva samples exhibited a 260/280 ratio
between 1.8 and 2.0, indicating high purity. To assess DNA quality, we
amplified and sequenced the promoter region of the OSR2 gene to detect
SNPs in individuals with CL/P. The resulting chromatograms were of
good quality across all analyzed samples. Furthermore, the saliva-
derived DNA was suitable for determining polymorphisms in the
BMP2 gene associated with CL/P using the restriction enzyme BSR1
(Fig. 1).

3.2. Comparison of DNA Yield from saliva samples by age, sex, and
presence of CL/P

When evaluating DNA yield according to age, we found significantly
less DNA in individuals younger than 18 years. The average DNA con-
centration in individuals younger than 18 years was 12.38 ng/pl, while
in those older than 18 years, it was 21.3 ng/pl. This difference was
statistically significant (p = 0.0001) (Fig. 2).

Comparing DNA yield between groups, individuals with CL/P had a
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Fig. 1. Assessment of DNA quality obtained from saliva samples. The high-quality DNA enabled (A) amplification and sequencing of the OSR2 gene promoter region
and (B) evaluation of SNPs in exon 3 of the BMP2 gene in individuals with cleft lip and palate (CL/P).
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Fig. 2. Comparison of DNA concentration by age and sex. Box plots showing
the distribution of DNA concentrations (ng/pl) for different age groups and
sexes. Statistically significant differences are indicated.

lower average concentration (12.45 ng/pl) compared to their parents
(21.95 ng/pl) and control individuals over 18 years old (21.15 ng/ul).
This difference was statistically significant (p = 0.01). No significant
differences were found in DNA yield between sexes or between parents
and controls over 18 years old (Fig. 2).

We observed a significant positive correlation between age and DNA
concentration (Rho = 0.24, p = 0.0001), with younger individuals
showing lower DNA concentrations than adults (Fig. 3A). When
analyzing this correlation within groups, individuals with CL/P showed
a significant correlation between age and DNA concentration (R = 0.32,
p = 0.001), while no correlation was found in the other groups (Fig. 3B).

To control sample size differences, we analyzed DNA concentration
with matched sample sizes between individuals with CL/P, their par-
ents, and control groups (under and over 18 years without CL/P). This
analysis confirmed that the DNA yield in individuals with CL/P was 45
% lower than that obtained from their parents and controls over 18 years
of age (p = 0.0001) (Table 2). However, no significant differences were
observed between the CL/P group and controls under 18 years of age.

4. Discussion

Saliva collection has been previously reported as a non-invasive and
useful method for obtaining DNA.® While the inclusion of exogenous
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material, such as oral microbial DNA, has been cited as a potential
disadvantage affecting sample quality and analysis results,*® previous
studies have demonstrated that saliva samples provide sufficient DNA of
optimal quality for genetic analysis and determination of specific
SNPs.” 2 Some studies even suggest that a greater amount of DNA can
be obtained from saliva compared to whole blood samples of the same
volume.”

Genetic studies of individuals with cleft lip and palate (CL/P) often
require DNA samples from children and adolescents, making easier and
painless methods like saliva collection preferable to blood sampling. '
This approach can facilitate participation and increase sample sizes in
such studies. In our study, the DNA obtained was successfully used for
sequencing and restriction enzyme analysis to determine poly-
morphisms in CL/P-associated genes, confirming adequate quantity and
quality for genetic evaluations.

We observed significant variation in DNA yield among individual
saliva samples (Table 2), consistent with previous reports attributing
this variability to differences in oral salivary content before collection,
washing, and the extraction method used.®®

Our results revealed significant differences in DNA yield based on
age, with less DNA obtained from individuals under 18 years compared
to adults. Individuals with CL/P yielded 45 % less DNA than their par-
ents and adult controls. When analyzing matched group sizes and
including a control group of individuals under 18 without CL/P, we
consistently found lower DNA yields from younger individuals,

Table 2
Comparison of age, sex, and DNA concentrations between children with CL/P,
parents, and controls under and over 18 years old.

CL/P Controls Under Parents Controls Over
18 years old 18 years old
n=>52 n=>52 n=>52 n=>52
Age (years)
Mean 11,2 + 12,8 + 4,7% 38,1 +8,8 38,1 +£8,8
(SD) 5,6"
Gender
Female n 26 (50)° 26 (50)° 46 (88,5) 46 (88,5)
(%)
Male n 26 (50)" 26 (50)° 6 (11,5) 6 (11,5)
(%)
DNA Concentration (ng/pl)
Median 13 (7,25 - 14 (6,34-22,3)" 23,88 20,85 (9,35 -
(IQR) 25,4)" (10,73 - 32,53)
41,6)

? p < 0.05 statistically significant differences between CL/P and Control under
18 years old with respect to Parents and Controls over 18 years old. No differ-
ences were found between CL/P and controls under 18 years old. Analysis
performed with ANOVA of repeated measures, Friedman test and chi? test.
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Fig. 3. Correlation between age and DNA concentration. (A) Overall direct correlation between age and DNA concentration, with younger individuals showing lower
DNA concentrations. (B) Group-specific correlations, demonstrating a significant direct correlation between age and DNA concentration in individuals with CL/P (R

= 0.328). No significant correlations were observed in other groups.
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regardless of CL/P status. These findings align with previous studies by
Gasso et al. (2014)14 and Fitzsimons et al. (2021),15 which reported that
DNA concentrations increased proportionally with age and that sample
quality decreased in children under 12, possibly due to low DNA
concentration.

Unlike Gasso et al.'*, our study analyzed the 260,280 nm absorbance
ratio, finding values between 1.8 and 2.0 across all age groups, indi-
cating high purity. The lower DNA yield in younger individuals may be
attributed to decreased epithelial desquamation of the oral mucosa in
this age group, resulting in fewer cells available for DNA extraction.
However, the exact cause of these differences remains unknown.

Future studies should investigate the relationship between DNA yield
per ml of saliva collected and different ages tested, as well as examine
how genetic analysis success rates vary with collection method, A260/
A280 ratio, and DNA yield.

In summary, our results demonstrate that sufficient DNA can be
obtained from saliva samples of individuals both over and under 18
years of age. The quantity and quality of DNA extracted from saliva
samples are generally adequate for genetic analysis. However, age is a
significant factor contributing to variability in DNA concentration. Our
findings indicate that approximately 40 % less DNA is obtained from the
same volume of saliva in individuals under 18 years of age, with or
without cleft lip and palate (CL/P), compared to those over 18 years. To
address this variability, researchers may need to adjust collection vol-
umes or modify extraction protocols for younger participants. This age-
related variability should be taken into account when designing meth-
odologies for population studies, particularly those including children
with conditions such as CL/P, to ensure sufficient DNA yield for analysis.
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