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ABSTRACT: The application of high-throughput sequencing has revolutionized our ability to investigate the microbiota
composition of complex oral ecosystems. One such approach is through 16S rRNA sequencing. Deciphering this diverse
microbial community using such approach is more accurate than traditional culture-based methods. Numerous factors
such as primer selection, DNA extraction methods, and sequencing platforms may compromise the results. Therefore,
these factors need to be considered carefully for studies such as microbial diversity analysis and microbial abundance
determination. Here, we evaluated the effect of two DNA extraction methods (soil and swab DNA extraction kits)
and targeted 16S rRNA hypervariable regions (V1–V3 and V3–V4) on plaque and saliva sample types to investigate
the diverse microbes in oral samples of five Chinese citizens. Both of the extraction methods were successful in
determining the relative abundance of microbes; however, relative abundance percentage of the species reported by the
soil extraction method with the hypervariable region V1–V3 is higher in both sample types. The relative taxonomical
abundance of microbes at OTU level of species represented by the V3–V4 region is lower; nonetheless, the number of
unshared species identified is higher using this region. Both of the hypervariable regions identified unshared species in
plaque and saliva sample types. Thus, choice of DNA extraction methods and hypervariable regions greatly influence
the representation of oral microbial diversity in plaque and saliva. This study provides a guide to future studies to
portray and quantify the human oral microbiota.
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INTRODUCTION

The human body is enclosed within a plethora of
self-originating microbes in multiple sites [1–4].
Among the vast diversity expressed in human body,
modern scientists showed a keen interest in oral
cavity, as it harbours unknown and unculturable
microbiome with exceptional physiological and eco-
logical characters [5, 6], plaque [7] and saliva [8]
are the two most explored areas in oral cavity, as
they are repositories of microbes including viruses,
fungi, protozoa, bacteria, and archaea [9]. Oral
diseases, such as periodontal diseases and dental
caries, are mainly associated with oral microbial
dysbiosis [10, 11].

Distinct niches, such as plaque and saliva, occur
within the oral cavity, which harbours disease spe-
cific microbes [12, 13]. One of the successful and

frequent approaches to study the diversity observed
in these niches is extraction of DNA through high
throughput sequencing of 16S rRNA from micro-
bial samples obtained from humans [14, 15] and
environment [16, 17]. This technique is helpful in
microbial diversity analysis; however, experimental
biases occur in the characterization of microbiome
during the sampling steps [18].

The choice of 16S regions and DNA extrac-
tion techniques is crucial during the analysis of
microbiome samples [19–21]. Higher contamina-
tion in human metagenomic samples affect DNA
extraction [22]. Moreover, microbial composition
present in the samples are affected by the selection
of sample sites from the oral cavity [23]. Since DNA
extraction methods influence the identification of
microbial profiles, a careful evaluation is needed to
detect the biases in experimental procedures [24].
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16S rRNA gene sequencing is used extensively
in taxonomic studies [25]. The accurate assess-
ment of a microbiota completely depends on the
selected 16S region and primer sequences; however,
errors can occur with the amplification of non-
representative genomic region during taxonomic
based studies [26]. Significant correlations be-
tween oral bacterial composition of the V1–V3 and
V3–V4 regions, represented by β-diversity metrics,
have been reported by past studies [27]. How-
ever, bacterial profiling remains a challenging factor
for its inconsistent quantification and reproducible
identification, leading to explore different 16S re-
gions [28].

In this study, two DNA extraction methods (soil
extraction and swab extraction) and two hypervari-
able regions (V1–V3 and V3–V4) were evaluated
by exploring the oral microbial diversity present in
plaque and saliva samples obtained from five Chi-
nese citizens. The soil extraction method has been
used to evaluate the environmental samples and
also to study anaerobic microbes [29, 30]. More-
over, the swab extraction method was used on stud-
ies associated with gene polymorphisms in chronic
periodontitis [31]. Here, we systematically evalu-
ated two extraction methods and two hypervariable
regions to probe the oral microbial diversity that
could retrieve better taxonomic relative abundance
of the microbes present in plaque and saliva sam-
ples.

MATERIALS AND METHODS

Sample collection

Three children of age 4–5 and two adults of age
29 and 28 from Qingdao, China were selected. A
total of 3 saliva and 2 plaque samples were obtained
individually from 3 children and 2 adults, respec-
tively; and the sampling was repeated four times to
get 4 replicates each of 5 samples. For 12 h before
sampling, both groups of subjects were prohibited
from any oral hygiene including tooth brushing,
flossing, and mouth rinsing. Unstimulated saliva
samples produced during 5 min were collected in
sterile tubes from the children. The plaque samples
from adults were collected using swabs. The swab
heads with cohering plaque were removed using
sterile scissors and washed several times in a 50 ml
tube with 10 ml sterile distilled water. All samples
were stored under the temperature of −20 °C until
DNA extraction experiment.

DNA extraction

Two DNA extraction methods using TIANamp
soil DNA extraction kit and TIANamp swab DNA
extraction kit (Tiangen biotech, Beijing) were
chosen (Table 1). Final DNA concentrations
were estimated by Qubit dsDNA HS assay kit
(ThermoFisher, Carlsbad, USA). Detailed steps
of the two DNA extraction methods followed
manufacturer’s procedures: soil extraction kit
(http://www.tiangen.com/asset/imsupload/
up0718754001433125246.pdf) and swab
extraction kit (http://www.tiangen.com/asset/
imsupload/up0968755001348195137.pdf).

TIANamp soil DNA extraction kit

Saliva samples (2 ml) or plaque samples (removed
the swab heads) were put to each tube. SA buffer
(750 µl) and 0.25 g of glass beads was added to
two microcentrifuge tubes. SC buffer (60 µl) was
added to the samples and mixed. After centrifuging
for 1 min, the two supernatants were transferred
to a new tube. Buffer HA (250 µl) was added and
mixed, then incubated at 4 °C for 5 min. After 1 min
centrifugation, the supernatants from the two tubes
were transferred to a new tube. Then incubated
at 4 °C for 5 min after adding 200 µl of Buffer HB,
centrifuged again for 1 min and buffer GF of 1200 µl
was added to the supernatants and mixed, then
700 µl solutions were transferred to a spin column
and centrifuged at 12 000 rpm for 30 s and the flow-
through was discarded. Buffer PWS (500 µl) was
added and centrifuged at 12 000 rpm and the flow
through was discarded. Then 500 µl of 70% ethanol
was added to the spin column and centrifuged at
12 000 rpm for 30 s. The flow through was dis-
carded and centrifuged at 12 000 rpm for 2 min. To
completely dry the residual washing buffer in the
columns, the spin columns were incubated at room
temperature (15–25 °C) for several minutes. After
placing the spin column to a new microcentrifuge
tube, 50–100 µl TE buffer was pipetted directly
to the centre of the membrane and incubated at
room temperature (15–25 °C) for 2–5 min. Then
centrifuged at 12 000 rpm for 2 min. and the flow-
through was collected in a microcentrifuge tube.

TIANamp swab DNA extraction kit

Saliva samples of 2 ml or plaque samples (removed
the swab heads) were put to each tube. GA buffer
(400 µl) was dispensed into two microcentrifuge
tubes. After that 20 µl Proteinase K was added and
mixed, then incubated at 56 °C for 60 min. For every
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Table 1 Extraction methods, primers, sample subjects, and sample type used in this study.

Extraction 16S Sample Sample Forward sequence Reverse sequence
method regions subject type

Swab-DNA V1–V3 Adult Plaque TGGAGAGTTTGATCCTGGCTCAG TACCGCGGCTGCTGGCAC
Child Saliva

Swab-DNA V3–V4 Adult Plaque GTACTCCTACGGGAGGCAGCA GTGGACTACHVGGGTWTCTAAT
Child Saliva

Soil-DNA V1–V3 Adult Plaque GGAGAGTTTGATCCTGGCTCAG TACCGCGGCTGCTGGCAC
Child Saliva

Soil-DNA V3–V4 Adult Plaque CCTACGGRRBGCASCAGKVRVGAAT GGACTACNVGGGTWTCTAATCC
Child Saliva

15 min, the tubes were vortexed. GB Buffer (400 µl)
was added and mixed for 15 s and incubated at 70 °C
for 60 min. To remove the drops inside the lid,
the tubes were centrifuged. To extract the lysate,
squeezing was done and the entire lysates were
transferred to a clean tube. After the centrifugation,
200 µl of 100% ethanol was added and mixed. The
entire lysates from the two tubes were transferred to
two spin column and centrifuged at 12 000 rpm for
30 s. GD buffer (500 µl) was added after discarding
the filtrates, centrifuged briefly at 12 000 rpm and
discarded the filtrate. PW buffer (600 µl) was added
and the filtrates were discarded. Then repeated this
step and centrifuged at 12 000 rpm for 2 min. After
discarding the filtrate, the spin columns were incu-
bated at room temperature (15–25 °C) for several
minutes to dry the membrane. TB buffer (50 µl)
was pipetted to the membrane centre after placing
the spin column in a microcentrifuge tube. Then,
kept the tube at room temperature for 2–5 min and
centrifuged at 12 000 rpm for 2 min.

Targeted 16S rRNA amplification

Amplicon libraries of two chosen hypervariable re-
gions including V1–V3 and V3–V4 in 16S rRNA
genes were prepared from individual extracted DNA
samples, and barcode sequenced using the 2×300
PE Illumina MiSeq platform [32] (Table 1).

Bioinformatics analysis

Qiime2 version 2020.6.0 was used for quality assess-
ment of raw reads [33]. The minimum and the max-
imum screen lengths were identified using a random
sampling of 10 000 out of 488 346 sequences with-
out replacement, and after sub-sampling we found
that the minimum base pair length is 240, and the
maximum is 600. MAFFT aligner was used to per-
form multiple sequence alignment [34]. Taxa were

assigned for each sequence through oral “CORE”
reference database [35]with a confidence threshold
of 80%. Microbial community diversities, including
α and β diversities, were analyzed at the OTU level.
Shannon, Simpson, Chao1, and Pielou’s diversity
indices, that measure richness and evenness, were
employed to estimate diversity within each of the ex-
perimental protocols above. For β diversity, Unifrac
unweighted measures were applied to assess the
dissimilarity in microbial diversity found in sample
subjects and sample types.

Statistical analysis

Wilcoxon test and False discovery rate (FDR) were
employed for pairwise comparison and p-value ad-
justment, respectively. To visualize the differences
between the extraction methods and 16S regions
and whether they show an effect in differentiat-
ing between the sample types, boxplots were cre-
ated based on unweighted unifrac along with PER-
MANOVA analysis and Wilcoxon test. To compare
the quantitative data in α and β diversity analyses,
the Kruskal-Wallis rank sum test was used with FDR
adjustment for pairwise comparisons.

RESULTS

In this study, plaque and saliva samples were ob-
tained from adults and children, respectively. We
compared the 16S rRNA sequencing results from
two DNA extraction procedures and two pairs of 16S
rRNA hypervariable regions (Table 1; Fig. 1a). A to-
tal of 20 replicates, 3 saliva samples (12 replicates)
and 2 plaque samples (8 replicates) were extracted
with respect to the 16S regions and the extraction
methods, which yielded inclusively 2 119 678 bac-
terial 16S rRNA gene sequences. After passing the
stringent quality control, 33 167 non-chimeric reads
per sample remained.
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Fig. 1 Workflow of the study design and DNA yield processed by the two DNA extraction methods. (a) Representation
of 3 saliva samples (12 replicates) and 2 plaque samples (8 replicates), repeated 4 times to get a total of 20 replicates
that were sequenced by two DNA extraction methods and followed by amplification of two 16S rRNA gene target
regions. 1A, 1B, 1C, 1D, and 1E represent the replicates used by soil extraction method; and 2A, 2B, 2C, 2D, and
2E represent the replicates used by swab extraction method. (b) Both DNA extraction methods produced high-quality
metagenomics DNA from the oral samples. Swab DNA extraction kit yielded the higher amount of metagenomic DNA
(p < 0.05, Wilcoxon signed rank test).

DNA concentrations significantly differ between
two extraction methods

The presence of metagenomic DNA was confirmed
by the application of gel electrophoresis. The
two DNA extraction methods produced high-quality
metagenomic DNA from both sample types. Pair-
wise comparison using Wilcoxon test showed sig-
nificant difference between the two DNA extraction
methods (p< 0.05, Fig. 1b). However, there was no
significant difference in terms of DNA concentration
from amplification of the two variable regions (p >
0.05).

Soil extraction method and ‘V1–V3’ 16S
hypervariable region significantly represent the
microbial diversity

To identify the microbiota features that are asso-
ciated with the extraction method and hypervari-
able regions, PERMANOVA analysis was conducted
in unweighted unifrac distance matrix (Fig. 2a).
The extraction methods and 16S regions exhib-
ited strong effects in oral microbiota structures
(PERMANOVA p < 0.05, F = 2.49, F = 1.86;)
(Fig. 2a, Table S2), but no significant effect was
seen in sample subjects and sample types. PCoA
plot was created through Bray-Curtis distance to
show the variation among DNA extraction methods
and 16S regions; and the results revealed that the
two extraction methods and the 16S regions had
significant variation among each other (p < 0.01,
Wilcoxon signed rank test) (Fig. S1), whereas both

extraction methods and 16S regions showed no
variation to distinguish the microbial structure in
different sample types (p = 0.8, Wilcoxon signed
rank test) (Fig. S1). Moreover, pairwise compari-
son between the two extraction methods and the
16S regions showed significant variance (Fig. 2b,
Table S2). Lower β-diversities were found in soil
extraction method and V1–V3 regions, suggesting
higher reproducibility of oral microbiota structure,
which confirms that the soil extraction method
along with V1–V3 hypervariable region is more
suitable for determining the best oral microbiome
structure.

The effect of both extraction methods and 16S
regions based on α-diversity was assessed by Shan-
non, Simpson, Chao1, and Pielou’s evenness indices.
Significant variance was observed between the two
extraction methods (p < 0.05, Kruskal-Wallis test;
Fig. 3), whereas 16S regions revealed no significant
difference in Simpson (p = 0.7, Kruskal-Wallis test;
Fig. 3), Chao1 (p = 0.4, Kruskal-Wallis test; Fig. 3),
Shannon (p = 0.4, Kruskal-Wallis test; Fig. 3), and
Pielou’s evenness indices (p = 0.5, Kruskal-Wallis
test). This confirms that the two extraction methods
have significant effect in determining species even-
ness, whereas the 16S regions have none.

β-diversity and α-diversity analyses confirmed
significant representation of microbial structure and
evenness in plaque and saliva by soil extraction
method with V1–V3 region. Permanova confirmed
the effect sizes of both extraction methods and
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Fig. 2 The major factors that affect the structure of oral bacteria. (a) The oral microbiome structure within and
between DNA extraction methods, hypervariable regions, sample types, and sample subjects. The extraction methods
(p < 0.001, F = 16.45, PERMANOVA) and 16S regions (F = 7.32, PERMANOVA) exhibited strong effects on the oral
microbial structures (p < 0.01, PERMANOVA), whereas sample types (p = 0.29, F = 1.05, PERMANOVA) and sample
subjects (p = 0.30, F = 1.05, PERMANOVA) showed no significant effects. (b) DNA extraction methods and regions
showed significant variance (p < 0.01, Wilcoxon signed rank test). Soil DNA extraction method and V1–V3 region
produced lower β-diversity, indicating higher reproducibility of oral microbiota structure (all p< 0.01, Wilcoxon signed
rank test).

16S regions. Lower β-diversity indicated the re-
producibility of the experimental procedures, and
species evenness is confirmed by Shannon, Simpson,
and Chao1 indices.

Soil extraction method significantly identifies
abundant microbial profiles

Taxonomic compositions in plaque and saliva sam-
ples were analyzed to determine the efficiency of
the experimental procedures for the identification
of different species at OTU level. Microbes with
relative abundance less than 0.0001 were discarded
as a stringent threshold to screen the less abundant
taxonomic profiles. Total number of reported phyla
(Fig. 4a), genera (Fig. 4b), and species (Fig. 5a)
were 10, 65, and 118, respectively. Pairwise com-
parisons between the two extraction methods and
the 16S hypervariable regions, illustrated by a heat
map, were to explore the variation in taxonomical
relative abundances of species. Both, extraction
methods and hypervariable regions were able to
identify similar species in plaque and saliva; how-
ever, relative taxonomical abundance reported by
the extraction methods and 16S hypervariable re-
gions showed significant difference between each
other (Kruskal-Wallis, p < 0.001; Fig. 5a).

The species identified by soil DNA extraction
method with the hypervariable region V1–V3 were
L. mirabilis (17.44%) and bacterium_HMT_348

(17.47%) (Fig. 5a), and with V3–V4 were
L. mirabilis (13.3%) and L. mirabilis (4.22%)
(Fig. 5a). The highly abundant species reported
by swab DNA extraction method with V1–V3
hypervariable region in plaque and saliva were
A. HMT_473 (21%) and S. bacterium_HMT_348
(10.67%) (Fig. 5a), and with V3–V4 were
A. HMT_473 (7.70%) and P. pasteri (9.41%)
(Fig. 5a).

The overall species abundance represented by
soil DNA extraction method with the hypervari-
able region V1–V3 was higher, and the reported
taxonomical profiles in plaque and saliva samples
were consistent and abundant. Therefore, soil DNA
extraction method together with the hypervariable
region V1–V3 is capable of identifying high abun-
dant as well as low abundant taxa from plaque and
saliva.

16S hypervariable region ‘V1–V3’ is superior to
‘V3–V4’ in probing the microbial diversity

Soil DNA extraction method produced the max-
imum taxonomical relative abundance in plaque
and saliva sample types. To detect the unique
(unshared) and common (shared) species in both
sample types, hypervariable regions V1–V3 and V3–
V4 were further investigated. We categorized the
unique (unshared) and common (shared) species
in such a way that, out of the 20 samples if a
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Fig. 3 The effect of species richness and evenness observed between extraction methods and 16S regions. Box plots
represent α-diversity based on variance in species evenness. Significant variance was observed between the two
extraction methods (p < 0.01, Kruskal-Wallis test), whereas no significant difference between the two hypervariable
regions was found in all the four indices of Simpson (p = 0.7, Kruskal-Wallis test), Shannon (p = 0.4, Kruskal-Wallis
test), Chao1 (p = 0.4, Kruskal-Wallis test), and Pielou’s (p = 0.5, Kruskal-Wallis test).

species is present only in one sample type, it is
considered as a unique (unshared) species; and if
a species is present in both sample types, then it
is considered as a common (shared) species. Pair-
wise comparison between the hypervariable regions
was conducted to assess the variance seen in the
abundance showed by the two regions. Both hyper-
variable regions showed similar bacterial profiles;
however, there was a significant difference in the
relative abundance (p < 0.05, Wilcoxon test). Both
regions identified a total of 115 species, in which 99
common (shared) species were found in plaque and
saliva. V1–V3 region detected 28 unique (unshared)
species in plaque, 8 unique (unshared) species in

saliva, and 45 common (shared) species (Fig. S2).
Similarly, V3–V4 region detected 30 unique (un-
shared) species from saliva, 13 unique (unshared)
species from plaque, and 54 common (shared)
species (Fig. S2). The identified species using V1–
V3 region were more taxonomically abundant, and
the V3–V4 region reported higher number of unique
species. For instance, the highest abundant unique
species represented by both regions in plaque sam-
ple was L. mirabilis. But the relative abundance of
this species varied in V1–V3 and V3–V4 regions were
17% and 13%, respectively (Fig. 5b). The highest
abundant unique species identified by the V1–V3
and V3–V4 regions in plaque were O. HMT_894
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Fig. 4 Heat map showing relative abundance of 10 phyla and 65 genera. Extraction methods and hypervariable regions
showed significant difference representing the microbial compositions at phylum and genus level. Soil extraction
method with V1–V3 region produced the highest relative abundance represented by all taxa (p< 0.05, Wilcoxon signed
rank test): (a) phyla detected from plaque and saliva samples; (b) genera detected from plaque and saliva samples.

(1.43%) and P. nigrescens (1.11%), respectively; and
in saliva were G. elegans (1.4%) and L. HMT_221
(0.69%), respectively (Fig. 5b). This depicts that
species abundance identified by the hypervariable
region V1–V3 is superior to the V3–V4 region.
Therefore, hypervariable region V1–V3 is consid-
ered a suitable choice for identifying abundant oral
microbial profile in plaque and saliva.

DISCUSSION

An accurate description of oral microbial commu-
nity is a necessity to get a detailed idea about the

influence of oral microbiome in health and disease.
Many characteristics of microbes, such as the struc-
ture of cell wall and physiological state of cells,
can affect the experimental procedures conducted to
extract DNA and cause biased results, specifically in
phylogenetic studies of microbes [36]. To the best of
our knowledge, these DNA extraction methods have
never been used for oral microbial diversity studies.
Here, in order to characterize the possible bias-
generating steps in the experimental procedures and
to disparagingly assess data quality, we examined
potential sources of variation from DNA extraction
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Fig. 5 Microbial relative abundance represented at species level by extraction methods. (a) Extraction methods and
hypervariable regions showed significant difference representing the microbial diversities at species level. Each colour
key represents a taxon obtained from the metagenomic samples. Soil extraction method with V1–V3 region produced
the highest relative abundance represented by all taxa (p < 0.05, Kruskal-Wallis test). (b) Soil extraction method was
tested separately with the two hypervariable regions, and top 35 bacterial profiles were generated. Both V1–V3 and
V3–V4 hypervariable regions detected unique taxa from both sample types. However, V1–V3 region with soil extraction
method reported the highest relative abundances of common bacterial species, and V3–V4 reported more unique species
than V1–V3 (Wilcoxon test, p < 0.05).
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methods and targeted 16S rRNA hypervariable re-
gions to determine the nature and magnitude of
their impacts on oral microbiome diversity profiling
in plaque and saliva.

A primary concern with recent experimental
procedures in microbiota profiling was how to quan-
titatively assess the sources of variation. Our re-
sults implicated that experimental procedures con-
tributed up to 98% variation of the microbiota struc-
tures. DNA extraction method was the main source
of variation (F = 16.45), which was contradicting
by the hypervariable region (F = 7.32) results. This
result was in agreement with previously reported
studies, i.e., the final DNA yield and sequencing re-
sults were greatly influenced by the DNA extraction
procedures [37]. In our study, we found that both
extraction methods offered acceptable, yet varied
results, in the extraction of metagenomic DNA from
plaque and saliva samples. Notably, our results
were in agreement with previous study that detected
phyla, genera and species from both plaque and
saliva [38]. This implicates the crucial role of
DNA extraction methods in defining the variation of
microbiota structures in different niches.

In previous studies, various targeted 16S hy-
pervariable regions exhibited different degrees of
variability and attributed that no individual hyper-
variable region by itself can differentiate all known
microbial progenies [19]. Therefore, the choice
of hypervariable regions affects the estimation of
microbial diversity during microbiome sequencing.
Moreover, considerable variations among targeted
16S rRNA gene regions have been documented by
previous studies [20], yet no agreement with the
16S hypervariable regions was established. As pre-
viously reported [39] and confirmed in this study,
selection of hypervariable region had a significant
impact on the microbial structure, while its impact
was relatively minor as compared with the DNA
extraction methods. Although our experimental
results exhibited ambiguity in the choice of hy-
pervariable regions, we found that V1–V3 region
seemed to produce more reproducible results than
V3–V4, which is consistent with studies on taxonom-
ical profiling of bacteria [40]. However, specula-
tion of these conclusions to different oral bacteria
studies will require further assessment in exper-
imental design and sample collection techniques,
as while 16S regions exhibited different degrees of
variability among species [39]. Moreover, selec-
tion of hypervariable regions produced no obvious
variations on the species evenness, as represented
by α-diversity index value, though showed varying

effect in β-diversity. The selection of a hypervariable
region, which is suitable and optimal, is of great
importance, specifically when the aim is to track
differences across sampling sites, time scales, or to
compare results obtained from different laborato-
ries.

On a similar context, Lerma et al [41] identified
differences in bacterial community structure in soil
and saliva samples that focused only in different
16S-rRNA regions, such as V1–V3, V3–V4, V4–V5,
and V6–V8. Variations in microbial structure pro-
duced by different 16S regions were different in
saliva and soil samples. In soil samples, V1–V3, V3–
V4, and V6–V8 regions similarly detected the most
abundant phyla, but V4–V5 differed. In addition,
V4–V5 domain was biased towards the detection
of various abundant phyla. In the current study,
we mainly focused on the identification of different
bacterial community in plaque and saliva samples
using both 16S-rRNA regions (V1–V3 and V3–V4)
and DNA extraction methods (soil and swab extrac-
tion kits). We found through PERMANOVA anal-
ysis that DNA extraction methods showed higher
correlation factor and effect size in representing
microbial structure, whereas 16S-rRNA regions had
a minimal effect in the representation of microbial
structure in both saliva and plaque samples. Our
results are in agreement with the study conducted
by Lerma et al where the results showed that 16S
regions had no effect in saliva samples. In our
study, we found that V1–V3 region produced more
reproducible results than V3–V4, which was again in
accordance with the study by Lerma et al showing
that V1–V3 region detected the highest number of
genera in soil and saliva samples, and it was the
only one that detected the template DNA from all
members in mock community.

As our sample selection was only limited to
Chinese citizens, assessment of our study in de-
termining the optimal choice of extraction method
and the hypervariable region is confined within the
evaluated samples. Necessary precautions should
be maintained if these methods are to be introduced
into other oral microbiome-based studies.

Appendix A. Supplementary data

Supplementary data associated with this arti-
cle can be found at http://dx.doi.org/10.2306/
scienceasia1513-1874.2021.073.
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Appendix A. Supplementary data
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Fig. S1 PCoA plot using the UniFrac Unweighted distance matrix was created to show the variation among extraction
methods and 16S hypervariable regions. DNA extraction methods and 16S hypervariable regions showed significant
variance (p < 0.01, Wilcoxon signed rank test) among each other, whereas no variation was found between the
extraction methods and hypervariable regions among different sample types (p = 0.29, Wilcoxon signed rank test)
and sample subjects (p = 0.30, Wilcoxon signed rank test). PCoA showed that the distance between both extraction
methods was higher and clustered to group separately, whereas the distance revealed by 16S regions were shorter and
tended to group among themselves showing minimal difference between each other.

Table S1 Raw, filtered, denoised, merged, and non-chimeric reads.

Sample ID Raw Filtered Denoised Merged Non-chimeric

GSX_4_V1_V3_Soil 223408 30722 30722 26265 23858
HYX_4_V1_V3_Soil 61349 13584 13584 12236 11224
S_4_V1_V3_Soil 64686 16245 16245 12649 11080
Z_4_V1_V3_Soil 70728 15953 15953 13513 12886
ZJ_4_V1_V3_Soil 68175 18025 18025 16427 15430
GSX_4_V3_V4_Soil 219596 154176 154176 149583 106425
HYX_4_V3_V4_Soil 245936 176116 176116 172443 127476
S_4_V3_V4_Soil 188207 134584 134584 124119 87811
Z_4_V3_V4_Soil 222335 158220 158220 154226 108398
ZJ_4_V3_V4_Soil 187699 125998 125998 121901 91452
GSX_1_V1V3a_Swab 56518 8355 8355 5440 4348
HYX_1_V1V3a_Swab 81837 35702 35702 28539 15735
S_1_V1V3a_Swab 80649 33869 33869 26077 13593
Z_1_V1V3a_Swab 41293 6450 6450 4231 3236
ZJ_1_V1V3a_Swab 42945 7062 7062 5083 4622
GSX_1_V3V4_Swab 55978 15903 15903 12703 7030
HYX_1_V3V4_Swab 48225 4939 4939 3455 2199
S_1_V3V4_Swab 61199 6705 6705 4598 2868
Z_1_V3V4_Swab 48345 15407 15407 11914 6944
ZJ_1_V3V4_Swab 50570 14234 14234 12023 6719
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Fig. S2 Microbial relative abundance of all identified genera represented at species level by extraction methods. Soil
extraction method was tested separately with the two hypervariable regions, and a total of 115 bacterial profiles were
generated. V1–V3 region with soil extraction method reported the highest relative abundances of common bacterial
species, while V3–V4 reported more unique species than V1–V3 (Wilcoxon test, p < 0.05).

Table S2 Permanova analyses for extraction methods, regions, sample types, and sample subjects.

PERMANOVA analysis Df SumOfSqs R2 F Pr (>F)

Extraction methods 1 0.17570 0.0805 16.450 0.001***

Regions 1 0.08190 0.0375 7.327 0.011*

Sample type 1 0.01221 0.0056 1.057 0.290
Sample subjects 1 0.01221 0.0056 1.057 0.306
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