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Abstract

Objective

The aim of this study was to examine the influence of various time intervals on the composi-

tion of the supragingival plaque microbiome, especially the dynamic core microbiome, and

to find a suitable observation interval for further studies on oral microbiota.

Methods and Materials

Eight qualified volunteers whose respective age ranges from 25 to 28 years participated in

the present study. The supragingival plaque was collected from the buccogingival surface

of the maxillary first molar at eight time slots with different intervals (day 0, 1 day, 3 days, 1

week, 2 weeks, 3 weeks, 1 month, and 3 months). Bioinformatic analyses was performed

based on 16S rDNA pyrosequencing (454 sequencing platform) targeting at the hypervari-

able V4–V5 region, in order to assess the diversity and variation of the supragingival

plaque microbiome.

Results

A total of 359,565 qualified reads for 64 samples were generated for subsequent analyses,

which represents 8,452 operational taxonomic units identified at 3% dissimilarity. The dy-

namic core microbiome detected in the current study included five phyla, 12 genera and 13

species. At the genus level, the relative abundance of bacterial communities under the “1

day,” “1 month,” and “3 months” intervals was clustered into sub-category. At the species

level, the number of overlapping species remained stable between the “1 month” and “3

months” intervals, whereas the number of dynamic core species became stable within only

1 week.

Conclusions

This study emphasized the impact of different time intervals (days, weeks and months) on

the composition, commonality and diversity of the supragingival microbiome. The analyses
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found that for various types of studies, the time interval of a month is more suitable for ob-

serving the general composition of the supragingival microbiome, and that a week is better

for observing the dynamic core microbiome.

Introduction
The oral cavity of humans is colonized by an enormous number of microorganisms that may
include at least 700 species [1]. With the advent of innovative technology, especially the next
generation sequencing platform, more and more bacterial phylotypes have been revealed in
oral microbial communities, and the observed number of species has undergone upward ad-
justment [2,3]. Thus, it is not surprising that the composition and variation of oral microbiota
is of profound importance for human health and physiology [4]. A better understanding of this
complex micro-ecosystem is essential to guide intervention in the microflora and disease pre-
vention [5,6].

Due to the inter- and intra-individual complexities of oral microbiota, studies on oral
microbiota tend to focus on “microbial commonality,” which refers to the “core microbiome”,
a fundamental issue raised by human microbiome projects. Generally, the term “core micro-
biome” is defined as the set of microbial operational taxonomic units (“OTUs”) that are shared
among microbial assemblages associated with a particular habitat (e.g. the oral cavity), and
present in all or the vast majority of humans [7,8]. An analysis of the oral microbiome in multi-
ple sites from three adults, using 454 pyrosequencing, revealed a large overlap in species-level
phylotypes and unique sequences among them, and the “shared OTUs” contributed to 94% of
the sequences [3]. Another study on salivary microbiota from five individuals revealed eight
genera that were shared by all individuals at all time slots, and comprised the “core taxa” [9].
Further studies of the oral microbiota confirmed the existence and general composition of the
core microbiome [10,11]. It is increasingly recognized that the core microbiomes (or “core
taxa”, “common taxa”, “shared OTUs”, etc.) may be critical to the ecosystem function of the
community within the oral cavity, and play an important role in the maintenance of health.

The characterization and evaluation of the core microbiome require the application of eco-
logical theory and bioinformatic analysis, and the fact that there are various definitions of core
microbiome adds to its complication. As mentioned above, the most typical approach used to
define a core is to find the overlap of microbial communities from different subjects based on
OTU occurrences, which results in a Venn diagram [12,13]. Fundamentally speaking, the “core
microbiome” is composed of shared microbial members and reflects the commonality of com-
munities. Because of the ubiquity of the core microbiome, exploration of this population is im-
portant for understanding the stable and complex micro-ecosystem in the oral cavity. Defining
the core is the first step in uncovering the healthy community, and will further establish a uni-
versal standard for the line between health and disease.

As mentioned above, the “core microbiome” is a bacterial community shared by all subjects
without taking time as a factor into consideration. However, some investigators have reported
that time can be a factor that influences the composition of the micro-ecosystem [8]. Thus, the
term “dynamic core” was introduced in the current study to investigate the influence of various
time intervals on the supragingival plaque microbiota. Dynamic core microbiota is defined as
an assembly of bacteria existing at every sampling time of each individual. In other words, dy-
namic core could be understood as the core microbiome relating to the time series. A similar
definition was employed previously by Lazarevic et al. [9]. They analyzed the saliva samples
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from five adults at three time slots across 29 days, and found that the bacterial composition
was stable within at least 5 days. However, the time span and the intervals they set were still
limited. For the purpose of observing the effect of various time intervals on the bacterial com-
munities, and of finding a more stable dynamic core, time intervals set in this study ranged
from days (day 0, 1 day, 2 days), weeks (1 week, 2 weeks, 3 weeks) to months (1 month, 3
months). Determining a suitable time boundary for observing the supragingival plaque micro-
biome is highly significant. This will guide further studies on the microbiome difference be-
tween health and disease. In addition, unnecessary extension of the observation time will
increase the cost of the project, complicate the sampling process, and reduce the compliance of
participants over a long time period. Extending the time will also result in missing the optimal
opportunity for intervention and treatment.

Materials and Methods

Enrollment of subjects
The study was approved by the ethics committee of Shanghai Jiao Tong University, and written
informed consent was obtained from all participants before enrollment. Eight healthy Chinese
adults, including four males and four females, participated in the study. All the participants,
whose respective age ranged from 25 to 28 years, were postgraduate students boarding at the
College of Medicine of Shanghai Jiao Tong University for at least 1 year, eating in the school
canteen and having the same oral hygiene habits (including brushing teeth twice a day). Exclu-
sion criteria included (i) the presence of carious maxillary first molars or any untreated cavitat-
ed carious lesions and oral abscesses, (ii) periodontal disease or periodontal pockets> = 4 mm,
(iii) clinically meaningful halitosis as determined by the organoleptic assessment of an experi-
enced clinician, (iv) the use of antibiotics within 3 months before the study, (v) previous diag-
nosis of Sjogren’s syndrome or any disease characterized by xerostomia, (vi) inability to
maintain oral hygiene during the study, (vii) the habits of smoking or drinking, and (viii) any
other disease affecting oral health status or systemic health status.

Sample collection
For each of the eight subjects, supragingival plaque samples were collected at eight time slots
within 3 months, which were labeled by the time duration (day 0, 1 day, 3 days, 1 week, 2
weeks, 3 weeks, 1 month and 3 months) according to the methods mentioned in the Manual of
Procedures for the Human Microbiome Project (http://hmpdacc.org/tools_protocols/tools_
protocols.php). Supragingival plaque samples were obtained by a sterile Gracey curette from
the buccogingival surface of maxillary first molars after the site had been isolated with cotton
and dried. Repetitious scraping of the same site was necessary for obtaining a sufficient amount
of specimen. The collected plaque sample was released from the curette by agitation in 300 μL
TE buffer [10 mmol/L Tris-HCl (pH 7.5) and 1 mmol/L ethylene diaminetetraacetic acid]. All
samples were immediately transported on ice to the laboratory for DNA extraction.

DNA Extraction and Pyrosequencing Analysis
The samples were lysed in a Mini-Beadbeater-16 (Biospec Products, Bartlesville, OK, USA) ac-
cording to the manufacturer’s instructions. The total genomic DNA was obtained from the ly-
sate using a Bacterial Genomic DNA Extraction Kit (QIAGEN, Valencia, CA, USA). All DNA
was stored at −20 °C before further analysis. Polymerase chain reaction (“PCR”) amplification
of the 16S rDNA hypervariable V4–V5 region [12] was carried out using the forward primer,
515F: (50-GTG CCA GCMGCC GCG GTA A-30) and the reverse primer, 926R: (30- CCG TCA
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ATT YYT TTR AGT TT-50). The 454 GS FLX Adaptor A (forward) and Adaptor B (reverse)
were contained in the primer. An 8-base unique barcode sequence was added to each forward
primer as an identifier for sequences from the different samples. The PCR program started
with an initial denaturation for 5 minutes at 95 °C, followed by 30 cycles of denaturation (30 s
at 94 °C), annealing (30 s at 56 °C), extension (30 s at 72 °C) and thereafter ended with an ex-
tension (10 min at 72 °C). Emulsion PCR and pyrosequencing were performed with standard
Roche 454 GS-FLX recommendations. A pyrogram was used to identify raw sequences by de-
tecting the signal peak. Sequences that were less than 200 bp, containing ambiguous bases or
homopolymeric stretches, had a low quality score (< 25), and, if identified as a chimeric arti-
fact, were discarded after removing the primer sequences and 8-bp barcodes. The qualified se-
quences were submitted to the SILVA database (SILVA 106; http://www.arbsilva.de) for
taxonomic analysis. MOTHUR (version 1.25.1; http://www.mothur.org/) was applied to gener-
ate the OTUs and OTU rarefaction curves. Community richness and diversity indices (ACE,
Chao1, Good’s coverage, Shannon–Wiener and Simpson diversity indices) were also deter-
mined at the 3% dissimilarity by the MOTHUR program. Statistical analysis was performed by
the SAS Statistical Analysis System (version 8.02; SAS Institute Inc., USA). The rarefaction
curve was generated by the QIIME toolkit (http://qiime.org/) [14]. Heatmap was created in
MATLAB by the clustergram process (version 7.12.0; MathWorks Inc., USA).

Sequence Deposition
Sequences were deposited in the NCBI sequence read archive (http://www.ncbi.nlm.nih.gov/
Traces/sra/) under accession number SRP049987.

Results

Overall sequence data
A total of 359,565 reads for 64 supragingival plaque samples were generated by high-through-
put sequencing. The average number of sequences observed for each individual at one sam-
pling time was 5618 per sample (SD = 923.8) and the mean length per read ranged from 354 to
367 bp (SD = 3.2). After blasting to the SILVA database, 8452 OTUs were identified at 3% se-
quence dissimilarity. The average number of observed OTUs, Shannon–Wiener, Simpson
index, ACE and Chao1 richness estimators at each sampling time during the 3 months are
summarized in Table 1, and represent the quantitative assessment indices of the diversity and
richness of the bacterial communities. All the applicable values in Table 1 were averaged by
eight subjects.

Rarefaction curves in Fig 1 profiled the correlation of the average number of sequences sam-
pled and the OTUs observed across eight time intervals (day 0, 1 day, 3 days, 1 week, 2 weeks, 3
weeks, 1 month and 3 months) at a 3% cutoff (S1 Table). The 3% cutoff was generally used in
the current study for species-level analysis, whereas a 5% threshold was also accepted for
higher-level analysis [15]. At a 3% dissimilarity level, the average number of OTUs observed
was 1008 ± 203.2, as compared to the average number of OTUs of 637 ± 133.9 obtained at
5% level.

Richness and diversities of dynamic core microbiota
At the phylum level, after 16S rDNA sequencing, 359,565 reads from plaque resources were
generated, identified and classified into 27 phyla. Among them, the core bacterial communities
comprised nine phyla. However, only five phyla subsisted over time and qualified to be the dy-
namic core phyla, representing a 92.72% relative abundance. These microbiota were
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Actinobacteria, Proteobacteria, Firmicutes, Bacteroidetes and Fusobacteria. The different color
blocks in Fig 2 illustrated the subsistence of the phyla across various time intervals. Briefly, if a
phylum could be detected at one time slot, the corresponding color block would be obtained.
The data for Fig 2 was a pool of all the eight participants. The five dynamic phyla core illustrat-
ed by the blue blocks were common in all the subjects across the different intervals. The red
blocks were the phyla common in all subjects but not across all the time periods. Thus, the four
phyla (indicated by red blocks) and the five phyla (indicated by blue blocks) that common in
all the eight subjects constituted the core phyla. The other eighteen phyla (totally 27 phyla) that
failed to be found in all subjects were marked by green blocks. They were transient phyla (S2
Table). Fig 3 demonstrated the relative abundance of the five dynamic phyla core at each time
slot. To facilitate comparison, the percentage data in the figure was scaled up to 100%. Actino-
bacteria was the overwhelming phylum found in the majority of time intervals. In fact, five
phyla represented an average of 92.72% of relative abundance, which was dominated by

Table 1. Average number of observed OTUs, Shannon and Simpson diversity indices, richness estimators (ACE and Chao1) and phylotype cover-
age of supragingival plaque bacterial communities across different time intervals.

Time duration OTUs ACE Chao 1 Shannon Simpson Coverage

Day 0 1165 4005 2586 5.49 0.01576 0.877

1 Day 1151 3985 2573 5.50 0.01531 0.875

3 Days 1158 4109 2609 5.51 0.01531 0.873

1 Week 1186 4177 2646 5.54 0.01464 0.872

2 Weeks 1186 4095 2607 5.56 0.01452 0.875

3 Weeks 1150 3975 2527 5.48 0.01593 0.879

1 Month 1129 3862 2467 5.46 0.01590 0.882

3 Months 1134 3824 2455 5.46 0.01563 0.885

All the applicable values were averaged by eight subjects.

doi:10.1371/journal.pone.0124631.t001

Fig 1. The rarefaction curves for different time intervals. The relationship between the number of OTUs
observed and the average number of sequences sampled over eight sampling times (day 0, 1 day, 3 days, 1
week, 2 weeks, 3 weeks, 1 month and 3 months) are profiled by the rarefaction curves (0.03 dissimilarity
level).

doi:10.1371/journal.pone.0124631.g001
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Fig 2. Existence of 27 phyla at each sampling time.Data given in the figure are a pool of eight subjects.
3M, 3months; 1M, 1 month; 3W, 3 weeks; 2W, 2 weeks; 1W, 1 week; 3D, 3 days; 1D, 1 day; D0, day 0.
Corresponding color block would be obtained if a phylum was detected at each time slot. The five dynamic
phyla core illustrated by the blue blocks are common in all the subjects across the different intervals. The red
blocks are the phyla common in all subjects but not across all the time periods. The four phyla (indicated by
red blocks) and the five phyla (indicated by blue blocks) that common in all the eight subjects constitute the
core phyla. The other 18 phyla that are failed to be found in all subjects are marked by green blocks. They are
transient phyla.

doi:10.1371/journal.pone.0124631.g002
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Actinobacteria (25.18%), and followed by Proteobacteria (19.42%), Firmicutes (17.79%), Bac-
teroidetes (17.65%), as well as Fusobacteria (12.69%).

At the genus level, after removing the unclassified sequences, 405 various genera from
supragingival plaque bacterial communities were observed. Among them, 65 different genera
were common in all subjects, but only 12 taxa were obtained in every time period over 3
months. This was designated as the dynamic genera core. Fig 4 was a heatmap that uses the
gradual changing colors to describe the change in the relative abundance through time by gen-
era that had a> 1% relative abundance. A clustergram process could be used to describe the
similarity among the samples based on the distance. If the bacterial composition of the two
time slots were very similar, they would be clustered into one sub-category. As demonstrated
in Fig 4, it could be observed that among the three different levels of time interval (day, week
and month), the time duration of “1 month” and “3 months” were in one sub-category (blue
color) at the genus level. Referring to the heatmap in Fig 4, the 12 dynamic genera core were
dominated by Corynebacterium (10.80%), Capnocytophaga (9.09%), Neisseria (8.67%), Para-
scardovia (8.34%), Rothia (8.28%), Fusobacterium (7.66%), Streptococcus (7.42%), Leptotrichia
(4.94%), Prevotella (4.86%), Veillonella (4.82%), Lautropia (1.7%) and Cardiobacterium (1.5%),

Fig 3. The relative abundance of dynamic core phyla. The relative abundance of five dynamic core
microbiomes over eight time slots. The data calculated in the figure were scaled up to 100%. 3M, 3months;
1M, 1 month; 3W, 3 weeks; 2W, 2 weeks; 1W, 1 week; 3D, 3 days; 1D, 1 day; D0, day 0.

doi:10.1371/journal.pone.0124631.g003

Fig 4. Heatmap of 48 genera across eight sampling times. The relative abundance of 48 predominant
genera demonstrated by the change in color. Each column represents the number of sequences of the
corresponding genus. The tree at the top was generated by the Clustergram process (Matlab) that is used to
cluster the time points with similar bacterial composition.

doi:10.1371/journal.pone.0124631.g004
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all of which were consistently part of the relative abundance (overall 78.08%) manifested by the
darker colors.

Comparison of remaining OTUs across various time intervals between
overlapping species and dynamic core species
At the species level, 8452 OTUs were found at the 0.03 cutoff. There was a dramatic decrease in
the number of overlapping species as a function of time (Fig 5A). The rate of decrease was the
greatest during the first 3 days. In terms of days, the number of overlapping species decreased
from 246 (SD = 37.2) at day one to 156 (SD = 31.4) at day three; in terms of weeks, overlapping
number of species remained at 113 (SD = 16.6) as at the end of the first week, slightly declined
to 95 (SD = 13.3) as at the end of the second week and further decreased to 85 (SD = 12.2) as at
the end of the third week; whereas in terms of months, overlapping number of species slightly
decreased from 77 (SD = 11.6) as at the end of the first month to 69 (SD = 14.7) as at the end of
the third month, representing a steady level. It is worth noting that there were statistically sig-
nificant differences between any two time slots (p< 0.05), except for “subsistence for 1 month”
and “subsistence for 3 months” (p> 0.05).

However, the dynamic core species (Fig 5B) were comparatively stable throughout various
time intervals (days, weeks to months). Forty-six core species were detected at the first sam-
pling time (day 0). Twenty-five core species were common at 1 day, and 19 were common at 3
days. At the 1 week time slot, the number of core species dropped to 13, and remained the
same at 2 weeks, 3 weeks, 1 month and 3 months. These 13 dynamic core species, which sub-
sisted for 1 month comprised 0.15% of all species detected, but represented a relative abun-
dance of 47.63%. Among them, 11 species had� 1% relative abundance over at least one time
slot, and the other two species (Lautropia and Cardiobacterium) had a very low relative abun-
dance (less than 0.5% relative abundance).

Discussion
The oral cavity contains one of the most diverse microbiomes in the human body. In the oral
cavity, plaque and saliva are the repositories of oral microbes, including viruses, fungi, proto-
zoa, archaea and bacteria and these microorganism constitute a micro-ecosystem [16,17]. In
the healthy state, the micro-ecosystem is balanced; but it can change dramatically in some ex-
treme situations, including head-and-neck radiotherapy [11,18], and AIDS [19]. The change
could result in numerous oral diseases, the most common ones being oral malodor [20], dental

Fig 5. (a) The number of overlapping species observed at each time duration over 3 months. The horizontal
axis represents the time duration. The number of overlapping species decreases quickly among the time
interval of days and weeks. No significant differences can be observed over one month (marked by the
arrow). (b) The number of dynamic core species across each time interval. The number of the dynamic core
species decrease quickly for the first 3 days and become steady (13 dynamic core species) over one week
(marked by the arrow).

doi:10.1371/journal.pone.0124631.g005
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caries [21,22], gingivitis and periodontitis [23]. Moreover, systemic status, such as leukemia,
has significant impact on the structure of oral microbiome as well [24]. Therefore, as a contri-
bution to further studies, it is vital to establish a framework of oral bacterial communities for
healthy populations.

In recent studies, scientists observed that the oral cavity is a highly heterogeneous ecological
system containing distinct niches with significantly different microbial communities. In other
words, bacterial communities in oral cavity are site-specific. Xin Xu et al [25] collected the sali-
va, supragingival dental plaque and buccal swabs from 66 healthy Han ethnicity people and ob-
served that the largest number of OTUs can be detected in supragingival plaque (13333
OTUs). Proteobacteria, Firmicutes, Fusobacteria, Bacteroidetes were richly represented in
supragingival plaque compared with that in saliva and mucosa. However, the current study fo-
cused on the various time interval as a main variable, which was likely to impact on the compo-
sition of dynamic core microbiome of supragingival plaque among healthy individuals. For the
purpose of controlling other variables that might influence the observation, supragingival pla-
que samples were unified collected from the buccogingival surface of maxillary first molars in
this study.

The “core microbiome” is considered to be the essential part for comprehending the oral
microecosystem [5]. Egija Zaura et al. [3] obtained the first insight into the “core microbiome”
among three healthy subjects by high-throughput DNA sequencing techniques, and argued
that the “core microbiome” plays a vital role in maintaining a healthy status, diagnosing and
treating diseases at an early and reversible stage. Consequently, much effort has been put into
defining the core microbiome from different sites in the oral cavity for people of various races,
ages and health statuses [16,26]. However, to our knowledge, few studies have focused on the
change of the core microbiome composition over time. Thus, to avoid the interference from
transient bacterial communities, observing a stable microbiome over a period of months was
required. Longer observation periods would not be beneficial for a timely and effective diagno-
sis, intervention and cure of the disease.

The various time intervals considered in this research have established the decrease in the
number of overlapping species and the number of dynamic core microbiome. (Fig 5) The over-
lapping species refer to the species that not only exist at the current time slots but also the pre-
vious time slots. The overlapping species calculated for the time duration of “1 day” have to be
detected on both “day 0” and “1 day”; the species for “3 days” are shared by “day 0, 1 day and 3
days”. Briefly, calculating the overlapping species is an effective way to observe the subsistence
of bacterial communities in the oral cavity. Different from the definition of overlapping species,
the dynamic core requires that the species be shared by all subjects. Whether calculating the
number of overlapping species or the dynamic core, the purpose is to disregard the transient
bacteria as much as possible, and consider only the most stable and vital composition of bacte-
ria communities [27,28]. The decline in the overlapping species was distinct across days, weeks
and months. Fig 5B demonstrates that the most rapid decline was obtained between the time
interval of “1 day” and “3 days.” At longer time intervals, (1 week, 2 weeks and 3 weeks) the
number of overlapping species appeared stable, but significant differences could still be found.
Even over the longer intervals of “1 month” and “3 months”, no significant differences were
found. This implies that intervals of days and weeks are not enough to eliminate the contribu-
tion of transient bacteria to the overlapping species; a period of 1 month appeared to be
more suitable.

As set forth in Fig 5B, the dynamic core microbiome demonstrated a sharp decline in terms
of days, indicating a variation curve similar to that of the number of overlapping species; how-
ever, in terms of weeks and months, the number of the dynamic core species was steady. Thir-
teen species comprised the dynamic core species. This suggests that weeks can be selected as an
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observation boundary for the dynamic core species. The disparity of the observation time inter-
vals between the overlapping species and dynamic core species might be the result of the varia-
tion of the observed objects. Overlapping species contain not only the common species, but
also individual-special species. The dynamic core species is a part of the overlapping species.
The composition of overlapping species can better reflect the overall composition of the oral
bacterial communities, but it is influenced heavily by the sample size and individual differences.
Thus, compared to the dynamic core, the overlapping species need a longer observation time
interval (month) to render a more precise and stable observation of bacterial communities. By
contrast, the dynamic core species shared by all individuals at all time slots constantly had a
high relative abundance and was not affected appreciably by the transient bacteria. The interval
of a week is sufficient to observe stable dynamic core species. Furthermore, this indicates that
the dynamic core bacterial communities are an essential part of the oral bacterial microbiota,
which fluctuates slightly with time, protecting the oral health from caries [29], periodontitis
[30,31] and other oral diseases [32].

The composition of oral bacterial communities observed both in quantity and of relative
abundance differed depending on the time interval of observation. A significant decrease in the
overlapping species was found between any two sampling times, except for the 1 month and 3
month time slots (Fig 5). Thus, 1 month is a boundary for the detection of overlapping species.
Most of the common species identified were transient bacteria that were not present at every
time slot over 1 month. However, a comparatively stable bacterial composition could be ob-
served in the period between 1 month and 3 months. The results obtained with relative abun-
dance at the genera level (Fig 4; the blue cluster) also supported the contention that the
bacterial communities maintained a relatively stable composition between 1 month and 3
months. The time intervals set for this study were divided into three kinds, “days”, “weeks” and
“months”. In Fig 4, the shortest distance represented the highest composition of microbiota at
the genus level. As set out in the cluster diagram, the microbiota in the column headed “1
month” were similar to those in the column headed “3 months” under the same sub-category,
which implied that the microbiota compositions of “1 month” and “3 months” were highly
similar. The figure also suggests that the time interval of “month” is more likely to have stable
bacterial communities. Nonetheless, for the purpose of the dynamic core only, the interval of
“week” would be a more optimal choice. It is reasonable to believe that the main microbiome,
especially the dynamic core microbiome found over a 1 month period will still exist over an
even longer time period [33]. The data also implied that 1 month could be considered initially
as the observation time span in further studies. Excessive extension of the observation time pe-
riod will complicate sampling, increase the difficulty of patient compliance, impose excessive
financial burden on the investigators, and, above all, may result in a delay in disease interven-
tion and treatment [26,33].

Conclusions
In conclusion, this study has shown the changing composition of dental plaque bacterial com-
munities in healthy people over different time intervals. Our study has also demonstrated the
composition of the dynamic core microbiome (at the phylum, genus and species levels), which
plays an important role in maintaining oral health [32,34]. It is important to select different ob-
servation intervals based on what is being emphasized. A time interval of a “week”may be
more suitable to obtain a stable composition of the dynamic core microbiome, whereas a time
interval of a “month” is the preferred interval for studying the overlapping species. These ap-
proaches will lead to a better understanding of the overall micro-ecosystem [35].
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